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T add intangible capital to a variant of the neoclassical growth model that already features
physical and human capital, and study the implications for international income
differences. I calibrate the parameters associated with intangible capital by using new
estimates of investment in intangibles by Corrado et al. [Review of Income and Wealth 55,
661-685 (2009)] and depreciation rates by Corrado and Hulten [American Economic
Review 100, 99-104 (2010)]. I find that for a given efficiency difference between rich and
poor countries, the model with intangible capital can explain more than double the income
differences of the model without. Put another way, in the benchmark case, differences in
intangible capital account for 14.3% of the observed income differences. I also examine
the role played by intangible capital in versions of the model with barriers to
accumulation. In all the variants that I consider, differences in intangible capital account
for 10% to 22% of the observed income differences.

Keywords: International Income Differences, Barriers to Accumulation, Intangible
Capital, Intermediate Goods

1. INTRODUCTION

Some intermediate goods continue to be useful in production after the first period
of their use. Examples include computer software, output of research and devel-
opment (R&D) activity, advertisement, management’s time spent on promoting a
business, and expenditure on training of workers and managers.! Because most of
the intermediate goods in question are intangible and their benefits extend beyond
the first periods of their use, I shall call the expenditure on these goods investment
in intangibles and the accumulated value of this investment, after appropriate
depreciation, intangible capital.®> Expenditure on these intermediate goods ought
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to be treated as investment because “any use of resources that reduces current
consumption in order to increase it in the future, qualifies as an investment”
[Corrado et al. (2009, p. 66)]. However, in the National Income and Product
Accounts (NIPA) of the United States, expenditure on these goods is treated as
expenditure on intermediate goods and hence not included in gross domestic
product (GDP).? This is a measurement error.

In this paper, I study the implications of correcting this measurement error for
international income differences. I correct the error by treating the expenditure on
the intermediate goods discussed as investment in intangible capital. I then write a
one-sector neoclassical growth model that is very similar to the models in Mankiw
et al. (1992) and Chari et al. (1996), except that it also includes intangible capital.
In this respect the model is similar to the one in Parente and Prescott (1994). I then
ask: how much more of the international income variation can the model explain
when it is augmented with intangible capital?

The answer to this question depends on values of the parameters associated with
intangible capital. To calibrate these parameters one needs, among other targets,
an estimate of the size of intangible investment relative to GDP. Until recently,
no credible estimate of this investment was available. Earlier studies by Parente
and Prescott (1994) and Prescott (1998) implied that the size of this investment
was around 40% and 32% of the GDP. In a couple of recent papers, Corrado et al.
(2009) (from here on CHS) and Corrado and Hulten (2010) provide estimates
of intangible investment in the U.S. economy for the postwar period. To my
knowledge, they are the first to provide careful estimates of intangible investment
and depreciation of intangible assets at the macro level.

The main contribution of the present study is to use the new estimates of
intangible investment and show that when intangible capital is added to a standard
one-sector neoclassical growth model, the multiplier effect of efficiency differ-
ences between rich and the poor countries is much higher. This conclusion is
robust to the inclusion of barriers to accumulation of various types of capital in
the model.

The paper contributes to the vast and still expanding literature on international
income differences. McGrattan and Schmitz (1999) and Caselli (2005) are two
excellent surveys of this literature. The novelty of the present paper is in consid-
ering intangible capital in the production function. Although this has been done
before by Parente and Prescott (1994) and Prescott (1998), when those papers
were written, credible estimates of investment in intangibles and depreciation of
intangible assets were not available. The present paper uses new estimates of the
size and depreciation of these assets and hence offers a more accurate and updated
account of the role of intangibles in explaining international income differences.

Within the literature on international income differences, this paper is related
to the subliterature that tries to answer the question of how much of international
income variation is due to factor accumulation and how much to differences
in efficiency (or total factor productivity, TFP). Important papers in this strand
of literature include Mankiw et al. (1992), Parente and Prescott (1994), Chari
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et al. (1996), Klenow and Rodriguez-Clare (1997), Prescott (1998), Hall and
Jones (1999), Kumar and Russell (2002), and Henderson and Russell (2005). The
literature is still growing: recent contributions include Hulten and Isaksson (2007),
Jerzmanowski (2007), Manuelli and Seshadri (2007), Erosa et al. (2010), Beaudry
and Francois (2010), Boss et al. (2010), Hsieh and Klewnow (2010), and Jones
(2011). This paper differs from earlier studies in that it takes into account all major
sources of factor accumulation. The previous studies focused either on physical
and human capital [e.g., Mankiw et al. (1992), Chari et al. (1996), Klenow and
Rodriguez-Clare (1997), Manuelli and Seshadri (2007), and Erosa et al. (2010)] or
on physical and intangible capital [e.g., Parente and Prescott (1994) and Prescott
(1998)]. By taking all three types of capital into account, the present paper shows
that a simple one-sector neoclassical growth model can explain a lot more variation
in international incomes than previously thought. It also shows that differences
in intangible capital contribute significantly in explaining the observed income
differences.

The paper is also related to the literature on barriers to accumulation and
technology adoption. Notable papers in this literature include Parente and Prescott
(1994, 1999), Hall and Jones (1999), Caselli and Coleman (2001), Eaton and
Kortum (2001), Restuccia and Urrutia (2001), Comin and Hobijn (2004), Ngai
(2004), Aghion et al. (2005), Klenow and Rodriguez-Clare (2005), and Acemoglu
et al. (2006). I add to this literature by quantifying the contribution of various
barriers and showing that although barriers have the potential to explain a large
fraction of the observed income differences, taking intangible capital into account
still makes a difference.

Another important strand of literature argues that poor countries adopt inferior
technologies because, conditional on their factor endowments, it is optimal to do
so. Influetial papers in this literature include Zeira (1998), Acemoglu and Zilibotti
(2001), and Kosempel (2004). More recently, Jerzmanowski (2007) and Sadik
(2008) found empirical support for both type of theories, those based on barriers
to accumulation and those based on the efficient technology hypothesis. In this
paper, I do not explore the efficient technology hypothesis, but leave it for future
research. I comment more on this in the Concluding Remarks.

The paper also makes contact with a recent literature that finds intangible capital
to be important for our understanding of diverse phenomena such as investment
dynamics [McGrattan and Prescott (2010)], effects of openness on development
[McGrattan and Prescott (2009)], productivity [Bontempi and Mairesse (2008)],
and growth [Corrado et al. (2009), Corrado and Hulten (2010), and Hulten (2010)].
The common theme is that intangible capital is important and has become more
SO over time.

However, this paper is inspired by and most closely related to Parente and
Prescott (1994) (PP from here on). They were pioneers in introducing the idea of
unmeasured investments that lead to intangible capital. They were also pioneers in
showing that barriers to the accumulation of intangible capital can lead to sizable
income differences across countries. The present paper, however, differs from PP
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in two important respects. First, the model in this paper includes human capital.
This has important implications, as we shall see later. Second, this paper uses
a different calibration strategy to pin down the parameters related to intangible
capital. Whereas PP use the postwar experience of Japan to pin down the share pa-
rameter on intangible capital, the present paper uses direct estimates of investment
in intangibles, as reported by Corrado and Hulten (2010). In PP the depreciation
of intangible capital is determined by growth in world knowledge. In the present
paper, I use estimates of depreciation of intangible capital as reported by Corrado
and Hulten (2010). The inclusion of human capital and a different calibration
strategy lead to different conclusions. The main conclusion in PP is that barriers to
technology adoption (i.e., to accumulation of intangible capital) are important and
small differences in these barriers can explain most of the cross-country income
variation. The same conclusion does not hold in the present paper because the
calibrated share of intangible capital is much smaller (13% compared to 50-55%
in PP). However, the present paper confirms the general finding in PP that the one-
sector neoclassical growth model can explain much greater income differences
when it is augmented to include intangible capital.

This paper is also in the spirit of Jones (2011). He formalizes the idea that link-
ages between firms through intermediate goods generate a substantial multiplier
effect that magnifies distortions in allocation of resources. In this paper, I also
look at intermediate goods, but focus on those that can be classified as intangible
capital. Hence my focus is on the capital accumulation multiplier when capital
includes intangible assets.

The goal of this paper is to extend and recalibrate the models in PP and Prescott
(1998). Hence I confine myself to a one-sector neoclassical growth model and
explore different variations of it to examine the role played by intangible capital in
explaining international income differences. I also confine myself to a steady-state
analysis and leave the transitional dynamics implied by this model to future work.
I do comment on transitional dynamics in Section 2.3.

The rest of the paper is organized as follows. In Section 2, I present the basic
model, calibrate its parameters, and study its predictions about international in-
come differences. In Section 3, I add barriers to accumulation of various types of
capital to the baseline model and study the implications for income differences.
In Section 4, I examine the sensitivity of my conclusions to changes in various
parameters and targets. I conclude in Section 5.

2. THE MODEL

Consider a one-sector neoclassical growth model with three types of capital:
physical (K), intangible (Z), and human (H).* Time is discrete. The aggregate
production function is given by

Y, = A K Z T — w)HP L0 €))
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where Y; is output, A, is total factor productivity (TFP), 1 — u, is the fraction of
human capital used in production, and L, is raw labor. I assume that TFP grows
exogenously at rate y and all per capita variables grow in the steady state at rate
g, which is defined as ]

g=(l+y) ™ — 1. @)

From this point on, I shall focus on quantities that are stationary in the steady
state. Let y; = Y;/[(1 4+ g)(1 +n)]’, where n is the population growth rate. Let k,,
Z:, and h, be defined in the same manner. Let a = A, /(1 + y)'. With these new
variables, the production function becomes

yi = ak® 2 [(1 = u ), 1% 3)

I next specify the laws of motion for the three state variables: k, z, and i. The law
of motion for physical capital is standard and given by

A+ A+ kg = (1 =8k + xi C))

where §y, is the depreciation rate and x; is investment in physical capital.

There are two popular approaches to modeling the accumulation of human
capital. According to the first approach, human capital accumulation requires
investment in the form of final goods [see, for example, Mankiw et al. (1992) and
Chari et al. (1996)]. According to the second approach, human capital accumula-
tion is time-intensive and hence a fraction of human capital has to be taken out of
production and devoted to the accumulation of human capital. Examples of this
approach include Lucas (1988) and Prescott (1998). I combine the two approaches
and assume that the accumulation of human capital requires final goods as well
as time.> The motivation for this human capital technology is that the quality
of education, as measured by x; (goods invested in the production of human
capital), is important vis-a-vis the quantity of education, as measured by u (years
of schooling). With this technology, the law of motion for human capital is

1+ @) A +mhy = (A = 8)h + (wh)x?, (5)

where §;, is the depreciation rate, u, is the fraction of human capital devoted to
the production of human capital, and x, is investment in the form of final goods
in accumulation of human capital.

The law of motion for intangible capital is similar to the one for physical capital
and is given by

A+ +mz =1 = 8)z + xz, (6)

where &, is the depreciation rate and x; is the investment in intangible capital. To
ensure overall decreasing returns to accumulable factors, I impose the following
restriction on parameters of the model:

1—6,—0, ¢
> 9
05 11—
which simplifiesto 6, + 60, +6, < 1,if¢p + ¢ = 1.6

)
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It is important to note that with the addition of intangible capital, y is no longer
the measured output, as in the National Income and Product Accounts (NIPA).
Instead, it also includes investment in intangible capital. In symbols,

Y =Ym+xg, ®

where y,, is the measured output (as in NIPA) and x, is the investment in intangible
capital. I call y the fotal output and y,, the measured output.

The total output can be used either for consumption or for investment in physical,
intangible, or human capital. Hence the aggregate resource constraint is

Ct = Yt — Xkt — Xt — Xzz- 9)

The social planner chooses the sequence {c;, ki1, Zi+1, it1, Ur }72, given ko,
20, and Ay, to maximize the present discounted value of utility, u(c,). More specif-
ically, the planner’s problem is

o0
max Blu(c,), (10)
{(cr ket zeen, hevr,un) 32y ; !

subject to (3), (4), (5), (6), and (9). I assume CRRA preferences and define the

period utility function as
l—0o

u(c;) = , amn

l1—o
where o is the inverse of the intertemporal elasticity of substitution.”

In the rest of the paper I focus on the steady state equilibrium of the model. The
steady state equilibrium is a set of allocations {c, k, z, , u} such that, given the
constraints, utility is maximized and the steady state variants of (3), (4), (5), (6),
and (9) are satisfied.

When the model is solved for its steady state, the steady state level of output is

y = ba®, 12)

where b is a constant whose value depends on parameters (other than a) of the
model and & (the TFP elasticity of output) is given by

_ -y
(=)= 0= 6:) — p6)

As is well known, the steady state solution implies that if we add another type of
capital to the model, the elasticity of output with respect to capital will increase.
The contribution of the present paper is to quantify this effect and decompose it
to highlight the individual contributions of various types of capital in explaining
international income differences. For international income comparisons I assume
that all the countries are in the steady state. I further assume that technology and
preferences are the same across countries and the only thing that differs is the TFP.

£

13)
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Hence b is the same across countries and output of country i relative to that of
country j is

&

2 (a—> . (14)
Yj aj
In international income comparisons, £ is the key parameter. For a given difference
in the TFPs, a higher value of £ would generate greater income differences. It is
clear from (13) that if 8, is positive, i.e., intangible capital is considered a factor
of production together with physical and human capital, the value of £ will be
larger than when 6, = 0. What is not clear is the magnitude of change in £ due to
the addition of intangible capital to the model. To quantify this effect we need to
calibrate the parameters of the model. This is what I do in the next section.

Before proceeding to calibration, it is instructive to introduce a simple decom-
position of the right-hand side of (14). In each country, in the steady state, the
values of k, h, and z are constant and depend on a and other parameters of the
model. Using this fact and (3), we can rewrite (14) as

i _ <a_> [k,-(a,o ]Ok [z,»(a,») ]91 [h,-(a» ]Oh _ as)
yi \aj/ Lkjapl Lzjlap) ] Lhja))
Note that u does not appear in (15). This is because it depends on other param-

eters of the model than a and those parameters are the same across countries. If
we substitute the steady-state values of k, &, and z into (15), we get

ﬁ 3 (&) <£>9k§ <ﬂ>915 (ﬂ)ahw/(l—df)
Yj aj aj aj aj

Taking logs and dividing by log (y[ /y j) /100 gives

100= B+ 6iEB + 0:6B +0,6¢B/ (1 — ), (16)
~ S—— N—— —_—
dueto TFP dueto K dueto Z dueto H

where B = 100 x log(a; /a;)/log(y;/y;). This decomposition is useful for at least
two reasons. First, it breaks down the income differences into various components,
and one can clearly see the percentage share of each component in explaining
income differences. Second, it makes the results in this paper directly comparable
to those of the other papers in the literature that use similar decompositions.

2.1. Calibration

I calibrate the parameters of the model such that the steady state of the model is
consistent with certain long-run features (targets) of the U.S. economy. I report
the targets and the calibrated parameters in Table 1 and provide details of the
calibration strategy in the Appendix. Of the 12 parameters reported in Table 1, 8
remain unchanged whether we include intangible capital in the model (i.e., assume
that 0, > 0 = x, > 0) or exclude it (i.e., assume that §, = 0 = x, = 0).
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TABLE 1. Calibrated parameter values and targets

Parameter value

Model Full Target
Parameter w/o Z model Target value
g 0.02 0.02 Growth in p.c. consumption 2.34%
n 0.01 0.01 Growth in population 1.17%
B 0.94 0.94 Implied discount rate 5%
o 2.00 2.00 Empirical literature —
O 0.05 0.05 Capital—output ratio 2.46
S 0.05 0.05 See text —
O 0.36 0.32 X/ Ym 0.20
0y 0.29 0.25 Xn/Ym 0.127
) 0.37 0.37 u 0.21
¢ 0.63 0.63 1—v —
8, — 0.22 Estimates in Corrado and —

Hulten (2010)

0, — 0.14 X¢/ Y 0.128
& 2.82 3.51

These parameters are g, n, 8, o, 8¢, 8;, ¢, and . Two parameters take different
values depending on whether we include intangible capital in the model or not: 6y
and 0. When I discuss calibration of these parameters, I also explain why they
are different in the two versions of the model. The remaining two parameters (5,
and 0,) are specific to the model with intangible capital.

According to Heston et al. (2006), from 1950 to 2004, the average population
growth rate in the United States has been 1.17% and the per capita consumption
growth rate has been 2.34%. Hence I set n = 0.0117 and g = 0.0234. I choose
B so that the implicit subjective discount rate is 5%. I choose o to be equal to 2.
This is at the lower end of the range of values used in the literature.®

I choose 6 such that the steady state ratio of investment in physical capital (xy)
to measured output (y,,) is 0.2. I denote this ratio by ¢ (see (A.1) in the Appendix).
Itis important to note that 6, is the share of capital in total output (y). If we exclude
intangible capital from the model (i.e., assume that 6, = 0 = x, = 0), then
y = yn and 6y is equal to 0.36. This is a familiar number in the literature for
the share of capital in output. However, when intangible capital is included (i.e.,
0, >0 = x, >0),y =x,+y, and 0, = 0.36/(1 + 1,) = 0.32, where
t; = x;/yn. Hence, when we compare the share of capital in total output in the
models with and without intangible capital, the share is smaller in the former
because the total output is greater. And the total output is greater because it
includes investment in intangible capital.
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I pick 8, such that the steady state capital-output ratio is 2.46. This target
capital-output ratio is based on the estimates of per capita U.S. capital stock and
real output as reported in Caselli and Coleman (2006, Table A.1, p. 519).

I set §;, (the depreciation rate of human capital) equal to §;. This is a standard
practice in the literature [for example, see Mankiw et al. (1992) and Chari et al.
(1996)]. I shall say more about this parameter in Section 4.

The value of ¥ depends on the steady state value of u, i.e., the fraction of
productive time spent accumulating human capital (see (A.2) in the Appendix).
I assume this fraction to be equal to the ratio of average years of schooling to
the sum of average years of schooling and the time spent in the labor force. The
average years of schooling in the United States in 2000 was 12.25 [Barro and Lee
(2000)]. I assume that the time spent in the labor force is 47 years (i.e., 65 — 18).
This gives u = 0.21.

Tassume ¢ = 1 — . This restriction is required to ensure that the steady state
growth rate of human capital is the same as that of output, physical capital, and
intangible capital. This restriction is desirable, as it ensures, among other things,
that the ratio of human capital to physical capital is constant in the steady state.
In the absence of the restriction, this ratio would approach either infinity or zero,
both of which are unreasonable outcomes. I choose 6, to match investment in
human capital as a fraction of GDP. According to Haveman and Wolfe (1995),
this fraction is 12.7%.° Hence I set ¢, = 0.127.

When we compare parameter 8, for the two versions of the model, we see that
0, is smaller in the model with intangible capital. The reason is the same as for 6.
The share of human capital in total output is smaller in the model with intangible
capital because the total output is greater. And the total output is greater because
it includes investment in intangible capital.

There are two parameters related to intangible capital: §, and 6,. The first,
4., is the depreciation rate of intangible capital. Earlier studies, including CHS,
assumed a very high (around 30%) depreciation rate for intangible capital.'
However, Corrado and Hulten (2010) provide an updated estimate of 21.5%. I use
this updated estimate and later check the sensitivity of my results to changes in
this parameter.'!

The other parameter, 6, is identified by choosing a target for investment in
intangible capital as a fraction of the measured output (see (A.4) in the Appendix).
I denote this fraction by ¢,. Here I closely follow CHS. Their definition of in-
vestment is based on the idea that “any use of resources that reduces current
consumption in order to increase it in the future qualifies as an investment.” They
distinguish between tangible and intangible investments. In the tangible category
they include the usual investments in structures, tools, and machinery. For in-
tangibles, they identify three main categories of investment. The first category is
computerized investment and consists mainly of computer software. The second
category is innovative property, which is divided into two subcategories. The
first subcategory is scientific R&D and consists of the National Science Foun-
dation’s industrial R&D series. The second subcategory is nonscientific R&D,
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which includes revenues of the nonscientific commercial R&D industry, spending
for new product development by financial services and insurance firms, and the
cost of development of new products by the entertainment industry. The third
category is economic competencies. This is also divided into two subcategories.
The first subcategory is brand equity and consists of a fraction of advertisement
expenditure. The second subcategory is firm-specific resources and includes a
fraction of the cost of employer-provided worker training and management time
devoted to enhancing the productivity of the firm.!? According to the estimates in
CHS, average investment in intangibles was 15.7% of the measured output during
the period from 2000 to 2003. Corrado and Hulten (2010) update this number
to 12.8% for the period 1995-2007.'3 T use this latter number as my target for
intangible investment. This gives 6, equal to 0.14.

2.2. International Income Differences

The implications of the model for international income differences depend on
the value of &. I first consider the special case of the model in which 6, = 0,
which implies that x, = 0. When the model is calibrated for this special case,
the value of £ is 2.82. This implies that in order to explain a 40-fold difference
in output between the rich and the poor countries, TFP in the former must be
3.70 times higher (3.70?%? = 40).'4 In other words, in the absence of intangible
capital, the model can magnify a TFP ratio of 3.70 to an output ratio of 40. Here
it is instructive to compare these results with those of some earlier studies. The
parameter estimates in Mankiw et al. (1992) imply a value of £ equal to 2.44. The
calibration in Erosa et al. (2010) implies a value of & equal to 2.77. Hence my
results are very close to those of Erosa et al. (2010). However, it is not the absolute
value of £ that is important for the question of interest. What is important is the
increase in the value of & once intangible capital is added to the model.

Next I calibrate the full model using the target values of x,/y,, and 8, as reported
in Table 1. For the full model the value of £ is 3.51.'% With this value of £ we need
a TFP ratio of 2.86 to explain a 40-fold difference in output (2.86>>! = 40). Recall
that this ratio was 3.70 in the model without intangible capital. One objection to
this comparison could be that the TFP is just a residual. It is not clear how big
the improvement is if this residual drops from 3.70 to 2.86. To respond to this
objection, I compute the income difference generated by the full model using the
TFP ratio of the model without intangible capital. I denote this number by y* to
signify that it is the income of a rich country relative to that of a poor country in
the full model, given that the relative income under the model without intangible
capital was 40. A simple calculation shows that y® = 99 (3.70*%! = 99). In
words, the same TFP ratio that could explain a 40-fold income difference in the
model without intangible capital can explain a 99-fold income difference in the
model with intangible capital. This is one of the main results of the paper, that the
addition of intangible capital to a standard neoclassical growth model more than
doubles the model’s ability to explain cross-country income variation.'®
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TABLE 2. Decomposition of income differences (baseline model)

Percentage income difference Model Model Bils and Klenow*
explained by difference in without Z with Z (2000)

TFP 354 28.5 36

K 359 31.8 34

H 28.7 25.4 30

VA — 14.3 —
Required TFP ratio 3.70 2.86 —

vk 99 —

“This is decomposition (g) in Henderson and Russell (2005, Table 5, p. 1187).

Another way to compare the two versions (with and without intangible capital)
of the model is to use the decomposition defined in (16). The results are in
Table 2. First consider the model without intangible capital (the second column
in the table). The decomposition suggests that 35.4% of the observed income
differences are the direct result of TFP differences. Of the rest, 35.9% are due to
differences in physical capital and 28.7% to differences in human capital. These
numbers are similar to those reported by others in the literature. For example,
Henderson and Russell (2005, Table 5, p. 1188) summarize a few decompositions
from the literature. These decompositions are based on models featuring physical
and human capital. I report one such decomposition in the last column of Table 2.
The results of this decomposition are very similar to mine.

Next consider the full model. The corresponding decomposition is in the third
column of Table 2. It turns out that differences in intangible capital contribute a
nontrivial 14.3% to the observed income differences. In the absence of intangible
capital, this 14.3% is wrongly attributed to TFP and physical and human capital.
Another implication of these decompositions is that the share of TFP in explaining
income differences drops from 35.4% in the model without intangible capital to
28.5% in the model with intangible capital. In other words, factor accumulation
can explain 71.5% of the observed income differences when intangible capital is
included in the model. In the absence of intangible capital, this share is 64.6%.

2.3. Some Other Implications of the Model

In this section I discuss two implications of the model that might be of interest
to some readers. The first is the implication for rates of return to various types of
capital. Here the model of this paper behaves like a standard neoclassical growth
model. The steady state rates of return (net of depreciation) for all three types
of capital are given by (1 + g)°(1 4+ p) — 1, where p is the subjective discount
rate. The calibration of the baseline model implies that this rate of return is 9.97%
[1.02342 x 1.05 — 1]. It should be no surprize that this is higher than the riskless
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rate of return of, say, 5%. As Gomme and Rupert (2007) discuss in some detail,
this is a normal feature of the models calibrated in a similar way.

The second is the implication for transitional dynamics. With the combined
share of the three types of capital in output of 0.71 (6, + 0, +6, = 0.71), the rate
of transition to steady state in this model is slower than the model that features only
physical capital with a share of one-third in output. This implication is an important
departure from PP. Their calibration strategy for 6, is to match the transitional
dynamics of the model to the Japanese postwar development experience. The
calibration in the present paper suggests a slower transition to the steady state,
which is more in line with 2% per annum, as suggested by Barro and Sala-i-Martin
(1992), than what is suggested by the experience of Japan and other Asian miracle
economies.

3. THE MODEL WITH BARRIERS

In this section I extend the model to include barriers to accumulation. Economists
generally agree that various types of barriers hamper the economic performance
of poor countries and if the barriers were lowered or removed, the economies
of these countries would perform much better with the existing resources. Some
examples of barriers include higher relative prices of capital goods [Restuccia and
Urrutia (2001) and Hsieh and Klenow (2007)], vested interests that obstruct the
adoption of new technologies [Parente and Prescott (1994, 1999, 2000)], and the
poor quality of institutions [Hall and Jones (1999) and Acemoglu et al. (2005)]."”

I incorporate barriers into the model in the same way as Parente and Prescott
(1994) did. The only difference is that they introduced barriers to the accumulation
of intangible capital alone, whereas, in line with the recent literature and for some
other reasons that I explain later, I add barriers to the accumulation of all three
types of capital in the model. The main advantage of using barriers in PP’s way
is that one can use a one-sector model to do what would otherwise require a
multisector model. I comment more on this subsequently.

The first barrier that I consider is a barrier to the accumulation of physical
capital in the spirit of Restuccia and Urrutia (2001). There is sufficient evidence
in the literature that price of investment goods relative (to that of consumption
goods) is higher in poor countries [Restuccia and Urrutia (2001) and Hsieh and
Klenow (2007)]. I model this by rewriting the law of motion for physical capital
as

A+ )1+ nYky = (1 — Sk, + 22, a7

X

where 7, is the price of investment goods relative to that of consumption goods.
The interpretation of 7, is as follows. Suppose 7, = 2. This means that we need
two units of consumption goods to produce one unit of capital good. Here we see
why this methodology is attractive: we are able to incorporate different prices for
consumption and investment goods within the framework of a one-sector growth
model.
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The second barrier that I consider is a barrier to the accumulation of human
capital in the form of fewer years of schooling. The data on years of schooling
compiled by Barro and Lee (2000) show that the average years of schooling in
poor countries are very low compared to those in the rich countries. I model this
barrier by rewriting the law of motion of human capital as

h\V
(491 +mhi = (1= 8)h, + (2=) (18)

where 7, is the barrier to the accumulation of human capital. The interpretation of
m, is slightly different from that of 7, . Suppose ,, = 2. Because u represents the
fraction of total working time spent in accumulating human capital, a reasonable
interpretation of 7, = 2 would be that people wasted half of the time that they
were supposed to spend on learning. There could be many reasons for this. It could
be that schools were too far from where the students lived and hence they spent a
lot of time commuting to school. Schools might remain closed very often because
of political unrest or strikes. Even when the students were in school, they might not
spend all the time on learning because of high rates of teacher absenteeism. They
might also drop out early for various personal or social reasons. These barriers
to accumulation of human capital are assumed to be exogenous; i.e., the decision
makers have no control over them, and even the social planner takes them as given
while solving the optimization problem.

The third barrier that I consider is a barrier to the accumulation of intangible
capital. There is some evidence that the rate of investment in intangibles varies
directly with the standard of living [ Van Ark et al. (2009)]. Hence the poor countries
are likely to make a smaller investment in intangibles than the rich countries do.
I model this barrier in exactly the same way as PP did. The law of motion for
intangible capital is then written as

X
I+ ) +mz = (1= 8)z + =, 19)

where 7, is the barrier to the accumulation of intangible capital.
The introduction of the barriers does not affect the other equations of the model.
When the model with barriers is solved for the steady state, the output is given by

_&v6
y =ba*n %m, TV g 5%, (20)

k X

Note that the exponents on 7’s are all negative: the higher the barrier, the lower
the steady state output. The effect of each barrier on output depends on the size of
the barrier itself, the value of &, the share of the relevant type of capital in output,
and the relevant elasticity parameters. Consider, for example, 7, , the barrier on
accumulation of physical capital. Its effect on output depends on its own size, the
value of &, and the share of physical capital in total output. The effects of barriers
associated with human capital accumulation are slightly more complicated because
human capital is used in production as well as in the accumulation of human capital.
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3.1. International Income Differences

Assuming that there are no barriers in the benchmark rich country, i.e., all 7’s are
equal to one in the rich country, the relative output is given by

o (ﬂf nsterl s @D
Vi aj )

where all 7’s refer to barriers in the poor country (i.e., country j). It is obvious
that if one or more barriers in the poor country have numerical values greater
than one, the TFP ratio required to explain the observed income differences will
be smaller in this model than in the model without barriers. In other words, the
barriers are additional sources of income differences. The question of interest,
then, is how big a role does intangible capital play in this extended model to
explain international income differences. Clearly, in the presence of the barriers,
the quantitative effect of intangible capital (and for that matter, of any type of
capital) will be smaller. However, as I show later, it is still nontrivial. Specifically,
when reasonable numerical values are assigned to the barriers, the differences in
intangible capital (and in the barriers to the accumulation of intangible capital)
explain from 10% to 22% of the observed income differences in various versions
of the model.

To study the role of intangible capital in this model, I first consider one barrier
at a time, quantify the size of the barrier by using information from the available
literature, and study the role played by intangible capital in explaining income
differences in the presense of the barrier. I then consider a version of the model in
which all three barriers are present.

Barriers to the accumulation of physical capital (7,,). Given my interpreta-
tion of these barriers as the relative price of investment, the literature has assigned
various values to this barrier ranging from 2 to 3 [Hsieh and Klenow (2007)].
Here I follow Manuelli and Seshadri (2007) and set ,, = 2.73, which is well
within the range in the literature. I set 7, = 7, = 1 for this exercise. The results
are in columns (2) and (3) of Table 3.

The first observation is that this barrier is important and can account for 27.5% to
30.4% of the observed income differences. The second observation is that although
in the presence of the barrier, factor accumulation is relatively less important,
intangible capital can still explain 9.9% of the observed income differences. The
third observation is that the addition of intangible capital affects the relative
contribution of various factors in explaining income differences in nontrivial and
interesting ways. The contribution of TFP is reduced by 5.8% (from 25.7% to
19.9%). The combined contribution of physical and human capital is reduced by
7% (from 46.8% to 39.8%). The contribution of the barrier increases by 2.9%
(from 27.5% to 30.4%). The reason for the decline in the share of TFP is obvious.
However, it is not so obvious why the combined share of physical and human
capital declines and that of barriers increases. The decline in the contribution of
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TABLE 3. Decomposition of income differences (model with barriers)

Assumptions about 7, , 7, and 7,

Ty =273  w, =100 7,=100 7, =273
7, =100 7w, =446 7, =100 7, =446
7. =100 w,=100 7,=200 7, =200

Percentage income Model Model Model Model
difference explained w/oZ w/Z wloZ w/Z wloZ w'Z wloZ wlZ
by difference in (1) 2) 3) 4) 5) (6) 7 (8) )

TFP 257 199 286 224 354 258 188 11.1
K 260 221 289 250 359 288 19.1 124
H 208 17.7 232 200 287 230 152 99
z — 99 112 — 129 — 56
Ty 275 304 —  —  —  — 275 304
T — — 193 213  —  — 193 213
. - - - - 94 — 94
Required TFPratio  2.58  2.08 2.87 229 370 259 200 1.1
yR 85 89 139 109

physical and human capital is due to lower values of 6; and 6;,. I have explained
the reason for this in Section 2.1. The increase in the contribution of barriers is
due to the bigger value of the multiplier reflected in a higher value of £.

Another way to compare the difference that intangible capital makes in the
ability of this model to explain income differences is to compute y* as defined
in Section 2. In this case yR = 85. In words, the same TFP difference that could
generate a 40-fold income difference in the model without intangible capital can
now generate an 85-fold income difference. This is not as high as 99 (which was the
value of yR in the baseline model) because now, even in the absence of intangible
capital, the barrier accounts for a sizable fraction of the income differences. But
still, y® = 85 suggests that when intangible capital in added, the ability of the
model to explain income differences increases by more than a factor of two.

Barriers to the accumulation of human capital (,). According to Manuelli
and Seshadri (2007), the average years of schooling in the richest decile of coun-
tries is 4.46 times higher than that in the poorest decile of countries. According to
my interpretation of the barrier to the accumulation of human capital, this implies
m, = 4.46. For this exercise, I set w,, = m, = 1. The results are in columns
(4) and (5) of Table 3. This barrier accounts for close to 20% of the observed
differences in incomes. Intangible capital, when added to this model, can explain
11.2% of the income differences. In this case y® = 89, which suggests that
intangible capital increases the ability of the model to explain income differences
by more than a factor of two.
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Barriers to the accumulation of intangible capital (7, ). To the best of my
knowledge, no estimates of investment in intangibles by the poor countries are
available. Even if they were, it would be difficult to map the differences in in-
vestment rates into 7, . So I confine myself to a thought experiment. Suppose
that 7, = 2. This implies that the barriers to the accumulation of intangible
capital are such that a two-unit investment in intangible capital leads to a one-unit
gross increase in the stock of intangible capital. The results of this experiment are
reported in columns (6) and (7) of Table 3. Here intangible capital contributes to
income differences through two channels: first, the differences in Z, and second,
the differences in 7 ,_. The total contribution of these two channels explains 22.3%
of the observed income differences. In this case y® = 139, which suggests that
when intangible capital in added, the ability of the model to explain income
differences increases by more than a factor of three.

Barriers to the accumulation of all three types of capital. For this exercise, |
consider all three barriers simultaneously. The motivation for doing so is twofold.
First, if all three barriers are important, it will be interesting to see how they interact
in this model. Second, one might suspect that when all three barriers are present,
they will explain so much more of the variation in income that adding intangible
capital would not make a significant difference. The results of this exercise are in
columns (8) and (9) of Table 3. In this version of the model, the total contribution
of intangible capital to explaining income differences is 15% (5.6% + 9.4%). y®
in this case is 109. Both these numbers are higher than their counterparts in the
baseline model.

To sum up, the barriers to accumulation are an important source of variation in
income across countries. When barriers are present, the role of capital accumula-
tion in explaining income differences is somewhat diminished. Nonetheless, the
intangible capital remains important, despite the barriers. In the various versions
of the model that I have discussed, intangible capital accounts for 10% to 22% of
the observed income differences.

4. SENSITIVITY ANALYSIS

I have shown that the ability of the neoclassical growth model to explain inter-
national income differences is significantly improved when intangible capital is
added to the model together with physical and human capital. In this section I
study the sensitivity of this conclusion to changes in some of the parameters and
targets about which, in my opinion, we have less reliable information than others.
My strategy for analysis in this section is the following. I pick a parameter (or
target), one at a time, and try two different values for it other than the one used in
the main analysis. I then study what happens to the comparison between the model
without intangible capital and the full model at different values of the parameter
or the target.

https://doi.org/10.1017/5136510051100040X Published online by Cambridge University Press


https://doi.org/10.1017/S136510051100040X

INTANGIBLE CAPITAL AND INCOME DIFFERENCES 637

TABLE 4. Sensitivity analysis

Model w/o Z Full model

Sensitivity % explained
parameter or target £,° TFPR," Ep¢ TFPR ¢ yRe by Z
g =

2.0 2.82 3.70 3.51 2.86 99 14.3

2.5 3.56 2.82 4.68 2.20 128 14.8

3.0 4.97 2.10 7.28 1.66 222 15.4
8, =

0.013 5.30 2.00 7.25 1.66 152 14.3

0.046 2.82 3.70 3.51 2.86 99 14.3

0.070 2.51 4.34 3.09 3.30 93 14.3
8, =

0.31 2.82 3.70 341 2.95 87 13.5

0.215 2.82 3.70 3.51 2.86 99 14.3

0.05 2.82 3.70 4.37 2.33 304 19.9
ly =

0.127 2.82 3.70 3.51 2.86 99 14.3

0.086 2.24 5.20 2.72 3.88 89 14.3

0.054 1.93 6.79 2.32 491 85 14.3
W=

0.15 2.82 3.70 3.64 2.75 117 16.4

0.128 2.82 3.70 3.51 2.86 99 14.3

0.100 2.82 3.70 3.35 3.01 80 114
u =

0.15 2.65 4.01 3.28 3.08 95 14.3

0.21 2.82 3.70 3.51 2.86 99 14.3

0.25 3.01 3.40 3.77 2.66 101 14.3
COR =

2.00 2.38 4.72 291 3.55 91 14.3

2.46 2.82 3.70 3.51 2.86 99 14.3

3.00 3.66 2.74 4.69 2.20 113 14.3
p=

0.03 2.14 5.59 2.54 4.28 79 13.3

0.05 2.82 3.70 3.51 2.86 99 14.3

0.07 4.33 2.35 6.01 1.85 170 15.2

“&, = & in the model without intangible capital.

PTFPR, = TFP ratio in the model without intangible capital.
¢&p = & in the full model.

4dTEPR; = TEP ratio in the full model.

¢yR = (TFPRy)¢F.

/In the model without intangible capital, ¢, = 0.

All the relevant numbers are reported in Table 4. The rows in bold show the
parameter (target) values and corresponding values of & and TFP ratios used in
the analysis in Section 2. These are my preferred values.Although I have reported
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the values of £ and the TFP ratio in Table 4, in the sensitivity analysis I shall focus
on two numbers.

The first number is yR. As defined in Section 2.2, it is the income of a rich
country relative to that of a poor country under the full model, given that the
relative income under the model without intangible capital is 40. y® is reported
in the second to last column of Table 4. The main result of this paper is that y®
is 99; i.e., if the model without intangible capital can generate 40-fold income
differences with a certain TFP ratio, the full model can generate 99-fold income
differences with the same TFP ratio. When I change a parameter (or a target) and
yR remains close to 99 or increases above 99, I shall conclude that my main result
is robust to the change in the parameter (or the target). However, if as a result
of the change, yR falls well below 99 (I use yR = 90 as the threshold), I shall
conclude that my main result is sensitive to the change in the parameter (or the
target).

The second number is the contribution of differences in intangible capital to
explaining the observed income differences. This number is reported in the last
column of Table 4. In the benchmark case, this number is 14.3%. Here too, as in
the case of y®, if a change in a parameter (or a target) results in a value of this
number that is higher than or close to 14.3%, I shall conclude that my main result
about the importance of intangible capital is robust to the change in the parameter
(or the target). However, if this number drops well below 14.3%, I shall conclude
that my main conclusion is sensitive to the change in the parameter (or the target).

A quick look at the last two columns of Table 4 shows that in case of a change in
the following four parameters (or targets), y® either increases or does not change
much:'® &, §;,, u, and COR. The percentage of income differences explained by
differences in intangible capital (see the last column in Table 4) is also not much
affected by the given changes in these parameters (or targets). I conclude that the
main result of the paper is not sensitive to the choice of these parameters (targets).
However, I would still like to comment on §y, i.e., the depreciation rate of human
capital.

There is no reliable estimate of §; available. Earlier studies have assumed
different deprecation rates for human capital. Lucas (1988), for example, assumes
zero depreciation. Mankiw et al. (1992) and Chari et al. (1996) assume that the
depreciation rate of human capital is equal to that of physical capital. There is a
large literature that tries to measure the value of human capital in an economy.'”
There are especially quite a few studies on the U.S. economy. However, the results
are all over the place. At one extreme, some studies conclude that the value of
the stock of human capital is the same as or even less than the value of the stock
of physical capital. At the other extreme, some studies find the stock of human
capital to be 20 times as valuable as the stock of physical capital. With such
inconclusive evidence, it is hard to make a precise statement about the relative
size of human capital, which could help us pin down the depreciation parameter.
In the main analysis I have followed Mankiw et al. (1992) and Chari et al. (1996)
and assumed that the depreciation rate of human capital is equal to that of physical
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capital. Another possibility is to look at the percentage of people retiring from the
labor force every year and take this to be an estimate of the depreciation of human
capital. One such calculation gives 8, = 0.013.2° This is one of the alternative
values of §;, that I use for sensitivity checks. Not surprisingly, a lower depreciation
rate leads to a much higher value of £. However, the contribution of intangible
capital is almost the same whether the depreciation rate of human capital is 0.013
or 0.046.

I would like to comment on the other four targets in Table 4, which, when
changed in a particular direction, result in y® < 90. The first such target is §_, the
depreciation rate of intangible capital. If I use the earlier estimate of 31% from
CHS, y® = 87 and intangible capital explains 13.5% of the income difference.
These numbers are smaller than the benchmark but are still high enough so that
our conclusion about the importance of intangible capital still holds. Moreover,
the latter estimates of the depreciation of intangible capital are more reliable, as
they are based on a more refined definition of intangible capital.

The second such target is ¢;. This is the target level of investment in human
capital and was used to calibrate 6;, the share parameter for human capital.
Although small changes in this target do not affect the results much, when I
reduce this target from 0.127 to 0.054 the value of y® drops from 99 to 85. This
suggests that a very low investment in human capital adversely affects the capital
accumulation multipliers and hence the overall ability of the model to explain
income differences. Note, however, that a lower investment target for human
capital does not affect the percentage of income differences that can be explained
by differences in intangible capital. Hence our main conclusion is not sensitive to
changes in this target.

The third such target is ¢, the ratio of investment in intangibles. Following
estimates in CHS, I chose ¢, = 0.128. This is based on their estimates of investment
in intangible capital in the United States during the period 1995-2007. However,
according to CHS, this investment has been rising over time and if we compute
the average for the post-WWII period, it is close to 0.10. It is instructive to see
how the model fares when a lower target for ¢, is chosen. When ¢, is lowered
from 0.128 to 0.10, yR declines from 99 to 80 and the contribution of intangible
capital drops from 14.3% to 11.4%. This is hardly surprising. In fact, the main
point of this paper is that this investment is not too small, and hence, by excluding
intangible capital from the analysis, we omit some of the variation in output
that the neoclassical model is capable of explaining. Nonetheless, even with this
lower target for investment in intangibles, the full model can explain twice as
large income differences as the model without intangible capital. So even if the
investment in intangible capital is as low as 10%, ignoring it in the studies of
international income comparison can distort the relative incomes by a factor of two.

The fourth such target is p, the implicit discount rate. When the implicit discount
rate is reduced from 5% to 3%, y® drops from 99 to 79 and the share of intangible
capital drops from 14.3% to 13.3%. Although the results are not very sensitive
to this change in the value of the implicit discount rate, it is worth some thought

https://doi.org/10.1017/5136510051100040X Published online by Cambridge University Press


https://doi.org/10.1017/S136510051100040X

640 AAMIR RAFIQUE HASHMI

that the addition of intangible capital has a smaller effect when people are more
patient. The reason is that when people are more patient (p is smaller), it is optimal
for the planner to allocate more resources to investment. However, we calibrate
the model to fixed investment targets. Hence when p is smaller, the calibrated
parameters change in such a way that the investment rates remain unchanged.
Specifically, when the implicit discount rate is reduced from 5% to 3%, the share
parameters {6, 6, 6.} drop from {0.25, 0.32, 0.14} to {0.20, 0.27, 0.13} and the
overall multiplier £ drops from 3.51 to 2.54.

To conclude, the main results of this paper are not very sensitive to the choice
of various targets (and parameters) and they still hold for a reasonable range of
these targets.

5. CONCLUDING REMARKS

In this paper I construct a variant of the neoclassical growth model to study its
implications for international income differences. The model features intangible
capital in addition to physical and human capital. The main finding is that the addi-
tion of intangible capital to an otherwise standard neoclassical growth model more
than doubles the model’s ability to account for cross-country variation in income.
Specifically, the same efficiency difference (i.e., the TFP ratio) that generates a
40-fold income difference in the model without intangible capital can generate a
99-fold income difference with intangible capital in the model. I also find, using
a simple decomposition, that intangible capital explains 14.3% of the observed
variation in income. These results are robust to different parameterizations of the
model.

I also examine a version of the model in which countries differ in the size of
barriers to accumulation of various types of capital. The main conclusion from
this exercise is that differences in intangible capital explain 10% to 22% of the
observed income differences.

Given the increasing role of intangible capital in the economy, it is just a matter
of time before we shall have estimates of this type of capital for a number of
countries, including some poor countries. In fact, work in this direction is already
under way. For example, Van Ark et al. (2009) provide estimates of investment
in intangible capital for a set of European countries. Once these estimates are
available for a larger set of countries, we shall be in a better position to examine
the true contribution of differences in intangible capital to differences in inter-
national incomes. In the absence of these statistics, the present study provides
some evidence that intangible capital is important for understanding international
income differences. I hope this evidence will grow stronger with the availability
of more data.

An interesting direction for future work will be to apply the efficient technology
hypothesis to a model with intangible capital. The objective will be to understand
why rates of investment in intangible capital differ accross countries. Is it because
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there are barriers to the accumulation of intangible capital or because it is optimal
for poor countries not to invest in intangible capital.

NOTES

1. Some of these items are clearly services, but for simplicity of exposition I shall call them goods.

2. Human capital is also intangible. However, in this paper I distinguish between human capital
and intangible capital. The reason is that many authors have studied the implications for international
income differences of adding human capital to the models of growth. In this paper, I study the
implications for income differences when intangible capital, as defined earlier, is added to a growth
model that already includes human capital (also see note 4).

3. The only exception is expenditure on computer software, which has been treated as investment
since 1999. However, the U.S. Bureau of Economic Analysis (BEA) is continuing with its efforts to
include intangible investment in its core GDP accounts. An important development in this regard is that
the BEA expects to incorporate R&D investment and investment in artistic originals (mainly motion
pictures and sound recordings) into GDP accounts in 2013 [Aizcorbe et al. (2009)].

4. 1 distinguish between human and intangible capital. Human capital is the result of investments
that are included in GDP but treated as consumption rather than investment. Examples include expen-
ditures on education, health, and upbringing of children. Intangible capital, on the other hand, is the
result of investments that have not been included in the GDP. Instead they were treated as expenditures
on intermediate goods. For a thorough discussion of this concept of intangible capital see Corrado
et al. (2009). The BEA is conducting research to construct measures of the size of human capital in
the U.S. economy. This initiative is separate from the BEA’s efforts to measure intangible capital as
defined in this paper.

5. For further details on this human capital technology, see Erosa et al. (2010) and Manuelli and
Seshadri (2007).

6. When I calibrate the parameters, I ignore this restriction and choose the parameters to match
the targets. I then check whether the calibrated parameters satisfy the restriction. For the results that I
report in this paper, the restriction is never violated.

7. In (10), B is the modified discount factor. Given CRRA preferences, § is equal to B +n)(1+
2)'77, where B is the discount factor.

8. See Ljungqvist and Sargent (2004, p. 426) for a discussion of the value of o.

9. This includes private as well as public expenditure on children aged 0—18. For details, see Table
1 in Haveman and Wolfe (1995).

10. Also see Table 3 in Aizcorbe et al. (2009) for depreciation rates used in studies that attempt to
measure intangible capital in some other countries.

11. The calibration in PP implies a 3% depreciation in intangible capital. If I use this estimate, the
main conclusion of the paper will be strengthened greatly (see, for example, the row corresponding
to §; = 0.05 in Table 4). However, I use the depreciation rate given in Corrado and Hulten (2010)
because it appears to be more realistic given the type of investments included in intangible capital.

12. For further details see CHS.

13. This estimate is much lower than the 40% or 32% implied by Parente and Prescott (1994) and
Prescott (1998). I also used PP’s strategy to calibrate the share of intangible capital. This involved
matching the transition dynamics of the model to Japan’s post-WWII real output. With human capital
in the model, their strategy implied an investment in intangible capital of around 20% of the measured
income. This is higher than CHS’s estimate but much lower than the 40% implied by the original
calibration in PP. The reason for not using PP’s strategy to calibrate the share of intangible capital is
that if we choose a different country to match the transition dynamics of the model, the calibrated share
of intangible capital will be different. However, given the direct estimates of investment in intangibles,
we get a unique estimate of the share of intangible capital in output.

14. According to Heston et al. (2006), in the year 2000 the ratio of real GDP per capita of the richest
10% countries to that of the poorest 10% countries was 41.5. In this paper, I round this ratio to the
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nearest 10, and study how big the TFP difference needs to be to explain a 40-fold difference in real
output. Throughout the paper, I shall use the phrase “TFP ratio” to refer to the TFP ratio between rich
and poor countries required to generate a 40-fold difference in outputs. Moreover, the phrase “observed
income differences” in the paper would mean the 40-fold income difference.

15. For international income comparisons, we are interested in the relative measured output, i.e.,
Ymi/Ymj. However, Ymi/ymj = yi/y;. To see this, note that for country i, yu; = yi — Xz = baf —
bxzaf = (b - bxz)af. Likewise, for country j, ymj = (b — bxz)af. Because I have assumed the
same preferences and technology across countries, b and by, are the same in all countries. Hence
Ymi[Ymj = (@i /aj)s = yi/y;.

16. In general, the addition of intangible capital increases the income ratio by a factor of
(a,-/aj)3'51’2‘82 = (a,-/aj)o'ﬁg. It means that if the TFP ratio is greater than 2.73 (2.73%%° = 2),
the addition of intangible capital to the model will more than double the model’s ability to explain
income differences.

17. In these papers, institutions are the prime cause of the different development experiences of
countries. Although the papers are silent on the exact mechanism through which institutions affect
development, they do suggest that the effects of institutions on development are multidimensional, and
one such dimension is their effect on technology adoption. For example, Hall and Jones (1999) write,
“In addition to its direct effects on production, a good social infrastructure (i.e., quality of institutions)
may have important indirect effects by encouraging the adoption of new ideas and new technologies
as they are invented throughout the world,” (pp. 96-97; italics are mine). In a recent paper, Acemoglu
et al. (2007) explicitly model the effects of institutions on technology adoption.

18. In all these cases y® is higher than 90. That means the model can still explain more than twice
as large an income difference as it could without intangible capital.

19. See the survey article by Le et al. (2003).

20. According to the Bureau of Labor Statistics, the total number of those who were employed and
were 16 years of age or more in the United States at the end of the year 2000 was 137.3 million. The
total number of those who were employed and were 55 years of age or more was 18.3 million. I assume
that one-tenth of the 18.3 million retire from the labor force every year. Dividing the estimated number
of retirees by the total number of employed gives 0.013 (1.83/137.3).
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APPENDIX: CALIBRATION STRATEGY

Let
Dii(n, g, B,8:) = Bl(1 + g)(1 +n) — (1 = 4)],
Dyi(n, g, B,8:) = [(1+g)(1+n)— B —3d)],

where i = {h, k, z}. Also, let ; = x>5/ ¥35, where SS in the superscripts refers to steady-
state values. I now describe the calibration strategy in some detail.
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The targets of population growth rate and per capita consumption growth rate match
one to one with parameters n and g. Parameter o is chosen from the empirical literature.
Parameter 8, the modified discount rate, depends on 1, g, o, and B, where 8 = 1/(1 + p)
and p is the implied discount rate. Specifically, 8 = B(1 +n)(1 + g)'~°.

I pick 6, to match the target for ¢,. From the steady state solution of the model,

_ _u D
1+LZ D|k’

O (A1)

because
ﬁ _ xS /e _ k
Y/ Tt
I pick &, to match the target capital-output ratio (COR). Solving (4) for §; at the steady
state gives

3

i =
COR

+1->10+g)(1+n),

where COR= k*/y:*.
I pick ¢ to match the steady state target for u, the fraction of time spent on accumulating
human capital. From the steady state of the model,

Dy

¥o=uSS—=. (A.2)
Dlh
I assume ¢ = 1 — . I pick 0, to match the steady state target for x;/y,,. The steady state
of the model gives

t Doy (1 —u)

- 1+Lz Dlh _MDZh'

On (A.3)
I pick 8, to match the target depreciation rate of intangible capital. Parameter 6, is picked
to match the target investment in intangible capital. The steady state solution of the model
gives
Lz D 2z
o 1+ Lz D 1z .

(A4)
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