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ABSTRACT___________________________________________________________________
Total Factor Productivity (TFP) growth in Canada between 2002 and 2014 has been only 0.16%
per year. Although many developed countries have experienced a productivity slowdown since
the beginning of the century, this figure is still substantially smaller than that of the U.S. We
perform multiple counterfactual exercises to show that this difference in TFP growth cannot be
accounted for by several compositional effects and/or mismeasurements of factors of production.
We identify two key sectors (Mining and Manufacturing) that drive all of the TFP growth
difference with the U.S. Despite the lack of TFP growth, Canada has experienced sustained
income growth due to a prolonged period of appreciation of the terms of trade (while terms of
trade in the U.S. have deteriorated), making real income in the two countries grow at similar rates.
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1. Introduction
Since the early 1990’s, but more prominently since the beginning of the XXI century, many
countries — including Canada and the U.S. — have experienced a reduction in Total Factor
Productivity (TFP) growth, in what is commonly referred to as the global productivity slowdown
(see Fernald, 2015; Cette, Fernald and Mojon, 2016). Lack of TFP growth constitutes a puzzle:
many studies have documented that, in the long run, GDP per working age person grows at 2%
per year in developed economies, and this growth is driven by TFP growth (see Kehoe and
Prescott, 2002; and Costa et al., 2016a,b; among many).1 Between 2002 and 2014, Canadian TFP
has been particularly stagnant: it grew by a dismal 0.16% per year (in the United States it grew by
1.08% during the same period).2

We refer to this phenomenon as the Canadian Productivity

Stagnation, and in this paper we explore whether it is genuine, or if it is a result of compositional
effects and/or mismeasurements of the factors of production. After a battery of robustness checks,
we conclude that the lack of TFP growth is genuine.
We then analyze the behavior of sectoral TFP and find that Mining and Manufacturing
drive the differences in TFP growth between Canada and the U.S. Moreover, those sectors that
performed poorly in terms of productivity growth experienced a price increase, while those sectors
that performed well experienced a price fall. In fact, the correlation between productivity and
price growth is -0.73 in Canada (and -0.76 in the U.S.). This result is consistent with standard
neoclassical theory, where prices and productivities are the inverse of each other. We inquire
whether the same result is true in the aggregate, where the lack of TFP growth in Canada coincides
with an increase of Canadian prices (and the growth in U.S. TFP coincides with a fall in U.S.
prices). We find that this is the case: Canada’s terms of trade appreciated during the period (while
U.S. terms of trade deteriorated). As a result, Canadian real income grew during the Canadian
Productivity Stagnation because foreign goods became cheaper, and the growth rate in real income
turns out to be similar to that of the U.S. (where foreign goods became more expensive). We
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Without claiming causality, there are many examples of countries that end up suffering severe recessions after
decades of no TFP growth. During the 1980’s and 1990’s, see the examples of Argentina (Kydland and Zarazaga,
2003), Brazil (Bugarin et al., 2002), and Mexico (Bergoeing et al., 2002), or Spain in 1990-2014 (Conesa and Kehoe,
2017; Diaz and Franjo, 2016; and Moral-Benito et al., 2016).
2
These findings are in line with those of the Groningen Growth and Development Center. In their analysis, they
control for labor quality and different types of capital, and find that TFP in Canada grows even less than what we find.
Our numbers for the TFP growth in the U.S. are even larger than those found by Basu, Fernald and Kimball (2006),
who control for labor quality and capital utilization.
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believe that our results will spur future research on the topic: while our results suggest that
productivity growth affects the evolution of the terms of trade, there is ongoing research trying to
disentangle the exact relationship between the two (see Kehoe and Ruhl, 2008; De Soyres, 2016;
Costa, 2017).
The battery of exercises that we perform is meant to capture whether measurement
problems are behind the lack of TFP growth. To this end, we build counterfactual series of capital
and labor, and re-compute TFP with each new series. None of the exercises is able to explain the
lack of TFP growth in Canada. We begin building counterfactual series of capital. We start by
looking at the depreciation rate used to measure the series of capital using the perpetual inventory
method. As Diewert (2005) points out, consumption of fixed capital in the Canadian National
Accounts is larger than in the U.S. National Accounts, which implies that the depreciation of
Canadian capital is larger.3 Diewert (2005) calculates the depreciation rate of the economy using
micro data on many different industries from Statistics Canada. In contrast, we use aggregate data
on investment and consumption of fixed capital. Still, we reach the same conclusion: the
depreciation of Canadian capital is higher than in the U.S. Using the depreciation rate of the U.S.
to measure Canadian TFP barely changes the figure for TFP growth during the Canadian
Productivity Stagnation, though.
Another concern that we have has to do with the cost of investment: whenever we are
deflating the series of investment, we have in mind a one sector model, and hence we use the GDP
deflator for all of the GDP components. However, the evolution of the investment costs in the two
countries may be different, so we construct a new series of capital deflating investment by its own
deflator. That would be the proper thing to do in a model with a consumption good and an
investment good production sectors, see Conesa et al. (2007). We find that TFP is stagnant in
Canada (actually, it falls) during the period of analysis — but the same is not true in the U.S.
Alternatively, we also deflate the investment series of Canada by the U.S. deflator, and get again
that TFP does not grow during the period. In other words, we cannot link lack of TFP growth to
a slower decrease in the relative price of investment goods in Canada relative to the U.S.
We next explore the role that the composition of investment has on the series of capital.
Diaz and Franjo (2016) argue that the lack of TFP growth in Spain can be accounted for by
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The reason for this difference is that Canadian investment tends to happen more in sectors that have higher
depreciation rates than in the U.S.
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increased investment in the construction sector. For the case of Canada, residential investment
represents 55.56% of total investment in 2002, increasing to 69.22% in 2014. We construct a
counterfactual series of GDP and capital leaving residential investment out of the series, and
perform the growth accounting exercise again. We find that under this scenario TFP falls
substantially between 2002 and 2009, making the average growth rate of TFP during the Canadian
Productivity Stagnation be negative. By contrast, performing the same exercise in the U.S. barely
impacts its TFP growth.
We then turn our attention to how the series of labor is constructed. Between 2002 and
2014, females’ participation rate in the labor market increased, but females still earned less than
males, even though the difference in earnings narrowed.

We ask whether the increased

participation of females in the labor force can explain the lack of TFP growth, by a composition
effect. We again find that this is not the case: if the participation rate of females (relative to that
of males) had stayed at its 2002 level, TFP growth would have been very similar — doing the same
exercise for the U.S. gives the same result. If the gender wage gap had remained constant at their
2002 level (instead of shrinking) and hours worked by females evolved the way they did, TFP
would have fallen in Canada (and stayed virtually constant in the U.S.). Last, we input female
hours as male-equivalent hours using the gender wage gap, but again find that TFP growth barely
changes.
A similar analysis can be done by looking at the industry composition of the labor market.
There is a lot of heterogeneity across industries in terms of the wage they pay, how much labor
they employ, and the evolution of these variables between 2002 and 2014. We find that if relative
wages had stayed constant at their 2002 levels, TFP would have fallen. If, instead, relative
employment across sectors had stayed constant at their 2002 levels, TFP would have also fallen.
This exercise points out that the reallocation of labor across industries, on average, went from low
paying jobs to high paying jobs, and that industries that grew most were the ones that were paying
higher wages. There is a growing literature understanding misallocation of capital or labor across
individual firms in developing economies, in the spirit of Hsieh and Klenow (2009), Restuccia and
Rogerson (2008, 2013) and others. We do not explore this option here, but we conjecture that this
feature cannot be that important quantitatively for the case of Canada.
Next, we look at the specification of the production function. We start by analyzing
whether the labor share parameter in the production function affects our results. Most developed
3

economies build the National Accounts dividing the economy in three different sectors: the
household sector, the government sector, and the corporate sector. In the latter two, total
compensation of employees accurately reflects payments to the labor force. For the household
sector, though, most income is classified as mixed income, even though a large part of it might be
compensation of the labor services provided by the business owner (and often family members).
Hence, when computing the labor share of an economy, common practice suggests to exclude the
household sector of both GDP and compensation of employees, and use the rest of the economy
to compute the labor share (see Conesa et al., 2007, for a detailed explanation). Unfortunately,
the Canadian National Accounts are built without properly distinguishing these three sectors. Due
to this, the labor share we use in our benchmark exercise is the one for the U.S. (0.65). We show
that using alternative labor shares — around the values found in Gollin (2002), roughly 0.66 —
does not change the result of large differences in TFP growth rates between the U.S. and Canada:
either with a labor share of 0.6 or 0.75, the difference in TFP growth rates between the two
countries is over 1 percentage point per year. It is worth pointing out that we do not explore
alternative specifications of the production function. In particular, we abstract from the growing
literature on changes in the labor share, see Karabarbounis and Neiman (2014), Koh et al. (2016)
or Autor et al. (2017). We believe that the time period we analyze is short enough so that
differences in the long run trend in labor income shares between Canada and the U.S. should not
matter much.
Next, we perform a growth accounting exercise at the sectoral level. We construct series
of capital that are sector specific (with a depreciation rate in each sector), and measure sectoral
TFP growth using sector-deflated GDP, and sector-specific labor shares. We find that Mining and
Manufacturing alone account for the lower TFP growth in Canada than in the U.S. We then
proceed to measure the evolution of prices in different industries. We find that the correlation
between the growth rate of sectoral TFP and the growth rate of the sectoral price deflator is highly
negative, -0.73 (and -0.76 in the U.S.). This result is consistent with neoclassical theory, as
productivity and prices are inversely related. We then ask whether this result can also be
extrapolated to the aggregate.
Canada and the U.S. are very integrated. Because of that, if the productivity of one country
grows less than the other, the relative price of that country should increase, and vice versa. During
the Canadian Productivity Stagnation, Canadian terms of trade appreciated at 1.44% per year, and
4

U.S. terms of trade deteriorated at 0.52% per year. When comparing the performance of a country,
we usually use GDP, as it reflects the productive ability of an economy, and is tightly linked to its
purchasing ability. However, in periods of large movements in the terms of trade, real GDP is not
a good measure of the purchasing ability of an economy. To measure the latter, a better metric is
real Gross Domestic Income (GDI), which takes into account the effect of terms of trade changes
(Kehoe and Ruhl, 2008). GDI can be expressed as a real purchasing index that multiplies TFP and
the factors of production. This real purchasing index grew in Canada by 0.79% per year, compared
to the moderate increase of 0.06% that the same index had in the U.S. Real income growth, then,
is as affected by TFP as it is by the real purchasing index. When combined, we find that Canadian
real income grows by 0.95%, much closer to the number for the U.S. economy during that period,
1.13%. This finding does not answer the question as to why TFP did not grow in Canada, but it
contributes to the open question of how TFP and terms of trade are related.
From the seminal contribution of Kehoe and Ruhl (2008), we know that standard open
economy macro models imply that terms of trade shocks have no first order effects on TFP.4 In
light of this result, we should conclude that the Canadian economy will suffer a decrease in its
future income when terms of trade stop appreciating, and this decrease will be caused by the lack
of TFP growth during the Canadian Productivity Stagnation. Yet, we find that TFP has been
stagnant when terms of trade appreciated in Canada, and the opposite is true for the U.S. Hence,
our findings imply that the causal relation — for the case of Canada and the U.S. — may go in the
other direction: lack of TFP growth is associated with an increase in the terms of trade.
Our growth accounting decomposition exercise is based on the work of Cole and Ohanian
(2002) and Kehoe and Prescott (2002) to study Great Depressions. It has been used to study Great
Depression episodes in many countries, including Canada between 1929-1939 (Amaral and
MacGee, 2002), business cycles (Chari, Kehoe and McGrattan, 2007), fiscal policy (Conesa,
Kehoe and Ruhl, 2007), and development (Bosworth and Collins, 2008). We are by no means the
first ones to perform a growth accounting exercise of the Canadian economy. On top of the
aforementioned Amaral and MacGee (2002) for the Great Depression, Cociuba and Ueberfeldt
(2008) apply the methodology of Chari, Kehoe and McGrattan (2007) to the analysis of the
Canadian business cycles. Our analysis differs from previous work along two dimensions: first,
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De Soyres (2016) and Costa (2017) are examples of recent work that try to challenge this result.
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we document that Canada had stagnant productivity growth during 2002-2014; second, we analyze
the robustness of this result to several measurement and compositional issues.
Our results could be contrasted with the literature that tries to tackle the reasons for the
global productivity slowdown. For example, Fernald (2015) argues that industries that produce
information technology are tied to having a larger slowdown in productivity, and Decker et al.
(2016) indicate that lower dynamism in the business sector is responsible for the productivity
slowdown. Alternatively, Duernecker et al. (2016) propose that the slowdown is a result of
structural transformation, and Bloom et al. (2017) suggest that having good ideas is an increasingly
hard task.

2. Measuring total factor productivity
In this section we show how to measure TFP, closely following Conesa et al. (2007) and report
the results of the growth accounting exercise for Canada and the U.S. The exercise consists of
attributing all the growth in GDP per working age person to a capital, a labor, and a TFP
component. First, suppose the production function of the economy is given by the following CobbDouglas production function

Yt  Kt ( Et Lt )1 ,

(1)

where Yt is a measure of income/output (GDP in our benchmark measurement), Kt is the capital
stock, Lt is the total amount of labor in the economy, Et is the total factor productivity,5 and 
is the capital share in the economy. Then, GDP per working age population, Yt / N t , can be
expressed as


 K 1
Yt
 Et  t 
N t TFP factor  Yt 

Lt
Nt

,

(2)

Capital intensity Labor intensity

which implies that the series of output per working age population is accounted for by the
combination of the evolution of the TFP factor, the capital intensity factor, and the labor intensity
5

 1
1/(1 )
This formulation is equivalent to Yt  At K t Lt , where Et  At
. Often people refer to Et as labor efficiency,

while they reserve the term TFP for At . For consistency, we choose the formulation in expression (1) since it comes
more natural when we later (Section 4) decompose Et in terms of the efficiency of different types of workers.
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factor. Notice that in a balanced growth path the intensity in the use of capital and labor should
be constant, and the TFP factor drives entirely the evolution of output. In what follows, we show
how to construct a series for all the objects in (2) using the National Accounts and labor survey
data.
2.1. Construction of the series
In order to measure TFP for Canada and the U.S. we need measures of GDP, labor, working age
population, and capital.
We start with output, Yt . We use the series of GDP at constant prices as our measure of
output, found at the OECD for both Canada and the U.S. Then, we compute the GDP deflator
taking the ratio between the two, with base year prices in the year 1970.
We compute the amount of labor, Lt , multiplying the series of the number of workers in
each period by the average hours worked. The series of working age population, Nt , is given the
series of population in ages 15-65. The data is also reported by the OECD.
We compute the series for capital using data on gross capital formation and consumption
of fixed capital at current prices. We deflate the series of gross capital formation by the GDP
deflator to obtain our measure of gross investment, I t (measured in units of forgone output). Then,
we assume that capital is formed using the perpetual inventory method,

Kt 1  (1   ) Kt  It ,

(3)

where  is the depreciation rate of capital. We choose the value for this parameter to match the
average value of the ratio of consumption of fixed capital to GDP in the data,6

1 2014 Cons of fixed capitalt 1 1980  Kt


 ,
34 t 1981
GDPt
10 t 1971 Yt

(4)

and assume that the first capital stock is such that the capital-ouput ratio is the same as the average
for the first 10 years of the series

6 Ideally we would like to match the average consumption of fixed capital to GDP in the data going back to 1970.
Unfortunately, consumption of fixed capital is only available after 1981.
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K1970 1980 Kt
 
.
Y1970 t 1971 Yt

(5)

We find that the depreciation rate for Canada is 7.54% and the depreciation rate in the U.S. is
6.77%.
Finally, we are left with the computation of the capital share parameter,  . The national
accounts divide all the economy in three sectors: households, corporate, and government. While
it is clear that salaries paid by the corporate and the government sector to employees is labor
compensation, it is less clear that the same object in the household sector coincides with labor
compensation. The household sector includes small firms operated by the business owners and
may not include all payments to labor as compensation of employees. To avoid this problem and
to get a proper estimate of the capital share, we would like to compute the following object

  1

Compensation Employeest  HH C.E.t

2014

 GDP  HH C.E.  HH Mixed Income  Ind Tax ,

t 1970

t

t

(6)

t

where the series of Compensation Employees consists of all payments to employees in the
economy, HH C.E. is the payments to employees done by the household sector, HH Mixed Income
is the payment from the household sector to other factors — including capital, but also labor —
and Ind Tax consists of Indirect Taxes. This number can easily be computed as an average for the
U.S.: 0.35. However, Canadian National Accounts feature the following curiosity: all payments
to employees are attributed to the household sector. This would imply that the numerator in the
right term of equation (6) expression is always 0. Given that, we use the same parameter for the
capital share in Canada as in the U.S. We perform robustness exercises in Section 5.1 and the
conclusions do not change.
2.2. Results
As is well-known, from the series for the U.S., Figure 1, the pattern that emerges consists of a
growth rate of GDP per working age population mostly driven by the growth rate of TFP, with the
labor per working age population and the capital-output ratio components being quite stable.
The picture that emerges for Canada, in Figure 2, is similar, but it has a key difference:
between 2002 and 2014, the series for TFP is (almost) flat.
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Figure 1 (left): Growth Accounting Decomposition for the United States, 1970-2014
Figure 2 (right): Growth Accounting Decomposition for Canada, 1970-2014
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An alternative way to see the difference between the series consists of computing the annualized
growth rate for the periods of 1970-2002 for the four series and the two economies, and
repeating the computation for the period 2002-2014. We show the results in Table 1.

Table 1: Annualized growth rates

United States

Canada

1970-2002

2002-2014

1970-2002

2002-2014

GDP per wap

1.87%

0.85%

1.56%

0.94%

TFP factor

1.65%

1.08%

1.45%

0.16%

Capital intensity

0.00%

0.21%

-0.10%

0.74%

Labor intensity

0.22%

-0.44%

0.21%

0.04%

During the period 2002-2014 GDP growth is very similar in the U.S. and in Canada, but
TFP growth differs dramatically. TFP in the U.S. grew at an annualized rate of 1.08%, while
Canadian TFP grew much less, at only 0.16%. In contrast, factor intensity grew more in Canada
than in the United States, and that is why GDP growth is similar across the two economies. This
difference is not present in the period 1970-2002, and that is why we will look at compositional
and measurement issues that might have artificially generated these different patterns in 20022014.
9

Before getting into a detailed analysis of the Canadian economy, we want to establish that
the Canadian productivity stagnation started in 2002, and that the episode was genuine to the
Canadian economy. For instance, Cette, Fernald and Mojon (2016) find that the U.S. had a period
of divergence in productivity from European countries starting already in the 1990’s (well before
the Great Recession). Hence, it is important to analyze whether Canada was one more of the group
of countries diverging from the U.S. already in that period or not. Moreover, since the Great
Recession happens to be around the middle of the time period we look at, it is important that we
get a sense of how productivity grew before and after the Great Recession. We find that during
the period before the Canadian productivity stagnation, Canadian TFP grew at the same pace as
U.S. TFP (2.14% and 2.15% respectively, for the period spanning from 1990 to 2002). Hence, the
divergence in TFP that exists between different European countries and the U.S. is not mirrored
by the Canadian experience. In fact, the first part of the Canadian stagnation period that we analyze
(2002-2007), right before the Great Recession, is a period where the Canadian TFP grew below
that of the U.S. (0.39% vs. 1.45%) but the period that immediately followed the difference became
even larger (-0.01% vs 0.83%). Thus, we conclude that the Canadian productivity stagnation is
genuine to the Canadian economy, and that, even though it started before the Great Recession,
after that period it became more severe.
Now we turn to the issue of whether mismeasurement of inputs accounts for the lack of
measured TFP growth. The kind of mismeasurement we focus on arises because of compositional
changes. This could be the case because new inputs that are incorporated into the economy are less
productive per se than previously existing inputs (i.e. the workers or capital that are added to the
production process are different — and less productive — than the ones already employed), or
because these entering inputs are the same than those already employed but are allocated to less
productive activities.

3. Aggregate measurement of capital
In this section we perform a robustness check on the measurement of capital, and find that the
results on productivity stagnation remain.

10

3.1. Depreciation of capital
A common concern about how to measure capital in the Canadian economy is posed by Diewert
(2005), since Canada depreciates a larger stock of its capital than the U.S.. Indeed, in our baseline
case, the depreciation rate for Canada is 7.54%, while the depreciation rate for the U.S. is 6.77%.
This concern is very important since it affects the measurement of capital and hence the
measurement of TFP. Furthermore, the calibrated delta has an impact on the calibrated capital
level of the initial period; in the benchmark case this ratio is only 2.08 in Canada, while in the U.S.
it is 2.25. When we compute the change in TFP of the Canadian economy for the period 20022014 using the depreciation rate of the U.S. as a counterfactual, we get that the ratio of initial
capital stock to GDP is 2.20, very similar to the one in the U.S. Still, under this counterfactual
scenario we measure that the TFP component grows at 0.18%, instead of 0.16% in the baseline
case. The difference in depreciation rate between the U.S. and Canada may arise because of
differences in the sectoral composition of the two economies. Because of that in Section 5 we
perform an analysis of the evolution of TFP for different sectors of the economy and a comparison
Canada-U.S. sector by sector.
3.2.Investment cost of capital
When we construct the benchmark series of capital we deflate the series of investment
using the GDP deflator. In that way, investment goods becoming cheaper relative to consumption
goods shows up in our accounting exercise as an increase in TFP. We want to determine whether
the differences in measured TFP come from differences in the evolution of the relative price of
investment goods. In order to do so we construct an alternative measure of capital using investment
series deflated by the country specific investment deflator. We find that in this case, TFP in
Canada falls at -0.24% per year during the Canadian Productivity Stagnation, and TFP in the U.S.
grows at 0.99% per year.7 This result suggests that, in fact, the cost of capital evolved differently
than that of the overall economy, making the difference in productivity growth even larger.
Alternatively, when we compute the capital series of Canada using the U.S. investment
deflator, and re-compute TFP, we again find that TFP in Canada grows less than in the benchmark
accounting exercise (only by 0.05%).

7

Here we are abusing notation by referring to TFP as the residual factor productivity growth once the decrease in the
price of investment goods has already been accounted for.
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3.3.Investment in buildings and dwellings
According to Diaz and Franjo (2016) the lack of TFP growth in Spain during the 1990-2014 period
can be accounted for by the rise in the share of investment in buildings and dwellings. The
Canadian economy is similar to the Spanish economy in that it also had a tremendous increase in
the fraction of total investment devoted to buildings and dwellings during the period 2002-2014:
it went from 55.56% of total investment at the beginning of the period to 69.22% at the end of it.
In order to determine the impact of this feature of investment data for our measurement of TFP we
subtract all investment in buildings and dwellings from the series of investment and GDP, and
repeat the growth accounting exercise.
We find that instead of 12 years of roughly flat TFP, the series splits into 7 years of
pronounced negative growth (-0.99%) followed by 5 years of positive growth (1.16%) for a
combined effect of a fall of 0.10% per year during 2002-2014. Hence, investment in buildings and
dwellings cannot account for the lack of TFP growth in Canada, but it changes the overall picture:
instead of a Productivity Stagnation that lasted twelve years, we find a severe fall in TFP for a
shorter time period.
In the case of the U.S. during 2002-2014, the growth rate of TFP in this counterfactual
would have been 1.34% (instead of 1.08%). During 1970-2002, Canada would have grown at
1.45% (exactly the same we got including buildings and dwellings) and the U.S. would have been
1.47% (instead of 1.55%).
We thus conclude that the composition of investment (in terms of the size of residential
investment) cannot account for the differences in measured TFP growth. Now we turn to the
potential mismeasurement of the other production factor, labor.

4. Measurement of labor
When we measure labor, the exercise we perform in our benchmark accounting consists of
counting how many bodies are working, and multiply that number by the average amount of hours
worked. One concern that we may have, though, is that different bodies have different levels of
productivity. If the composition of labor changes over time, with some types of labor growing at
the expense of others, then the resulting aggregate TFP growth may be affected.

12

Consider the labor and total factor productivity term in brackets of equation (1), Et Lt .
Suppose that different labor units have different efficiencies, namely that Et is a vector of
efficiencies, and Lt is a vector of bodies/hours working with those efficiencies, and then

Et Lt   eit
iNt

it

. Then, the decomposition equivalent to equation (2) becomes

Yt

Nt

e

iNt

it

Lt

it



 Kt 1 Lt
 
 Yt  Nt

(7)

Expression (7) points to potential effects of compositional changes for the lack of
productivity growth in Canada. If the composition of aggregate employment is shifting towards
less productive individuals, then the aggregate efficiency of labor might be growing less than in
the absence of those compositional changes.
We use employment data and wage data in order to perform counterfactuals that determine
if the efficiency of labor is not growing because of compositional changes. The underlying
assumption in our exercise is that efficiency of some type of workers, ei ,t , is well captured by the
wage data of that type of worker. We perform counterfactuals quantifying the role of increasing
female participation in the labor force, as well as different sectoral composition of employment in
the economy.
We do not explore the implications of skill composition of the labor force,8 and we do not
explore potential misallocation of resources across firms with heterogeneous productivity. See
Restuccia and Rogerson (2013) for an excellent survey of the growing misallocation literature.
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Lack of data prevents us from performing a skill decomposition exercise, because the public version of the Survey
of Labour and Income Dynamics (SLID) of the Bank of Canada, which contains information on wages by education
level, does not allow to perform longitudinal analysis. However, it is very unlikely that the educational level of the
labor force can explain the lack of TFP growth in Canada: between 2002 and 2014 there has been a 50% increase in
workers with above bachelor and bachelor education, a 20% increase in workers with post-secondary education, and
either a roughly constant or a fall in workers with some post-secondary, high-school, some high-school and 0-8 years
of education. Moreover, the Conference Board, which measures Total Factor Productivity using, among others, labor
quality, finds that Canadian TFP during the period of analysis grew at -2%, whereas the U.S. grew at 0.3% per year.
Hence, we think it is very unlikely that the lack of productivity growth during the Canadian Productivity Stagnation
can be due to the skill composition of the labor force.
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4.1. Gender wage gap and female labor force participation
Canadian females have been earning between 72% and 87% of what their male counterparts earned
during the 1981-2014 period (in the U.S., these figures are 65% to 83%). Females active in the
labor force represented between 68% and 90% of males active in the labor force (in the U.S., 75%
to 88%), and females have worked between 79% and 84% of the hours worked by their male
counterparts (in the U.S., 63% to 72%).
See Figure 3 for the evolution of these three gaps for Canada. With this information, we
construct the series for efficiency units of labor actually worked as

e

iNt

it it

 M t  Av.H.Worked-Malet  Ft  Av.H.Worked-Femalet  GAPt

(8)

where the first term consists of the number of males working times the amount of hours worked
by them on average, and the second is the female counterpart, where GAPt is the relative wage of
females with respect to males. We perform two counterfactual exercises: what would have been
the evolution of Canadian TFP if the gender wage gap remained constant to their 2002 level
throughout the period analyzed; and what would have been the evolution of Canadian TFP if
female’s participation rate and hours worked stayed constant to their 2002 level throughout the
period.

Figure 3: Gender gaps in Canada, 1981-2014.
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0.9
Bodies Gap

0.85
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0.8
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Gender Wage Gap

0.7
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If the gender wage gap had remained at its 2002 level, but female participation rate was the one
observed, TFP would have been
TFPt '  TFPt

e

i 2002 it

iNt

e

iN t

it

.

(9)

it

The series of TFPt ' from equation (9) has negative growth, equal to -0.02% per year during
the 2002-2014, compared to the growth of 0.16% in the baseline case (in the U.S., this figure is
1.54%, see Table 2). The fall of these series has a clear explanation: the gender wage gap
narrowing between 2002 and 2014, in our framework, is equivalent to having females increasing
their productivity. If they were as productive as in 2002, overall productivity would have fallen
more than it actually did.
Similarly, we can compute what would have been TFP, had the labor participation
decisions remained constant to those of 2002, but the gender wage gap changed as it did. In this
case,
TFPt ''  TFPt

e

iNt

it

i 2002

e

iNt

it

it

Lt
.
L2002

(10)

The series for TFPt '' from equation (10) increases, but only at 0.30% per year (in the U.S.,
this figure is 1.82%, see Table 2). Since throughout the period females are less productive than
males, and there is an increase in the female participation rate, that means that there was a relative
increase of less efficient workers (at least as measured by wage data). However, this effect is very
small and it cannot account for the lack of TFP growth for the entire period.
Alternatively, we can perform an alternative measurement of TFP, but this time computing
it with “effective male” units, where the new series for labor — not efficiency units of labor used
— is measured using the following formula
f
L*t  M t H tM  GAPF
t t Ht .

and then, the counterfactual TFP is measured as
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(11)

1

L 
TFPt '''  TFPt  *t 
 Lt 

.

(12)

The series for TFPt ''' from equation (12) increases, but only at 0.13% per year (in the U.S.,
this figure is 1.15%, see Table 2). Since throughout the period, the number of “male” units increase
as the gender wage gap narrows, the resulting figure is smaller than that of actual TFP. Again, this
measurement cannot account for the lack of TFP growth for the entire period.

Table 2: Counterfactual growth rates of TFP with gender wage gap.

United States

Canada

1981-2002

2002-2014

1981-2002

2002-2014

TFP factor

1.76%

1.08%

1.52%

0.16%

TFP’

0.93%

1.54%

1.38%

-0.02%

TFP’’

1.12%

1.82%

1.60%

0.30%

TFP’’’

1.64%

1.15%

1.34%

0.13%

4.2 Sectoral composition of labor
Next, we investigate the relationship between the sectoral composition of labor and the lack of
TFP growth. The analysis that follows is similar to the one in the section before, but using data
on the 20 different sectors of the economy.9 There is heterogeneity in the volume of employment
per industry — Manufacturing is the largest sector, with over 2,000,000 workers, and Utilities is
the smallest, with around 100,000 — as well as in wages — Accommodation and food services
pay around 20% of what Utilities and Mining, quarrying, and oil and gas extraction pay.
Using information by sector, we compute effective hours worked,



iNt

eit

it

, where Nt

is the set of industries, eit is computed using the wage of sector i , deflated using the GDP deflator,

9

These sectors are Agriculture, forestry, fishing and hunting, Mining, quarrying, and oil and gas extraction, Utilities,
Construction, Manufacturing, Wholesale trade, Retail trade, Transportation and warehousing, Information and cultural
industries, Finance and insurance, Holding companies, Real estate and rental and leasing, Professional, scientific and
technical services, Administrative and support, waste management, Educational services, Health care and social
assistance, Arts, entertainment and recreation, Accommodation and food services, Other services (except public
administration), and Public administration. In the U.S. data, Holding companies does not appear, and there is
Management of companies and enterprises, instead.
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and

it

is the number of workers in sector

i

— unfortunately, the data does not include hours

worked in each sector, only the body count of workers. In what follows we explain the exercises,
which replicate the ones that we did for the labor wage gap but for different sectors, and all the
results are reported in Table 3.
In the first exercise we make use of the formulation of equation (9), keeping relative wages
constant and changing the relative employment in each sector. In this counterfactual case, TFP
would have had a negative growth rate of -0.73% per year. The reason for this fall — compared
to the growth of 0.16% in the baseline case — is the same as in the case of lower growth when the
gender wage gap stays constant: the sum of efficiency increases, weighted by the employment
level in each sector, is positive, i.e.
TFP2014 ' TFP2014


TFP2001 ' TFP2001

e

iN t

i 2000 i 2014

e

iN t

i 2014 i 2014



e

iN t

i 2000 i 2000

e

iN t

i 2000 i 2000



 e

iN t

i 2014

 ei 2000 

i 2014

0 .

(13)

Similarly, in the second exercise we make use of the formulation of equation (10), keeping
relative employment in each sector constant and changing the relative wages in each sector. In this
counterfactual exercise, the series for TFP increases by 0.11% per year. Notice that this result is
exactly the opposite of what we found in the case of the gender wage gap. In fact, and similar to
the case where wages are fixed, this number being smaller than 0.16% implies that the sum of
labor increases, weighted by the efficiency level in each sector, is positive, i.e.


TFP2014 '' TFP2014

  ei 2014  i 2014  i 2000   0 .
TFP2000 '' TFP2000
iNt
 L2014 L2000 

(14)

These two results imply that the reallocation of labor and the relative increases in efficiency during
the last 14 years in Canada have been in the direction of increasing productivity, referred to as
productivity-enhancing structural transformation by McMillan and Rodrik (2011).
In the last exercise, making use of equation (11) (changing the gender wage gap by the
relative wages) and (12), where we impute all the changes in real wages to differences in hours
supplied, we again get that TFP would have fallen, this time at -0.45% per year.
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Table 3: Counterfactual growth rates of TFP with sectoral composition of labor.

United States

Canada

TFP factor

1.08%

0.16%

TFP’

-0.39%

-0.73%

TFP’’

1.31%

0.11%

TFP’’’

0.25%

-0.45%

Therefore, we conclude that compositional changes of the labor force cannot account for
the lack of TFP growth observed in our benchmark accounting exercise.

5. Measurement of the production function
When we measure TFP, we need to assume a certain specification of the production function. We
follow the convention in most growth accounting exercises and use the Cobb-Douglas
specification. There is an increasing literature regarding the long run decrease of the labor share
that naturally departs from that framework, but here we restrict attention to the constant factor
shares assumption.10 The simplicity of the Cobb-Douglas specification is that it relies on obtaining
only one parameter, the capital share. The first exercise we perform consists of investigating the
role that this parameter plays further. The second exercise consists of measuring sectoral TFPs by
performing a growth accounting exercise at the industry level.
5.1 Capital share
When we computed the capital share in the economy, equation (6), we stated that due to the strange
compilation of the household sector in National Accounts data in Canada, the capital share was
borrowed from the U.S. The number we have used in our baseline analysis is 0.35, slightly larger
than the 1/3 measured in Gollin (2002).
To perform this robustness analysis, we compute the increase in TFP during the 2002-2014
period in Canada for different values of the capital share. If the capital share were equal to 0.25,
TFP would have grown at 0.52% (in the U.S. this figure would be 1.36%). If the capital share

10

We briefly discussed this issue and the relevant literature in the Introduction section.
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were 0.40, TFP would have experience 0.00% growth (in the U.S. this figure would be 0.97%).
Either way, it seems like our results are not affected by different values for the capital shares.
5.2 Multiple sectors
We next turn to measuring a series for TFP for each sector in the economy for both the U.S. and
Canada, to determine whether some sectors in the U.S. perform substantially different than their
Canadian counterparts.
In order to measure sectoral TFP we need to use a series of total output — we use sectoral
real output, instead of deflating all the series by a common deflator — as well as data on total
employment — we use total employment per sector, as hours worked per sector are not available
—, capital and the labor share.
In order to construct the series for capital, we use investment data per sector. A very nice
feature of Canadian sector-specific investment data is that it is split between investment and repair.
The variation in the composition in the two types of investment is consistent with different sectors
having different depreciation rates. We make use of this data in order to compute a different
depreciation rate for each sector ensuring that the overall depreciation in the economy is consistent
with the depreciation we used in the benchmark case. In particular, we compute

1 2014 Repair Investment t
i   
.

21 t 1994 Capital stock t

(15)

with  such that
2014


1 2014 Cons of fixed capitalt
1 t 
1994 i


45 t 1970
Yt
21
Yt

K i ,t  i

.

(16)

Unfortunately, U.S. data is not as rich as Canadian data; hence, we use the same sectoral
depreciation rate in the U.S. as the ones found in Canada.
We have information on the overall wage bill paid by each industry and total sectoral GDP.
The labor share is meant to capture precisely the ratio between the two, although, as mentioned in
section 5.1, we need to disentangle whether the expenditure is done by the household sector, the
corporate sector, or the government. Unfortunately, the information available does not split wage
bill paid by each of these groups, so the problem analyzed in Section 5.1 still applies in this data.
Hence, data limitations imposes us to make a choice: either we use the aggregate labor share we
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found in the U.S., where the number we got accurately represents the fraction of output used to
cover labor costs, or we use a sector-specific labor share, even though the number will likely
underestimate the importance of labor in the production function of some sectors. Since different
industries have widely different labor shares, we opt for the second alternative, even though we
are well aware of the problem that it represents (see Table 4).
Our analysis shows that the growth rate of sectoral TFPs is positively correlated between
the two countries, with a correlation of 0.42. However, we observe that there are two sectors that,
given their large share of Canadian and U.S. GDP, and given their differential evolution in terms
of sectoral TFP, clearly have an impact on the evolution of the whole series: these sectors are
manufacturing (where Canada grew at 1.33% and the U.S. at 1.90%) and mining and oil and gas
extraction (where the figures are -5.24 and -1.64%, respectively). After we remove the share of
output, capital and labor accounted for by these two sectors in the two economies, we find that
Canadian TFP grows at 0.93% per year, whereas U.S. TFP grows at 0.71%. Clearly, these two
sectors play a major role explaining the different behavior of TFP for the two countries. Moreover,
these two sectors are highly exposed to the foreign sector and to commodity prices, implying that
relative price changes are more important for these sectors than in the majority of other sectors.
Since we have information on the sectoral price deflators and the evolution of TFP, we can
also analyze how the two are related. We find that the relationship is negative. The correlation
between sectoral TFP growth and the change in relative prices is -0.73 in Canada (and -0.76 in the
U.S.). This finding is consistent with the predictions of standard theory: whenever the productivity
of a good goes up, its price goes down. And this pattern is true for both, U.S. and Canada. The
same pattern (higher productivity growth is related to falling relative prices) that we find across
sectors is also true for the comparison of the aggregates of Canada and the U.S. In Canada TFP
grew less than in the U.S., and Canadian terms of trade appreciated while U.S. terms of trade
depreciated. Now we turn to exploring the impact of terms of trade in Canada for measures of
purchasing power.
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Table 4: Capital shares, depreciations, TFP growth rates, price growth rates by industry
Capital share

Capital share

Depreciation

Can TFP

Can price

U.S. TFP

U.S. price

Canada

U.S.

rate

growth

growth**

growth

growth

Agriculture, forest, fish and hunt

0.49

0.75

0.10

3.86

-1.77

-0.24

-0.47

Mining, oil, gas extraction

0.81

0.75

0.07

-5.24

3.54

-1.64

5.53

Utilities

0.70

0.70

0.07

-3.82

-0.39

-1.35

0.77

Construction

0.30

0.37

0.09

-0.24

1.55

-1.93

1.67

Manufacturing

0.38

0.48

0.07

1.33

-0.51

1.90

-1.71

Wholesale trade

0.39

0.39

0.07

2.56

-1.23

1.06

-0.33

Retail trade

0.30

0.32

0.09

1.14

-1.20

-0.61

-0.40

Transport and warehousing

0.36

0.46

0.06

-0.31

0.55

0.91

-0.63

Information and cultural industries

0.55

0.67

0.06

3.17

-0.38

3.64

-2.23

Finance and insurance

0.44

0.43

0.06

1.99

-1.27

0.37

-0.00

Prof. scientific and tech. services

0.42

0.59

0.08

0.69

0.24

-1.15

0.41

Educational services

0.23

0.84

0.08

-0.12

-0.38

-4.13

2.79

Health care and social assistance

0.23

0.17

0.08

-1.09

0.70

-0.23

1.11

Arts, entertainment and recreation

0.50

0.40

0.07

-0.58

-0.07

0.52

-0.23

Accommodation and food services

0.44

0.31

0.08

0.91

-0.28

-0.51

0.50

Other services (not public admin)

0.44

0.25

0.07

0.06

-0.17

-1.69

1.04

Sector*

*Real estate and Management of Companies excluded because of data availability; Government and Administrative and Waste management
excluded because wage bill larger than Value Added.
**Only computed 2002-2013 due to data availability.

6. Income, Output, and the terms of trade
Canada and the U.S. are highly integrated. In the previous section we have shown that, in line
with standard models, sectoral prices are negatively related to sectoral productivities. In this
section we inquire whether the same logic applies at the aggregate level as well. In particular,
given that during the 2002-2014 period TFP in Canada stagnates while it grows in the U.S., we
should expect that Canadian prices increase relative to those in the U.S. We find that this is the
case: Figure 4 shows that Canada’s relative price of imports over exports falls by 1.44% per year
between 2002 and 2014, whereas the number in the U.S. increases by 0.52% per year (the units
are normalized to 1 in 2007).

Figure 4: Terms of trade in Canada and U.S. 2002-2014.
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A fall in the price of imports implies that domestic goods become relatively more expensive
and foreign goods become relatively cheaper. That means that the country does not need to
produce as much in order to enjoy a larger amount of goods. This point is key to differentiate
output from income. When the terms of trade are stable, the two objects are the same. However,
in periods of a prolonged appreciation or depreciation of the terms of trade, real measures of output
differ from real measures of income.
For instance, for the period 2002-2014, if Canadian output and exports were kept constant,
Canadian citizens could have enjoyed an additional 1.44% of foreign goods every year. Hence,
even though the ability to produce goods would not change (output), the ability to purchase goods
would have been growing (income). In the national accounts, the first object is referred to as real
GDP, whereas the second object is real Gross Domestic Income (GDI). By construction, in
nominal terms the two are the same. However, in real terms, the difference between the two has
22

to do with the price index used to deflate the foreign sector. In the case of real GDP, each category
(private consumption, investment, public consumption, exports and imports) is deflated by its own
price index. In the case of real GDI, however, both exports and imports are deflated using the
same price index — in the cases of Canada and the U.S the chosen price index is the import price
index. As shown by Kehoe and Ruhl (2008), changes in the terms of trade do not induce first order
changes on real GDP. If exports become more expensive than imports, nominal GDP increases
because the value of a component that adds to nominal GDP increases; however, in this scenario,
real GDP does not change because the larger increase in the price of exports is entirely captured
by its price index, which is different from the price of imports. Changes in the terms of trade,
however, have an effect on real GDI: when exports become more expensive than imports, real GDI
increases because exports are deflated by the price of imports, and the deflator does not capture
the price increase.11
GDI can be expressed as,12
 X / PX  PX    1
GDI  Et1 1 
1 
  Kt Lt ,
GDP
P

M 


(17)

real purchasing index
real purchasing-productivity index

where the real purchasing index is affected by the size of exports and the terms of trade. Hence,
we can use the growth accounting exercise, using GDI instead of GDP, and report the combination
of the real purchasing index and TFP, instead of only TFP. This object, which we call Real
Purchasing-Productivity Index (RPPI) measures how much income is generated by the factors of
production.

11

For more details on the difference between real GDI and real GDP, we refer the reader to section 7 of Kehoe and
Ruhl (2008).
12

By definition, real GDP  C  I  G  X  M , real GDI  C  I  G  X  M , GDP  K  ( EL)1 and simple algebra
PC

PI

PC

PX

PM

PC

yields the expression.
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Figure 5 (left): GDI - Growth Accounting Decomposition for the United States, 1970-2014
Figure 6 (right): GDI - Growth Accounting Decomposition for Canada, 1970-2014
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We find that the growth in RPPI is 0.95% per year in Canada during the 2002-2014 period
(substantially larger than the 0.16%) and 1.13% in the U.S. (roughly the same as 1.08%). Also,
RPPI growth in both Canada and the U.S. is substantially smaller than during the 1970-2002 period
(1.71% for Canada and 1.65% for the U.S.). Notice that the differences in RPPI growth between
Canada and the U.S. are very small, both in the recent period, but also in the past.

7. Conclusion
We document the puzzling observation that TFP growth has been only 0.16% per year in Canada
for the period 2002-2014. This figure contrasts with robust growth in the U.S. for the same time
period, and also in the past experience of Canada. We argue that this feature is not driven by
compositional effects related to the measurement of factors of production. In contrast, we
document that the performance of two key sectors (Mining and Manufacturing) accounts for all of
the difference in TFP across Canada and the U.S.
Interestingly, the evolution of the terms of trade in the two countries is dramatically
different. In fact, the dismal productivity growth in Canada coincides in time with a substantial
appreciation in Canadian terms of trade. In periods of a prolonged appreciation or depreciation of
the terms of trade, real measures of output differ from real measures of income (see Kehoe and
Ruhl, 2008). We construct a real purchasing-productivity index that takes changes in the terms of
trade into account, and show that this index grows similarly in Canada and in the U.S. both in the
2002-2014 period and before.
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Appendix: Description of the data
Canadian data
Original
Aggregate
O.1 Employment (thousands of workers) — 1960-2014, OECD database.
O.2 Annual hours (units) — 1961-2014, OECD database.
O.3 Total Population (thousands) — 1960-2014, OECD database.
O.4 Dependency ratio (%) — 1960-2014, OECD database.
O.5 Nominal GDP (millions) — 1970-2014, OECD database.
O.6 Nominal Gross Capital Formation (millions) — 1970-2014, OECD database.
O.7 Nominal Consumption of Fixed Capital (millions) —1981-2014, OECD database.
O.8 Real GDP (millions of 2010) — 1970-2014, OECD database.
O.9 Real Gross Domestic Income (millions) — 1970-2014, OECD database.
O.10 Nominal investment in construction (millions) —1970-2014, OECD database.
O.11 Real Gross Capital Formation — 1970-2014, OECD database.
O.12 Male employment (thousands) — 1981-2014, CANSIM Table 282-0002.
O.13 Female employment (thousands) — 1981-2014, CANSIM Table 282-0002.
O.14 Gender wage gap (%) — 1981-2011, Morisette et al., (2013). Years missing filled with
linear interpolation; from 2011 to 2014, use 2011 value.
O.15 Male average hours worked (units) — 1981-2014, CANSIM Table 282-0018.
O.16 Female average hours worked (units) — 1981-2014, CANSIM Table 282-0018.
O.17 Imports, nominal — 1970-2014, OECD database.
O.18 Exports, nominal — 1970-2014, OECD database.
O.19 Imports, real — 1970-2014, OECD database.
O.20 Exports, real — 1970-2014, OECD database.

Sectoral
O.21 Sectoral GDP, real — 2002-2014, CANSIM Table 379-0031.
O.22 Sectoral GDP, nominal — 2007-2013, CANSIM Table 379-0030.
O.23 Sectoral GDP, nominal — 2002-2008, CANSIM Table 381-0016.
O.24 Labor force by sector (thousands) — 2001-2014, CANSIM Table 383-0031
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O.25 Wage bill (thousands of dollars) — 2001-2014, CANSIM Table 383-0031
O.26 Capital expenditures by sector (millions) — 1991-2014, CANSIM Table 029-0005.
O.27 Repair expenditures by sector (millions) — 1991-2014, CANSIM Table 029-0005.

Constructed
Aggregate
C.1 Population 15-64 — O.3/ (1+O.4/100).
C.2 CFC/GDP — O.7/O.5.
C.3 Real Investment (millions) — O.6 x O.8/O.5.
C.4 Depreciation rate — Equation (4), O.8, C.2 and C.5.
C.5 Capital — Equation (3), (5), O.8, C.3, C.4.
C.6 Capital with U.S. depreciation — Re-construction of C.5, using C.46.
C.7 TFP — Equation (2), and O.1, O.2, O.8, C.5, and C.44.
C.8 TFP with U.S. depreciation — Re-construction of C.7, using C.6 instead of C.5.
C.9 RPPI — Re-construction of C.7, using O.9 instead of O.8.
C.10 RPI — C.9/C.7.
C.11 TFP with 0.25 capital share — Re-construction of C.7, using   0.25 .
C.12 TFP with 0.4 capital share — Re-construction of C.7, using   0.4 .
C.13 Real investment without investment in buildings — (O.6-O.10) x O.8/O.5.
C.14 Capital without investment in buildings — Re-construction of C.5, using C.13.
C.15 GDP without investment in buildings — O.8 x (1-O.10/O.5).
C.16 TFP without investment in buildings — Re-construction of C.7, using C.14 and C.15.
C.17 Real investment, using US deflator — Re-construction of C.3, using U.S. deflator.
C.18 Capital, using US deflator — Re-construction of C.5, using C.17.
C.19 TFP using capital with US deflator — Re-construction of C.7 using C.18.
C.20 Capital using real investment — Re-construction of C.5, using O.11.
C.21 TFP using capital with real investment — Re-construction of C.7 using C.20.
C.22 Annual hours worked, male — O.15 x 52.
C.23 Annual hours worked, female — O.16 x 52.
C.24 Hours worked — C.22+C.23.
C.25 Constant gap TFP — Equation (9), and C.7, C.44, O.12, O.13, O.14, C.22, C.23, C.24.
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C.26 Constant labor TFP — Equation (10), and C.7, C.44, O.12, O.13, O.14, C.22, C.23, C.24.
C.27 Labor adjusted gap — Equation (11) and O.12, O.13, O.14, O.15, O.16.
C.28 TFP using labor adjusted gap — Re-construction of C.7, using C.27.
C.29 Export deflator — O.18/O.20.
C.30 Import deflator — O.17/O.19.
C.31 Terms of Trade — C.30/C.29.

Sectoral
C.32 Constant Labor — Re-construction of C.45, using labor from 2002.
C.33 Constant wages TFP — Re-construction of C.26, using C.47.
C.34 Constant labor (sector) TFP — Re-construction of C.27, using C.32.
C.35 TFP using labor adjusted — Re-construction of C.28, using O.24 and O.25.
C.36 Capital Investment by sector, deflated — O.26 x O.8 / O.5.
C.37 Repair Investment by sector, deflated — O.27 x O.8 / O.5.
C.38 Total investment by sector — C.36+C.37.
C.39 Capital per sector — First period, average of three initial investments divided by C.22;
from then on, using C.21 x (1-C.22) + C.20.
C.40 Sectoral depreciation rates — Such that average of (C.37/C.39) + common term = C.4.
C.41 Labor share per sector — average of O.25/C.43.
C.42 TFP per sector — Re-construction of C.7, using O.24, O.21, C.39, C.41.
C.43 GDP nominal — Combination of O.22 and O.23.
C.44 Sectoral deflator — C.43/O.23
C.45 Wages — O.25/O.24.
C.46 Real Wage — C.45/O.5 x O.8.
C.47 Constant Wage — Re-construction of C.45, using salaries from 2002.
C.48 Adjusted labor without manufacturing and mining — O.2 x fraction of employment not in
manufacturing or mining, from O.24).
C.49 Adjusted capital without manufacturing and mining — C.5 x fraction of capital not in
manufacturing or mining, from C.39).
C.50 Adjusted GDP without manufacturing and mining — O.8 x fraction of GDP not in
manufacturing or mining, from O.21).
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C.51 TFP without manufacturing and mining — redoing of C.7 with C.48, C.49 and C.50.

U.S. data
Original
Aggregate
O.28 Real GDP (millions of 2010) — 1970-2014, OECD database.
O.29 Compensation of Employees (millions) — 1955-2014, OECD database.
O.30 Household Compensation of Employees (millions) — 1955-2014, OECD database.
O.31 Household Gross Operating Surplus and Mixed Income (millions) — 1955-2014, OECD
database.
O.32 Net Taxes (millions) — 1955-2014, OECD database.
O.33 Real Gross Domestic Income (millions) — 1970-2014, OECD database.
O.34 Nominal investment in construction (millions) —1970-2014, OECD database.
O.35 Real Gross Capital Formation — 1970-2014, OECD database.
O.36 Male employment (thousands) — 1981-2014, OECD database.
O.37 Female employment (thousands) — 1981-2014, OECD database.
O.38 Gender wage gap (%) — 1981-2014, OECD database.
O.39 Employment (thousands of workers) — 1956-2014, OECD database.
O.40 Annual hours (units) — 1956-2014, OECD database.
O.41 Male average hours worked (units) — 2003-2014, Bureau of Economic Analysis.
O.42 Female average hours worked (units) — 2003-2014, Bureau of Economic Analysis.
O.43 Population 15-64 — 1954-2014, OECD database.
O.44 Nominal GDP (millions) — 1970-2014, OECD database.
O.45 Nominal Gross Capital Formation (millions) — 1970-2014, OECD database.
O.46 Nominal Consumption of Fixed Capital (millions) —1954-2014, OECD database.
O.47 Imports, nominal — 1970-2014, OECD database.
O.48 Exports, nominal — 1970-2014, OECD database.
O.49 Imports, real — 1970-2014, OECD database.
O.50 Exports, real — 1970-2014, OECD database.

Sectoral
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O.51 Gross capital formation per industry, real — 1970-2014, OECD database, STAN rev 4.
O.52 Labor force by sector (thousands) — 2000-2014, BEA data.
O.53 Wage bill (thousands of dollars) — 2000-2014, OECD database, STAN rev 4.
O.54 Value Added per sector, nominal — 2000-2014, OECD database, STAN rev 4.
O.55 Value Added per sector, real — 2002-2014, OECD database, STAN rev 4.

Constructed
Aggregate
C.51 TFP with 0.25 capital share — Re-construction of C.71, using   0.25 .
C.52 TFP with 0.4 capital share — Re-construction of C.71, using   0.4 .
C.53 Real investment without investment in buildings — (O.45-O.34) x O.28/O.44.
C.54 Capital without investment in buildings — Re-construction of C.67, using C.53.
C.55 GDP without investment in buildings — O.28 x (1-O.34/O.44).
C.56 TFP without investment in buildings — Re-construction of C.71, using C.54 and C.55.
C.57 Capital using real investment — Re-construction of C.67, using O.35.
C.58 TFP using capital with real investment — Re-construction of C.71 using C.57.
C.59 Constant gap TFP — Equation (9), C.71, C.64, O.36, O.37, O.38, O.41, O.42.
C.60 Constant labor (gap) TFP — Equation (10), C.71, C.64, O.36, O.37, O.38, O.41, O.42.
C.61 Labor adjusted gap — Equation (11) C.71, C.64, O.36, O.37, O.38, O.41, O.42.
C.62 TFP using labor adjusted gap — Re-construction of O.36, O.37, O.38, O.41, O.42.
C.63 CFC/GDP — O.46/O.44.
C.64 Labor Share — average of 1 – (O.29 – O.30) / (O.44 – O.30 – O.31 – O.32).
C.65 Real Investment (millions) — O.45 x O.28/O.44.
C.66 Depreciation rate — Equation (4), O.28, C.63 and C.67.
C.67 Capital — Equation (3), (5), O.28, C.64, C.65.
C.68 Export deflator — O.48/O.50.
C.69 Import deflator — O.47/O.49.
C.70 Terms of Trade — C.69/C.68.
C.71 TFP — Equation (2), and O.39, O.28, C.64, and C.67.
C.72 RPPI — Re-construction of C.71, using O.33 instead of O.28.
C.73 RPI — C.72/C.71.
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Sectoral
C.74 Real Wage — C.84/O.52 x O.28.
C.75 Sectoral deflator — O.54/O.55.
C.76 Constant Wage — Re-construction of C.31.
C.77 Constant Labor — Re-construction of C.32.
C.78 Constant wages TFP — Re-construction of C.33.
C.79 Constant labor (sector) TFP — Re-construction of C.34.
C.80 TFP using labor adjusted — Re-construction of C.35.
C.81 Labor share per sector — average of O.53/O.54.
C.82 Capital per sector — Using C.81, O.51 and C.40.
C.83 TFP per sector — Re-construction of C.42, using C.82, C.81, O.55, O.52.
C.84 Wages — O.53/O.39.
C.85 Adjusted labor without manufacturing and mining — O.40 x fraction of employment not in
manufacturing or mining, from O.52).
C.86 Adjusted capital without manufacturing and mining — C.67 x fraction of capital not in
manufacturing or mining, from C.82).
C.87 Adjusted GDP without manufacturing and mining — O.28 x fraction of GDP not in
manufacturing or mining, from O.55).
C.88 TFP without manufacturing and mining — redoing of C.71 with C.85, C.86 and C.87.
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