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Abstract

This paper measures the size of the stock of intangible capital in Canada using
newly released data on the market value of all securities in the economy. The approach
taken relies on a quantitative application of the q-theory of investment to generate the
quantity of capital owned by firms. I find that the intangible capital stock accounted
for approximately 30% of overall capital since 1994. Of this, the R&D reported by
national accounts makes up only 23%. These results imply that official Canadian
statistics failed to account for 26% of the value of the capital stock in their 2005 quar-
terly data collection. In addition, I find that the magnitude of the intangible capital
stock is comparable to that reported using a cost approach, confirming the size of the
findings and ascertaining the need to include intangibles in empirical models and in
investment data.
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1 Introduction

Many firms devote resources to the production of capital goods that are not intended for
commercialization but instead are kept in-house. Such capital goods include research and
development expenditures, training expenses, brand equity and organizational change and
development. For reasons explained below, this capital formation is not recorded in national
income accounts. As a consequence, little is known about its overall size. Using newly
released Canadian data, this paper is a first attempt to uncover the magnitude of this
unrecorded capital stock in Canada.

The methodology followed is a quantitative application of the q-theory of investment.
The market value of all firms in the economy is given by the aggregate value of their net
financial liabilities. Assuming that investors price securities rationally, the value of these
liabilities can then be used to infer the overall stock of installed capital inside firms. From
this inferred capital, I subtract that part which is recorded in national income accounts and
back out the unrecorded capital stock. Baily (1981) pioneered this approach by empirically
linking the value of securities to the stock of capital and Hall (2001) applied it using a q-
theory of investment to infer the stock of capital in the U.S. economy. This paper applies
Hall’s approach to Canadian data.

What is this unrecorded capital made of? First, it is important to be clear about certain
concepts. Capital formation is defined as the expenditure on inputs that will not be consumed
by firms in the accounting period. Consumption by firms is the act of using up goods
and services in the current period (United Nations (1998)). These “consumed” goods are
known as intermediate inputs. Capital is then a produced good “that is used repeatedly or
continuously in production over several accounting periods (more than one year)” (United
Nations (1998)). A business expenditure that aims to acquire a capital good will be recorded
by national income accounts as capital formation only if it is identifiable and if it involves
the acquisition of a capital good from the market instead of being produced in-house.1 The
requirement of identification is met whenever national income accountants can classify the
expenditure on the item under a well-defined category of products. On the other hand, the

1Software expenditures are an exception. Since 2001, even when produced in-house, software is treated
as capital expenditure (see Statistics Canada (2001)).
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necessity to observe that the item was acquired from the marketplace ensures the existence
of an accurate valuation of the good which is captured by the market price.

Given these two requirements and the definition of capital formation, all capital expen-
ditures by firms which are either non-identifiable or are intended to produce a capital good
in-house do not end up being recorded as capital formation. The convention in national
income accounts is to treat this spending as intermediate consumption expenditure. Conse-
quently, this practice lowers the value added of final produced output and understates the
existing stock of capital in the economy.

Research and experimental development (R&D) expenditures offer a good illustration
of the consequence of this convention. Even though national income accounts incorporate
data on R&D spending, this expenditure is treated as an expense rather than an investment
mainly because of the lack of a market price on the output of R&D activities2. Training
expenses constitute a different example where no data is systematically collected by national
income accounts since it is a difficult good to identify or classify.

Accountants distinguish two categories of capital goods: tangible and intangible. Tangi-
ble capital goods comprise a list of items that have a physical embodiment such as machines,
tools and equipment. On the other hand, intangible capital goods are associated with items
that have a knowledge or informational component such as patents, copyrights and brands.
Since most intangible capital is created in-house with the two characteristics of being difficult
to identify and generally not acquired or sold on the market, most unrecorded capital is often
assimilated to, or completely identified with, intangible capital. This needs not be the case
but it points to natural candidates that would compose the stock of the unrecorded capital
that this chapter identifies. Indeed, the unrecorded capital could, for example, include mis-
measurement of the tangible capital stock. Therefore, equating the unrecorded capital stock
with intangible capital is only an approximation. However, for the sake of exposition, the
terms “unrecorded capital” and “intangible capital” will be used interchangeably throughout
this text.

2Some R&D spending leads to the creation of a patent which will carry a price if commercialized. However,
the market for patents is extremely thin: very few patents change hands. For example, Serrano (2006)
documents that only about 20% of all U.S. patents issued to small innovators (i.e., firms that were issued
no more than five patents in a given year) are traded once or more.
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Why care about these unrecorded intangible assets? In the last few years, there has been
a growing perception among academics and policy-makers that a significant and increasing
part of total business investment is directed towards intangible investment. Intangible invest-
ment is the expenditure on items which have a knowledge component, such as research and
development, training, organizational change, marketing and software. To some researchers,
this phenomenon is “what put the new in the new economy” (Nakamura, 1999), while oth-
ers acknowledge that “although investment in intangible capital is not counted as capital
investment in the national income and product accounts, they appear to be quantitatively
important.” (Bernanke, 2005)

Unfortunately, the lack of systematic statistical information on intangible investment
makes it difficult to directly substantiate this phenomenon, monitor its progress and assess
its importance for growth. Moreover, the difficulty of defining intangibles, given their impal-
pable nature, contributes to an opacity of language and, consequently, to a lack of agreement
on their precise size. Finally, researchers’ various goals in measuring and using intangibles
have led to diverse approaches in evaluating their magnitude, sometimes with conflicting
results.

The current state of omission and mismeasurement of intangible capital has several im-
plications. First, because spending on intangibles is not treated as investment, aggregate
savings and investment may be significantly understated in official statistics. Monetary pol-
icymakers could be misled by such an imprecise picture of the economy in setting interest
rates. Second, resource allocation and investment decisions within firms and across firms in
a given industry become more difficult. Third, fiscal policy can be affected in various ways
such as in the design of a fair tax system. Finally, the lack of good information on intangi-
bles will lead to opaqueness and volatility in capital markets given the increased difficulty of
estimating the future cash flows that some investments will generate.

Notwithstanding, preliminary estimates point to an average investment level in intangi-
bles in the U.S. of 6% of GDP in the early 1990s. By the late 1990s, investments in intangible
capital by U.S. businesses were argued to have been as large as investment in traditional,
tangible capital (Corrado et al., 2005). The picture in Canada is less clear. Baldwin et al.
(2005) note that there are no reliable data in Canada that would give a complete account of
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expenditures on intangible capital.
As detailed below, such a state of affairs can be remedied by taking the indirect approach

of Hall (2001) to measuring the stock of capital. I find that the size of the intangible stock
has been increasing from 1994 to 2001 and averaged 29% of the overall capital from 1994 to
the middle of 2006. The nature of this stock is shown to consist of about 23% R&D capital
with the rest made up of other intangible capital goods. This finding implies that official
Canadian statistics failed to account for $380 billion worth of capital stock in their 2005
quarterly data collection or about 26% of the inferred capital stock. The results obtained
mirror qualitatively the findings of similar approaches conducted for the U.S. and the U.K.
which document a substantial rise in the size of the intangible capital stock up to 2001. The
findings are also in line with the results of Belhocine (2008) who uses a direct expenditure
approach to measure intangible investment in Canada. This cross-method checking of the
findings offers even more assurance about the size of intangibles reported in this paper.

The paper is organized as follows: the next section reviews the related literature, section
3 introduces the model, section 4 describes the data, section 5 presents the empirical results,
section 6 outlines the sensitivity analysis conducted to assess the robustness of the findings
and section 7 concludes the paper.

2 Relationship to related literature

The literature review will focus on those papers that look at the economy as a whole, as
opposed to only one segment, and that attempt to account for the sum of all types of
intangible capital goods3.

At the root of most investigations into the level of intangible investment lies a dissatisfac-
tion with the practice of national income accountants in treating expenses on intangibles as

3There is a large literature in the field of Industrial Organization which aims at uncovering the size or the
value of some of the components of the intangible capital stock. These papers typically use panel or survey
data which cover short periods of time or just some portions of the economy. The focus of this research
strand is on industry dynamics as exemplified by their focus on firms’ entry, exit, mergers and the dynamic
of life and growth of population of firms or plants. Two indicative studies are the papers of Atkeson and
Kehoe (2006) for the U.S. and Baldwin and Gelatlly (2006) for Canada. The first paper focuses on the
measurement of organizational capital for a panel of plants in the late 1980s and covers two years. The
second paper investigates the expenditures of a set of Canadian firms on organizational change using survey
data.
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operating costs. Given that intangibles are assets, they should be capitalized because they
are not entirely used up in the production of final output. In this way, they ought to be
treated as investment instead of being expensed as intermediate consumption goods (Naka-
mura, 2003a and Corrado et al. 2005.). Nakamura (1999) and Corrado et al. (2005) attempt
to calculate the size of intangible capital investment using a similar approach. Corrado et
al. (2005) identify a list of intangible items and investigate different data sources to inform
the investment of U.S. firms on intangible capital goods. They show that by the end of the
1990s, the size of the investment in intangible capital was as big as the size of the investment
in physical capital.

Hall (2001) and McGrattan and Prescott (2005a) rely on the unmeasured levels of intan-
gible capital to rationalize the rise in the stock market in the late 90s in the U.S. and in the
U.K. Hall (2001) shows that the rise in the stock market coincides with an ever increasing
accumulation of intangible capital. McGrattan and Prescott (2005a) are able to rationalize
the size of intangible investment found in Corrado et al. (2005) while using the change in
tax regulations to explain the different performance of the U.K. and the U.S. stock markets.
McGrattan and Prescott (2005b) show that by explicitly accounting for intangible capital,
one can explain the productivity paradox. In particular, they argue that GDP in national
income accounts is undervalued because of the expensing of intangible investment which
ultimately created a downward bias in the estimates of productivity in the early 90s.

The paper of Eliades and Weeken (2004) applies Hall’s methodology to the U.K. These
authors find no trace of intangible capital for the U.K. before 1990 but reach the same
qualitative results as Hall (2001) for the late 90s.

To the best of our knowledge, no studies to date have attempted to give a macroeconomic
account of the overall stock of intangible capital in Canada.

3 Methodology
3.1 A quantitative approach to the q-theory

The model is a standard neoclassical model of investment as developed in Hayashi (1982).
It ultimately relates the value of securities to the value of installed capital which then allows

5



to back out the unobserved quantity of installed capital.4

There is perfect competition in input and output markets. The production function is
homogeneous of degree one in capital, k, and labor, l, and is denoted by F (k, l). Firms
buy capital from the market or produce it in-house. The problem of the firm is to choose
the optimal level of labor and investment so as to maximize the net present value of future
profits subject to the technology of investment accumulation, the starting level of capital
and the non-feasibility of Ponzi schemes:

max
{xs,ls}

vt =
∞∑
s=t

( 1
1 + r

)s−t

{F (ks−1, ls)− wsls − xs − C(xs, ks−1)} (1)

s.t.

ks−1 (2)

ks = (1− δ)ks−1 + xs (3)

lim
T→∞

( 1
1 + r

)T

vs+T = 0 (4)

where k stands for capital stock, x for investment, δ for the depreciation rate, l for labor, r

for the real interest rate, w for the real wage rate and C(.) for the adjustment cost function.
The value function vt is the net present value at time t of future payout to securities’ holders.
Indeed, after the firm pays inputs their due, the left over income is paid to owners. Their
ownership materializes through the possession of titles in the form of securities. Hence, vt is
also the value of the firm.

It is assumed that there is perfect substitutability between the recorded investment by
national income accounts and the unrecorded investment i.e.,

xs = xRecorded
s + xUnrecorded

s . (5)

Note that the unrecorded investment consists of the sum of both in-house produced capital
goods (for example, training expenses that goes into producing human capital inside the firm)
and the externally acquired capital goods. The latter are nevertheless expensed because of

4The empirical performance of the q-theory of investment appears to be decent but not more (see Caballero
(1999) for a survey). The belief here is that past tests of the theory suffered from specification problems
by not taking into account the investment of firms in intangibles (Hall (2004) pp.914-915 provides a related
discussion.) Moreover, the exercise in this paper is not intended to test the theory but instead to explore its
quantitative implications.
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the convention in national accounts of expensing all intangible capital goods (the purchase of
a patent for example). Notice also that this approach is not intended to explain the reasons
for the firm’s choice to not commercialize the in-house produced capital good. As such, there
is no inherent difference between a capital good bought from the market and a capital good
produced in-house; perfect competition will ensure that they both have the same price.

The Lagrangian L at time t is given by

Lt =
∞∑
s=t

( 1
1 + r

)s−t

{F (ks−1, ls)− wsls − xs − C(xs, ks−1) − qs[ks − (1− δ)ks−1 − xs]} (6)

where q is the Lagrangian multiplier or the shadow price of an additional unit of capital.
The first order conditions are

∂Lt

∂xs
: qs = 1 + Cx(xs, ks−1) (7)

∂Lt

∂ls
: ws = Fl(ks−1, ls) (8)

∂Lt

∂ks
: qs(1 + r) = Fk(ks, ls+1)− Ck(xs+1, ks) + (1− δ)qs+1 (9)

∂Lt

∂qs

: ks = (1− δ)ks−1 + xs. (10)

Note that bubbles in the shadow price of capital are ruled out, i.e. limT→∞(1+r)−Tqs+T =
0. Equation 7 illustrates the equality of the lifetime return to increasing capital by one unit
with its marginal cost given by the price of a unit of capital plus the marginal adjustment cost
of installing this unit of capital. This equation determines the optimal investment amount
to be chosen by the firm. Equation 8 states the usual equilibrium condition for the labor
market whereby the real wage is equal to the marginal product of labor. Equation 9 shows
the dynamic equilibrium equation of the q with its continuation value. Finally, Equation 10
recasts the investment technology constraint.

Following Hayashi (1982), the adjustment cost function is quadratic and displays constant
returns to scale:

C(xt, kt−1) = α

2

(
xt

kt−1

)2

kt−1. (11)

where α is the adjustment cost parameter. Its exact meaning will be explained below. As-
suming s = t and substituting this cost function into the first order condition that described
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the equality of the q with the marginal cost of augmenting capital by one unit, we obtain
the following equation:

xt = 1
α

(qt − 1)kt−1. (12)

This is known as the investment equation since it relates the behavior of investment to
the shadow price of capital qt. Investment is positive when the lifetime return to increasing
capital by one unit exceeds its price. This equation has limited empirical use since qt is by
definition a shadow price and therefore, it is unobservable.

Hayashi (1982) showed that by combining all the first order conditions with the no-Ponzi
scheme constraint, the value of the firm vt would be equal to the value of the installed capital
ktqt. This finding combined with the first order condition of the equality of the q with the
marginal cost of increasing capital by one unit results in a recursive system of the form:{

vt = ktqt

qt = 1 + Cx(xt, kt−1) ⇔ xt = 1
α

(qt − 1)kt−1
(13)

This approach is introduced in Hall (2001). The system of two equations can be solved
for the pair (kt, qt) at each t given vt and kt−1. To obtain an explicit solution, rewrite the
investment equation as

xt = 1
α

(vt

kt
− 1)kt−1. (14)

Substituting the investment term xt by the capital accumulation expression and re-
arranging, we obtain the following quadratic equation:

αk2
t + [1− α(1− δ)]kt−1kt − vtkt−1 = 0 (15)

Hall (2001) shows that a unique solution exists for a general convex cost function with
constant returns to scale. This equilibrium is stable and is therefore not sensitive to initial
conditions in the long-run. The positive root expresses the law of motion of the capital
stock5:

kt = 1
2α

(
[α(1− δ)− 1]kt−1 +

√
([1− α(1− δ)]kt−1)2 + 4αvtkt−1

)
. (16)

All variables are observable and vt is a sufficient statistic to back out the stock of capital
in the economy. kt is therefore the endogenous variable to be calculated at each point in

5Since a capital stock is a positive quantity, the negative root is meaningless in this context.

8



time. Notice here that at every t, kt = kRecorded
t +kUnrecorded

t . kRecorded
t is the observed capital

stock constructed from national income accounts by cumulating the recorded investment
xRecorded

t overtime.

3.2 Empirical strategy

The parameters in the law of motion of the capital stock need to be specified. For the sake
of comparison, the same parameters as those in Hall (2001) are used. These are also used
by Eliades and Weeken (2004). Section 6 analyzes the impact of specifying different ranges
of parameters on the implied stock of capital kt and further discusses the rationale for the
choice of certain parameter values.

In order to account for irreversibility in investment, it is assumed that the cost function
is piece-wise quadratic :

C(xt, kt−1) =


α+

2

(
xt

kt−1

)2
kt−1 if xt > 0

α−
2

(
xt

kt−1

)2
kt−1 if xt < 0

(17)

where the adjustment-cost parameter α+ (α−) represents the time it takes for the capital
stock to double (halve) when q doubles (halves). To see this, rewrite the investment equation
as

xt

kt−1
= 1

α
(qt − 1). (18)

If q doubles permanently, say from one to two, it will initially cause the investment-capital
ratio to increase by 1

α
. For the investment-capital ratio to double, the increase in 1

α
must be

repeated for α periods. By allowing the downward adjustment-cost parameters to be higher
than the upward adjustment-cost parameter, this asymmetry in the investment decision will
reflect irreversibility of investment.

Hall (2001) cites the work of Shapiro (1986) to justify the choice of a doubling time
parameter of 8 quarters. He also sets the downward adjustment-cost parameter to ten
times higher than the upward adjustment-cost parameter. The depreciation rate of 2.6%
per quarter is used by national income accounts for physical capital. Finally, to start the
iteration on the law of motion of capital, the value of the initial capital stock kt−1 needs to
be set. We will assume that the economy is in a steady-state equilibrium at the pre-initial

9



Table 1: Parameter values
Name Parameter Value Rationale
Upward adjustment-cost α+ 8 Shapiro (1986)
Downward adjustment-cost α− 80 Hall (2001)
Depreciation rate δ 0.026 Hall (2001)
Initial capital stock kt−1 vt−1 Assuming qt−1 = 1 at s = t− 1

quarter, i.e. qt−1 takes its equilibrium value of 1. Since investment will be nil at this pre-
initial quarter, the relationship vt = ktqt implies that kt−1 = vt−1. Because the recursion
was shown to be insensitive to initial condition, this equilibrium assumption is not going to
affect the behavior of the system in the long-run. In fact, the derivative of the capital stock
in 1994 with respect to the initial condition is only 0.1 and dies to 0 soon after. It will be
shown in the sensitivity analysis section that this assumption is inconsequential after the
recursion runs for some quarters6.

Table 1 summarizes the parameter values used and the rationale for the choice of each
value.

4 Data Description

The Canadian system of national accounts is made of three main accounts: the national
income and expenditure account (NIEA), the financial flow accounts (FFA) and the national
balance sheet accounts (NBSA). The FFA reports the flow of assets and liabilities that occur
during a period while the NBSA reports the evolution of the stock of assets and liabilities
overtime. The NBSA can be viewed as an aggregate account statement that merges all
balance sheets of firms, for all sectors of the economy. The financial liabilities that are
reported can be divided into three major categories: shares, bonds and other liabilities
(loans and mortgages, short-term paper, trade payables, life insurance and pensions).

Until recently, the data on the aggregate value of financial instruments given by the NBSA
was available only at book value. Since June 2004, Statistics Canada produces this data at
market value. The data coverage starts in 1990 at quarterly frequency. This represents a

6The focus throughout the text is on the period post 1994 given that the recursion is shown to be invariant
to the initial capital level after 4 years. The results from 1990 and 1994 are therefore not as precise (see
Figure 8 in the sensitivity analysis section.)
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Figure 1: Shares and Bonds in Book and Market Value (in millions)

major improvement in the reporting given that the discrepancy between the historical price
of an asset and its current market value can be substantial, especially for equities and long-
term financial assets. Figure 1 illustrates the difference in the size of shares and bonds when
measured at book value versus at market value.

It is interesting to note that the balance sheet for the U.S. economy reports only equity
at market value and leaves bonds at book value. Hall (2001) manipulates the stock of bonds
at book value to obtain a series at market value. In the end, the two bonds’ series evolve in
the same way as those shown for Canada in Figure 1. This cross-checking with an official
statistical agency is reassuring and highlights that most of the variation in the market value
of firms in the U.S. and in Canada is associated with equity.7

The market value of net financial claims (financial liabilities minus financial assets) is used
as the measure of vt since the value of the ownership claims is a reflection of the installed
capital inside the firm. Indeed, vt was defined as the present value of payouts to securities’
holders. Assuming that investors are rational, it follows that the present value of payouts vt

will equal the value of securities on the market. Since for all t, vt = qtkt, then the value of
securities equals the value of the installed capital stock.

7The financial instruments that constitute “other liabilities” were not displayed on the graph because
their market value is reported to be similar to their book value. This is most likely the case given the
majority of these financial instruments are not traded (for example, loans and mortgages).
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Table 2: Accounting Balance Sheet
Assets Liabilities
Current Assets Current Liabilities

Cash Accounts payable
Accounts receivable Notes payable
Marketable securities Other payables
Inventory

Long-Term Assets Long-Term Liabilities
Land Notes payable
Plant and Equipment Bonds payable

Other Assets Owner’s Equity
Goodwill Equity
Intangible assets Retained earnings

=Total Assets =Total Liabilities & owner’s equity

Notice that vt includes all financial claims towards firms net of financial assets that firms
hold against others. This represents a departure from the way the literature in the q-theory
of investment interpreted vt as covering only equity values or as consisting of equity plus
bonds. This departure is mainly due to the availability of data.

Another way of understanding the equality of vt with net financial claims is to rearrange
the usual accounting balance sheet of a firm, like the one illustrated in Table 28. A firm’s
balance sheet stresses the distinction between assets and liabilities.

The modified accounting framework shown in Table 3 uses the equality of assets and
liabilities to recast the balance sheet into financial assets versus non-financial assets with
the result that the two must be equal. As Table 3 indicates, net financial liabilities serve as
an estimate to the value of the firm’s productive assets vt, for all t. Note that this balance
sheet approach is an identity (accounting convention) while the equality between assets and
liabilities under the q-theory of investment is an equilibrium condition.

When conducting the data analysis, the focus will be on the non-farm, non-financial
corporate sector. This sector is chosen because it is the most amenable to fit the perfectly
competitive framework of this paper. The removal of the farming sector aims to control for

8This exposition is borrowed from Hall (2001).
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Table 3: Modified Accounting Framework
Financial claims Nonfinancial assets
Equity outstanding Plant and equipment
Debt outstanding Land
Value of payables and other Inventories

financial obligations Intangibles

Less equity, debt, receivables, Less nonfinancial assets
cash and other financial claimed on others
claims on others

=Net financial claims =Net value of nonfinancial
outstanding assets

the presence in the overall capital stock of land, a capital input in fixed supply, which there-
fore earns rents. The choice of the corporate sector ensures that securities are continually
priced to reflect accurately new information regarding the value of the capital stock. This
would not be true for the installed capital of unincorporated businesses. Another reason
to focus on this sector is dictated by the fact that the farming sector, the non-corporate
sector and the financial sector suffer from data quality problems. The use of the non-farm,
non-financial corporate sector is not restrictive given that this sector owns around 90% of
the non-residential fixed capital stock in the economy.

In terms of the needs of this study, the NBSA data suffers from two limitations. First,
the data starts in the first quarter of 1990, limiting the determination of the capital stock
to the period post-1990. Statistics Canada plans to publish NBSA tables at market value
starting in 1970 at yearly frequency. Their release was planned for September 2006 but has
been postponed sine die.

The second limitation relates to the composition of the equity data. The valuation
of equity at market value in the NBSA is made difficult by the existence of two types of
shares: listed (quoted) and unlisted (unquoted). Only listed shares have a market value
while unlisted shares are evaluated at book value (Statistics Canada (2004)). As a result,
the reported value of corporate shares in the NBSA does not price all categories of equity
present in the balance sheet of corporations at market value. I report in the Appendix the
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Figure 2: Quantity and Shadow Price of the Inferred Capital Stock

ensuing data series and I explain how I convert the book value data into market value. A
full description of data sources and data manipulations can also be found in the Appendix.

5 Results

Figure 2 shows the solution to the recursive system with the breakdown of the value of the
installed capital vt into a shadow price qt, represented on the right axis, and an inferred
stock of capital kt, represented on the left axis in log scale. The figure shows a smoothly
increasing inferred capital stock in the economy from 1990 to 2006. The shadow price of
capital is constantly above one, a finding that is representative of many calculations of the
q in the literature 9.

Figure 3 shows the breakdown of the components of the aggregate value of firms. The
difference between the value of securities v and the inferred quantity of capital is reflects the
price q. The shadow price is the variable that absorbs all the volatility in securities values.
The figure also uncovers the size of the unrecorded capital stock (intangibles) by subtracting
the recorded capital stock in national income accounts from the inferred quantity of capital.
Note that there is a smooth pattern of increase of the stock of intangibles from 1992 to 2001.

9See Laitner and Stolyarov (2003) and the references therein.
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Figure 3: Decomposition of the Aggregate Value of Firms (in billions of 1997 dollars)

After 2001, this stock falls to a level comparable to the one in 1998 and increases back after
2003.

The ratio of intangibles to the inferred capital stock averages 29% from 1994 onwards
with a standard deviation of 7.9%. The behavior of this ratio is depicted in Figure 4. The
relative size of intangible capital increases with the rise of the value of securities in the late
90s. It grows from a proportion of 12% in 1994 to a proportion of 41% at the peak of the
value of securities in the last quarter of 2000. With the fall in the value of securities in 2001,
the relative stock of intangible capital falls to reach a proportion of 33% by the end of 2003.
The recent rise in the value of securities is once again accompanied by a rise of the stock of
intangible capital.

The coincidence in the rise of Canadian securities values with the accumulation of in-
tangible capital reflects the slower pace at which the accumulation of the recorded capital
proceeds relative to the pace at which the value of securities rise. The same process works
in opposite direction in the case of a fall in the value of securities. The relative rise of in-
tangible capital in the overall capital stock reflects the increasing reliance of companies on
knowledge capital. This is viewed as a consequence of the information-technology revolution
that started in the 70s (Greenwood and Jovanovic (1999), Hobijn and Jovanovic (2001)).

The proportion of intangibles in the overall capital stock is smaller than the one found
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Figure 4: Ratio of Intangible Capital Stock to the Inferred Capital Stock

in Hall (2001) for the U.S. and bigger than the one found in Eliades and Weeken (2004) for
the U.K. Both papers document a sharp rise in the proportion of intangibles accompanying
a run up in the value of securities in the late 90s. Although Figure 3 shows a comparable
rise for Canada, the sharpness of this increase is actually about half as large as that of the
U.S. The share of intangible capital in the U.S. by the end of 2000 constituted half of the
inferred stock of capital. It is important to note that an extension of the findings of Hall
(2001) to the year 2005 shows a collapse in the relative size of intangibles to levels slightly
below the ones found for Canada in 200510. Both countries experienced the same qualitative
behavior and are seemingly heading to a similar steady-state ratio.

Next, the nature of the unrecorded capital stock is explored. This information will also
help estimate the size of the capital stock for which national income accounts do not collect
any data.

As mentioned in the introduction, there are no available data from national income
accounts on the investment of firms on different types of intangible capital goods. Statistics
Canada collects only data on R&D expenditures. The stock of R&D is calculated using the
perpetual inventory method and is compared with the size of the unrecorded capital. The
procedure is detailed in the Appendix and the results are shown in Figure 5. This figure
depicts the evolution of the R&D stock together with the evolution of the unrecorded capital

10These results can be obtained from the author upon request. No such exercise was conducted for the
U.K.
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Figure 5: The Part of R&D in the Unrecorded Intangible Capital Stock (in billions)

stock. The ratio of the R&D stock to the unrecorded capital stock falls from a level of 43%
in 1994 to a level of 12% by 2000. This proportion grows afterwards to reach an average of
20% between 2001 and 2005. This trend shows that the composition of the intangible capital
stock shifted towards less R&D capital goods.

About 23% of the size of the unrecorded capital is made of R&D capital since 1994 on
average. The rest would be made of the accumulated stock of capital that resulted from
expenditures on training, organizational change, advertising and any expenditure which is
intended to increase future production. Since only 23% of the 29% of unrecorded capital can
be explained, we conclude that Statistics Canada misses about 26% of the overall productive
capital stock in its data collection. This represented about $380 billion in the last quarter
of 2005.

It is possible to compare the results of this approach with the findings in Belhocine
(2008) who uses a direct expenditure approach to measure intangible investment in Canada.
Belhocine (2008) found that the growth of the investment of firms in intangibles between
1998 and 2005 averaged 6.6% per year. On the other hand, backing out the investment in
intangibles from the inferred stock of intangible capital documented above shows that the
similar growth rate is equal to 7.15%. The absolute numbers are hard to compare because
of the extreme volatility which characterizes the investment in intangibles that is backed out
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from the value of securities. However, the average yearly stock of intangible capital implied
by the results of Belhocine (2008) for the period considered is about $365 billions11. This
number is comparable to the average inferred stock of intangibles per year of $387 billions
found in this paper. This cross-checking of the findings is reassuring.

6 Sensitivity Analysis

Three checks for robustness are conducted in this section. It is found that for a range of
depreciation rates, starting values and adjustment costs parameters, the qualitative results
pertaining to the behavior and to the relative size of intangible capital stock are unchanged.
The size of the stock of intangibles does naturally vary depending on the range of investment
adjustment cost and depreciation rates considered.

6.1 Allowing for Different Adjustment Cost Parameters

First, the experiment of removing the asymmetry assumption in the adjustment cost pa-
rameters by allowing α− = α+ = 8 is conducted. The quantity of intangibles and the
corresponding q in the case of symmetry are superimposed on the values obtained with the
baseline model. This result reflects the absence of negative net investment i.e., gross invest-
ment has always, at the very least, kept up with depreciation. In other words, no instances of
decline in the firms’ value have ever provoked discarding of capital. Therefore, the assump-
tion on the relationship between the upward and the downward adjustment cost parameters
is innocuous.

No studies were found for Canada that attempted to estimate the adjustment-cost pa-
rameter involved in increasing the amount of installed capital. In the baseline calibration
exercise, the upward adjustment cost parameter was set to match the finding of Shapiro
(1986). Hall (2004) followed essentially the procedure in Shapiro (1986), elaborating on the
econometrics and using annual manufacturing industry data rather than aggregate data.
He found even smaller adjustment cost parameters, in the range reported by Cooper and

11The procedure to calculate the stock of intangibles is based on the perpetual inventory method. This
approach is similar to the one used to calculate the stock of R&D capital described in the Appendix. The
depreciation rate used is also the same.
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Figure 6: Sensitivity to Various Adjustment Costs of the Ratio of Intangible Capital to the
Inferred Capital Stock

Haltiwanger (2006) for plant level data. Groth and Khan (2007) confirm the results of Hall
(2004) when allowing for investment adjustment costs on top of the capital adjustment costs.
Following these findings, lower adjustment costs were considered in the sensitivity analysis:
adjustment costs of α+ = 6 and α+ = 4 corresponding respectively to an adjustment period
of capital following a shock of a year and half and a year. The implications on the implied
ratio of intangibles to tangible capital levels are shown in Figure 6.

As the adjustment cost parameter decreases, the implied capital stock will increase given
that the firm can now install capital at a lower cost. In particular, halving the adjustment
time will increase the ratio of intangible capital stock to an average of 38% for the period
considered. The high estimate that was assumed in setting α+ = 8 is viewed appropriate
at this stage of the evidence and research on intangibles. Indeed, little is known about the
exact size of the stock of intangible capital and its relative size in the overall capital stock,
which warrants a conservative approach. Further research will provide more guidance on
this matter.

6.2 Allowing for Different Depreciation Rates

There is no information on the depreciation rate of intangible capital in general. However,
estimates of the depreciation rate for R&D capital are available. The Bureau of Economic

19



ªª«ª¬ª«ª«¬ª«®ª«®¬ª«̄ª«̄ ¬ª«°ª«°¬ª«¬

±²²³́ ± ±²²±́ ± ±²²µ́ ± ±²²¶́ ± ±²²·́ ± ±²²̧ ±́ ±²²¹́ ± ±²²º ±́ ±²²»́ ± ±²²²́ ± µ³³³́ ± µ³³±́ ± µ³³µ́ ± µ³³¶́ ± µ³³·́ ± µ³³̧ ±́ µ³³¹́ ±
9%δ =

10%δ =

11%δ =

Figure 7: Sensitivity of the Ratio of Intangible Capital to the Overall Capital Stock to
Various Depreciation Rates

Analysis (1994) estimates the depreciation rate of R&D to be around 11% while the Bureau of
Labor Statistics (1989) uses a rate of 10%. Adams (1990) calculated an annual depreciation
rate for basic research of between 9% to 13%, while Nadiri and Prucha (1996) estimated a
depreciation rate of 12% for industrial R&D. No similar work was found documenting such
rates for Canada. Given that R&D was found to compose only 23% of the overall intangible
capital stock, the depreciation rate to use for the overall intangible capital is not obvious.

Nevertheless, the depreciation rate was allowed to vary between 11% and 9% in accor-
dance with the only evidence available that was just cited. With a depreciation rate of 11%,
the ratio of intangible capital stock to the overall level of capital increases by 3 percentage
points to a level of 32%. Increasing the depreciation rate lowers the inferred capital stock but
lowers even more the physical capital stock which nets out to an increase in the intangible
capital stock. With a depreciation rate of 9%, the intangible capital stock averages 25% of
the overall capital stock. These bounds are shown in Figure 7.

The form of the theoretical law of motion of the capital stock from the model does not
allow the use of a different depreciation rate for the physical capital stock and the intangible
capital. In light of what the aforementioned statistical agencies use, the physical depreciation
rate of 10% applied implicitly on intangibles is ultimately a reasonable level to consider.
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Figure 8: Sensitivity of the Intangible Capital Stock to Various Initial Values

6.3 Allowing for Different Initial Values

In the baseline calibration, the initial capital stock kt−1 was set to equal the level that prevails
when the system is in equilibrium at t− 1. This corresponds to vt−1 or a level equal to $614
billion. Here, the initial capital stock is set to equal the recorded capital stock. In other
words, we assume that at t − 1, the stock of intangibles is zero. The level of the recorded
capital stock is now initially equal to $466 billion. Hence, the initial starting value is lower
than in the baseline model. Figure 8 shows the implied intangible level of capital for both
scenarios. We can see that despite the sizeable difference in starting values, the implied level
of intangibles converges to a common value by 1996, with a similar and almost equal values
starting in 1994. Hence, the pre-1994 downward trend in intangible levels is not accurate
and the estimates are afterwards robust to the choice of a starting value.
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7 Conclusion

In this paper, newly released Canadian data on the aggregate market value of all securities in
the economy was used to calculate the size of the intangible capital stock. It was found that
the stock of unrecorded capital was about 29% of the overall capital since 1994. The accu-
mulation of intangible capital played a bigger role in the rise of the capital stock in the late
90s than the accumulation of physical capital. This relative rise coincided with the increase
in the value of securities. Similar studies conducted for the U.S. and the U.K. reached similar
conclusions on the increasing prevalence of intangible capital. The nature of the intangible
capital stock was shown to consist of 23% R&D capital. The composition of intangible cap-
ital shifted towards less R&D capital goods overtime. Since Statistics Canada collects data
only on R&D capital, it misses about 26% of the overall capital stock in its data collection.
This chapter provided a sense of how much national income accounts underestimated the
stock of capital in times of a shift in the form of capital owned by businesses.

There are many promising avenues for future research. For example, it would be desirable
to extend the model to account for differences that are inherent in the two capital goods.
For example, the model could be enriched by explicitly accounting for the non-rival nature
of most intangible goods and allow for the existence of spillovers. The perfectly competitive
structure and the non-existence of externalities that the model assumed did not allow for
such possibilities. Another avenue that needs further exploration is the impact of the pres-
ence of rents once imperfect competition is introduced. Part of the value of the firm will
then include a portion that is made up of rents. If this portion is large then the baseline
model could be confusing some of the capital accumulation for rent accumulation with the
consequence of underestimating the shadow price of capital. An analogous implication would
be the overestimation of the quantity of capital. I plan to address this issue by extending
the framework of this paper to accommodate for the existence of rents and measure their
economic importance. Finally, the future extension of the data for the period pre-1990 by
Statistics Canada will be very valuable as it will open the door to computing a longer series
of intangibles and explore the consequence of the existence and behavior of intangible capital
on the measures of productivity performance of the Canadian economy.
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Appendix: Data sources and manipulations

The procedure to insure that all shares of the non-farm non-financial corporate sector are
in market value is as follows. First, I obtain the market value of all listed shares from the
World Federations of Exchanges website (http://www.world-exchanges.org/WFE/). This
series represents the market capitalization of the TSX and is available starting January
1995 under the heading “statistics/monthly”. I extend the series backward to 1990 using
the S&P/TSX composite index obtained from CANSIM (series label V122620). Second, I
take the level of shares at book value and market value of all corporations from the NBSA
(respectively the labels V20682659 and V28368658). I obtain the value of unlisted shares
at book value by subtracting the market capitalization of the TSX from the level of shares
of all corporations at market value. I then obtain the value of listed shares at book value
by subtracting from the shares of all corporations at book value the unlisted shares portion
just calculated. Finally, I construct a price index by dividing the listed shares at market
value by the listed shares at book value. I then use this price index to inflate the book
value series of the non-farm non-financial corporate sector. I use it on both the book value
series of liabilities and assets of this sector (given respectively by the labels V20682692 and
V20682673). These two data series are reported in Table 4.

The nominal net market value of securities is obtained by subtracting the value of lia-
bilities series from the value of assets. This amount is deflated by the investment deflator
which is obtained by dividing the gross nominal private investment series (V498927) by the
gross real private investment (V1992271). The resulting series is the variable vt.

The series for the recorded capital stock is calculated by cumulating overtime the quar-
terly investments in fixed capital by the non-farm, non-financial corporate sector taken from
the FFA (V34914) while removing at the same time the depreciated part at each quarter
assuming a depreciation rate of 10%. This investment in fixed capital is deflated each quar-
ter by a deflator obtained from dividing the nominal value of non-residential and equipment
investment series (V498929) by the real value of non-residential and equipment investment
(V1992273) both taken from the NIEA. The initial level of the capital stock is taken to be the
one given in the last quarter of 1961 made of the the summation of the stock of machinery
and equipment (V33216), the stock of non-residential capital (V33215), all taken from the
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Table 4: Financial Assets and Liabilities at Market Value
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NBSA of the non-farm, non-financial corporate sector.
Statistics Canada does not collect data on the R&D expenditure incurred by the non-

farm, non-financial corporate sector. The closest data available for the needs of this study is
the nominal R&D business entreprise expenditure (V617324) collected at yearly frequency.
To calculate the R&D investment of the non-farm, non-financial corporate sector, the relative
investment amounts of this sector in the overall business investment was computed and
used to scale the R&D expenditures data accordingly. The relative investment of the non-
farm, non-financial sector at each quarter was calculated by dividing the investment in fixed
capital of the non-farm, non-financial corporate sector taken from the FFA (V34914) by the
investment in fixed capital by all businesses (V498929) taken from the NIEA. Once the R&D
portion of this sector was obtained, it was deflated by the same deflator used for the stock
of recorded capital, at yearly basis. Finally, the stock of R&D capital was calculated using
the perpetual inventory method12:

Rt = IR&D
t + (1− δ)Rt−1

where Rt is the stock of R&D at time t, IR&D
t is the investment flow in R&D at time t and

δ is the depreciation rate set equal to 10%. The initial stock of R&D in 1963 was calculated
using the formula obtained by backward recursive substitution of the above equation:

R1963 =
(

1 + g

δ + g

)
IR&D

1963

where g is the historical average growth rate of R&D expenditures. It is assumed that
preceding the initial observation, there was a long period of constant investment growth in
R&D of g which is set equal to the average growth rate for the period 1963-2005. In any case,
the stock of R&D obtained in 1990 is not sensitive to these initial starting point assumptions
given the small magnitude of investment in R&D in the early 60s.

12There is a long tradition, prominently described in Griliches (1979), of calculating the stock of R&D
capital as a weighted sum of past expenditures in R&D.
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