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ABSTRACT

This paper constructs a multi-sector model to take explicit account of the very sharp change in the
relative price between non-IT and IT goods. The model is calibrated to the Japanese economy, and
its solution path from 1990 on is compared to Japan's macroeconomic performance in the 1990s.
Compared to the one-sector analysis of Japan in the 1990s in Hayashi and Prescott (2002), our model
does slightly better or just as well in accounting for Japan's output slump and does worse in
accounting for the capital-output ratio. We also show that, to revive a 2% long-term growth in
percapita GDP, Japan needs to direct 10% of private total hours to the IT sector.
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1. Introduction

We live in a world where IT goods, such as computers and communications equipments, are
continuously getting cheaper than the rest of the goods, at a relentless rate. As shown in Figure
1 for Japan, the relative price of IT goods to non-IT goods in 2000 is one-eightieth of what it was

in 1960.!
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Figure 1: Relative Price of IT Goods in Terms of non-IT Goods (year 2000 = 1)

The rapid change in the relative price creates potentially serious problems for the one-good
world of macroeconomics. The Hicks aggregation theorem, which allows a bundle of many
goods to be treated as if it is a single good, is no longer valid. If the relative price of two goods
is not constant, the utility function and the production function must have those two goods
as separate arguments. One could invoke the theory of aggregation of heterogenous capital
goods to have a single variable representing capital in the production function, but that single
index, called the capital services index, is different from the simple sum of the capital stocks, as
Jorgenson and Griliches (1967) first pointed out.

For both the (aggregated) capital stock and the capital services index, the growth rate is a

1See the text below for the definition of non-IT and IT goods and how the relative price is calculated.



weighted averages of the growth rates of individual capital stocks. The weights are the value
shares for the capital stock and the user-cost shares for capital services. The difference can be
substantial when non-IT capital and IT capital are to be aggregated. IT capital’s user cost is
much higher than non-IT capital’s because IT capital depreciates fast physically and in value. If
the stock of IT capital is growing fast, the growth rate of capital services is higher than that of
the capital stock by a substantial margin, even if IT capital’s value share is small. In the growth
accounting typically practiced in macroeconomics, the contribution of capital is measured by the
growth rate of the aggregated capital stock. The TFP (total factor productivity) growth calculated
by the macro growth accounting, therefore, confuses genuine TFP growth with the contribution
of IT capital to the growth of capital services.

Hayashi and Prescott (2002) showed that Japan’s great stagnation in the 1990s is well-
accounted for by the standard neoclassical growth model with a TFP slowdown in the 1990s.
Their one-good model, however, does not explicitly take into account the relentless decline in the
relative price of IT goods. It is possible that the decline in TFP growth, which is the cornerstone
of their analysis, is contaminated by the confusion with capital services and the capital stock.

The purpose of this paper is to do a multi-sector version of the Hayashi-Prescott one-sector
exercise. Besides government, there are two market sectors — non-IT and IT sectors — and the
household sector producing service flows from owner-occupied housing and consumer durables.
By definition, the TFP growth for household and government is zero. In Section 2, we present
our multi-sector accounting system matching this multi-sector model. Our data shows, not
surprisingly, that the TFP growth in the IT sector is much higher than that in the non-IT sector.
We confirm in Section 3 that the TFP growth rate by the macro growth accounting is indeed
higher than the genuine TFP growth, which a weighted average of the sectoral TFP growth rates.
However, the two TFP growths show similar movements, with a marked decline in the 1990s.
Section 4 presents the multi-sector growth model. It distinguishes between non-IT capital and
IT capital in the production function. In Section 5, following Hayashi and Prescott (2002), we
calibrate the model to the Japanese economy in the 1984-89 period and report results from the
simulation of the model from year 1990 on. The multi-sector model does well in accounting for

the output slump of the 90s but less well than the one-sector model for the rise in the capital-



output ratio in the 1990s. The model’s prediction about the long-run output growth depends
on how much resources are directed to the IT sector. If the allocation of hours between non-IT
and IT sectors remains at the (97.2%, 2.8%) breakdown of year 2000, the long-run percapita GDP
growth rate is 1.1%. To raise it to 2.0%, the private labor allocation must move in favor of IT,

from (97.2%,2.8%) to (90%, 10%). Section 6 is a brief conclusion.

2. The Multi-Sector Accounting Framework

The theoretical model to be presented later in the paper is a multi-sector model with two market
sectors (non-IT and IT goods-producing sectors) and two non-market sectors (the household
and government sectors). This section describes how the model’s empirical counterpart, a
multi-sector accounting system, is constructed. Its production account is derived from the 47-
sector system developed in Jorgenson and Nomura (2005) (hereafter, JN).? Its final demand

components, too, are from the KEO Database.

Output and Value Added

Table 1: Value Added at Factor Costs

market production non-market production
non-IT sector (j = 1) IT sector (j = 2) household sector (j = H)  gov’t sector (j = G)
value added Py Yy Py Yoy Pt Yhi PaiYat
non-IT capital cost PyriaeKa Posr12¢Kio PrriarKine PeiriciKic
IT capital cost P11 Kot Poyrani Koot Priroa Kot PeiraciKagy
labor cost WitL1s Wot Lot WatLgt

2t builds on the 43-sector KEO Database, which is a comprehensive productivity database for the Japanese economy
maintained at the Keio Economic Observatory (KEO), Keio University, Japan. It consists of a time-series of input-
output tables and detailed inputs of capital and labor. See Kuroda, Shimpo, Nomura, and Kobayashi (1997) for a
detailed documentation. From the 43 industries in the KEO database, JN separates out three IT producing industries —

computers, communications equipment, and electronic components — to form 47 industries.



By way of establishing the notation, Table 1 shows value added (also called net output in
the productivity literature) at producer prices and their breakdown into factor costs for the
four sectors. We define the IT sector (j=2) as consisting not only of the three IT industries in
JN’s 47 industries (which are computers and peripherals, communications equipment, and elec-
tronic components), but also of computer software. The software sector is defined narrowly as
computer programming and other software services: custom software, pre-packaged software,
own-account software, games, and other software, excluding data processing and other related
information services.’

Real value added of the IT sector, Yy, is the translog index of value added of these four

industries.*

Similarly, we define real value added of non-IT sector Yi; as the translog index
of value added of all the industries except the IT sector, household, and government sectors.
The price indexes of value added at producer prices, Pj; (j = 1,2), are derived by dividing the
aggregated nominal value added by real value added in each sector.

As in JN (Jorgenson and Nomura (2005)), the household sector produces rental service of
owner-occupied housing and consumer durables with no labor input. Those rental services are
consumed by the household sector itself, by definition. Nominal production, Py;Yn:, equals
factor costs, which consist entirely of the user costs of owner-occupied housing and consumer

durables. The government sector produces government service that is consumed by the govern-

ment itself, by definition. The imputed nominal value of government services, P¢;Y s, is defined

3We estimate the output and inputs of computer software sector as follows. In the Japanese 2000 benchmark input-
output table produced by Statistics Bureau, Ministry of Internal Affairs and Communications, production activity of
software sector is not divided from information services (851201), although the commodity of software (8512011) is
separated. We estimate production of the software sector using the activity in 851201. The own-account software is not
included in the production of software (8512011) of the Japanese 2000 benchmark IO table and still is not capitalized
in the Japanese National Accounts by Economic and Social Research Institute (ESRI), Cabinet Office. For output and
inputs of own-account software, we use the estimates in Nomura (2004b).

4In general, let Yj; and Pj; be real value added and the associated price index of sector j in period ¢. The translog
quantity index Y} is defined as

AlnY, =) oy AlnYj,

]
where AlnY; =InY; —InY; 1 and 5 is the two-period average share of sector j’s nominal value added in total nominal

value added.



as capital costs and the value of labor input, where capital costs include not only consumption
of public capital but also total capital service cost of publicly owned capital. Table 2 report
sectoral shares of nominal value added. The imputed prices of value added Pj; for those two
nom-market sectors (j=H,G) are defined by dividing nominal value added by the quantities Y

(j=H,G), which are defined in Equation (2.5) below.

Table 2: Value Added Shares

private G Total

sectoral breakdown of private

non-IT (let) IT (vzyt) H (U}; 2
1960 95.0 89.3 0.8 (0.8) 10.0 5.0 100.0
1973 94.9 87.5 1.1 (1.0 114 5.1 100.0
1984 93.8 85.7 21 (1.6) 12.2 6.2 100.0
1990 94.1 84.7 27 (1.9) 12.5 59 100.0
1995 93.5 83.7 26 (1.8) 13.7 6.5 100.0
2000 93.2 82.0 33  (2.0) 14.7 6.8 100.0

Note: Shares in percents. Values in parentheses represent shares of IT producing

sector excluding software.

Various capital assets can be divided into two groups, depending on their sectoral origin.
The non-IT capital or asset 1 is those assets produced in the non-IT sector, while the IT capital or
asset 2 are produced in the IT sector.® Since value added is at factor costs, it can be divided into

payments to asset 1 (non-IT capital), asset 2 (IT capital), and labor. We use Uﬁt for the factor share

5In JN, the government and household sectors have intermediate inputs to produce their non-market services. In
this paper, to simplify the production functions, we treat these intermediate inputs as government consumption and
household consumption of non-IT good (i=1) at the final demand, respectively, so that there is no intermediate inputs
for these sectors.

®In JN, the most detailed asset classification has 102 assets. Of those 102 assets, to reflect the definition of the
IT sector mentioned above, the IT capital in this paper is composed of electronic computer and peripherals, wired
communication equipment, wireless communication equipment, other communication equipment, custom software,

pre-packaged software, and own-account software.



of asset i (i = 1,2) and o, for the labor share in sector j (j = 1,2,H,G). So oX_ + oK, + vt = 100%.
jt 1jt 2jt jt

Data on factor cost shares are in Table 3.

Table 3: Factor Cost Shares

non-IT 1T H G

T TR Vi U Uy T Vi Yo VG
1960 437 04 559 34.9 3.0 621 99.9 0.1 33.0 0.3 66.8
1973 412 14 574 40.4 83 514 99.9 0.1 36.8 0.7 625
1984 348 1.8 634 40.5 7.5 52.0 99.5 0.5 39.7 19 585
1990 36.6 3.2 60.2 352 11.8 53.0 99.3 0.7 40.9 25 56.6
1995 31.6 32 653 26.7 113 62.0 98.6 14 39.9 3.5 56.6
2000 299 43 658 296 127 577 97.0 3.0 45.2 3.9 509

Note: Shares in percents. 05t and U]Lt are the cost shares of capital and labor, respectively.

Capital and Labor
Each sector utilizes many different capital assets. At the most detailed level of asset classification,
the real capital stock and capital services are identical. However, when assets are aggregated
into broader classes, the two are not the same, as first pointed out by Jorgenson and Griliches
(1967). The real capital stock is the simple sum (valued at some base year prices) of those assets
that belong to the broader asset class in question, while capital services aggregated over those
assets is an index (e.g., the translog index) constructed from the user costs and the real capital
stocks of those assets. The user costs of capital fully reflect the heterogeneity in productivity
within the broader asset class.

For the 47 sectors, JN calculated the real capital stock and the translog index of capital
services for non-IT and IT assets.” Those quantities are aggregated into our four broader sectors

(j = 1,2,H,G) to obtain the real capital stock and the translog capital services index for the

"The user costs in JN incorporate the Japanese tax structure. The detailed formula is given in Nomura (2004a, ch.3),
where he considers capital consumption allowance, income allowance and reserves, special depreciation, corporate
income tax, business tax, property tax, acquisition taxes, debt/equity financing, and personal taxes on capital gain and
dividend. Nomura (2004a, ch.3) measures effective tax rates and tax wedges, based on estimated before-tax and after-tax

rates of return. This estimate gives the effective tax rate for capital income 7j; in our model.



non-IT and IT assets. For asset i (i=1 for non-IT or 2 for IT) in sector j in period t, we use K

for the real capital stock and K for the capital services index.® The ratio Qf; = K

/ Kijt P which
converts real capital stock into capital services, is called the capital quality in the productivity
literature. It captures the heterogeneity within the asset class mentioned above. Going back to

Table 1, the rental rate 7;j; is defined to satisfy the relationship
PjirijiKijy = nominal value of capital services for asset 7 in sector j. (2.1)

By definition, for any sector j (j = 1,2,H, G), the IT capital stock K3 and IT capital services
K;jt do not include land. Land would be in non-IT capital, but we do not include land in Ky

and Kljt;

see below for how we account for land as non-IT capital. Despite the exclusion of land
from Kjj;, the rental rate r1; of non-IT capital includes land rent.

The labor equivalent of real capital stock is total hours worked. Labor input differs from
hours worked because it is an index of labor inputs of various kinds, distinguished by worker
characteristics such as education. JN calculated total hours worked and the translog index of
labor input for the 47 industries.” We can aggregate those quantities into our four broader sectors
(j = 1,2,H,G). We use Lj for total hours worked in sector j and L;t for the translog index of
labor services. The labor quality Q]L.t (j=1,2,G)is L;t /Lj;. Nominal hourly wage rate in sector j, Wj,

is defined to satisfy

WjLj; = nominal labor costs in sector j. (2.2)

8JN use symbol K for capital services and Z for the real capital stock.
IN utilizes the KEO Database, which classifies workers by sex, age (eleven classes), educational attainment (four
classes for males, three classes for females), employment class (three types: employees, self-employed, and unpaid

family workers), and industry (forty-three). See Kuroda, Shimpo, Nomura, Kobayashi (1997, ch.4) for more detail.



Table 4: Allocation of Capital and Labor

hours worked: Lj; non-IT capital stock: Kyt IT capital stock: Kpjs

private G private G private G
breakdown breakdown breakdown

non-IT IT non-IT IT H non-IT IT H
1960 97.1 991 09 29 85.4 503 0.2 495 146 96.0 93.6 4.6 1.8 4.0
1973 96.0 99.2 08 4.0 83.0 647 06 347 170 97.1 921 7.0 09 29
1984 955 982 18 45 80.7 631 09 360 193 94.1 90.1 7.2 27 59
1990 95.7 975 25 43 80.4 629 16 356 19.6 94.2 881 9.1 28 58
1995 95.9 975 25 41 79.8 625 19 356 202 92.6 839 95 6.6 74
2000 96.3 972 28 37 78.3 620 22 358 217 93.5 794 78 128 65

Note: Shares in percents. Ky excludes land.

Allocation of the capital stock (excluding land) and total hours among sectors are reported

in Table 4.

Productivity

To account for the role of land in the measurement of TFP (total factor productivity), we introduce

a variable, ¢;;, which converts the translog capital services index without land, Kj;, into one
with land for sector j. For each sector, we can define two measures of TFP growth, one (the
“pseudo” TFP growth) that takes neither the capital and labor quality nor land into account (v?)

jt

and the one (the “genuine” TFP growth) that does (v].Tt*). They are defined as

o =AlnYj - ) o5 AInKg - oA InLy, (2.3a)
i=1,2

of = AlnY; - Y o8 AIn(QSKir) - o, Aln gy — oA I (Q4Ly), (2.3b)
i=1,2

where 5{} and z7]L.t are the two-period average cost shares of capital and labor in value added. So

the genuine TFP growth v}T; is related to its pseudo cousin v]Tt as

ol =0l - Z K AInQE, - 0L AIn QL - 5, Alngy. (2.4)
i=1,2



Both versions of TFP growth recognize the heterogeneity in productivity between the non-IT and
IT capital. The genuine TFP growth further takes into account the heterogeneity within each
broad asset class. It also incorporates the labor heterogeneity and the contribution of land.
Quantities of services produced by the household and government sectors are defined as the
translog index of factor inputs in sector j (j=H, G):
AlnYy =Y o8 AIn (QRKix) + 25 A InIn (Q4 L) + 5, Agy, 2.5)
=12

where labor input in the household sector is zero: Ly; = 0.

Tx
jt’

Table 5 reports two measures of TFP growth, v].Tt and v.’, and aggregate TFP growth for the
privete sector. By construction, the genuine TFP growths for the household and government
sectors are zero. The pseudo TFP growths, vﬁ (j=H,G) differ from 0, thanks to the exclusion of
quality change and land. For the two market sectors (non-IT and IT sectors), Figure 2 displays
the genuine TFP growth v{T* (j = 1,2). The rapid IT productivity growth is in stark contrast to
the stagnation of the non-IT sector. As noted in Jorgenson and Nomura (2005), the IT growth
has accelerated in the second half of the 1990s. The dotted line in the Figure is the TFP growth
of the IT sector when software is not included. The inclusion of software, while raising the

value-added share of the IT sector in the 1980s and after as shown in Table 2, pulls down the

TFP growth.
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Table 5: TFP Growth: Two Measures

pseudo TFP genuine TFP
private G private
by sector (v].Tt) by sector (v].T;)
private GDP non-1T 1T H non-IT
1960-73 8.7 25 25 156 (163) 12 05 1.8 19 157 (164)
1973-84 3.4 0.6 06 127 (162) -03 04 0.0 -01 123 (15.9)
1984-90 4.2 1.3 14 69 (121) 01 0.1 0.7 07 58 (11.1)
1990-2000 1.1 -0.1 -03 76 (11.2) -02 05 -0.2 -05 7.0 (10.5)
1990-95 1.1 -0.4 -0.5 34 43) -02 05 -0.7 -09 28 (3.8)
95-2000 12 0.2 -01 118 (181) -01 06 0.2 -02 112 (17.5)

Note: Average annual growth rate in percents. Values in parentheses is TFP growth rates for IT producing sector

excluding software. Land is excluded from non-IT capital in the definition of v].Tt and included in v

Tx
it

Private

TFP growth is the weighted average, over j = 1,2, H, of the sectoral TFP growths, with the weights given by the

value-added shares in Table 2. Private GDP growth is the weighted average, over j = 1,2,H, of the sectoral real

value-added growths, with the weights given by the value-added shares in Table 2. Growth rates in all calculations

are log differences.

20,05 |~ non-IT producing sector

——IT producing sector
------ IT producing sector excluding software

1960 1965

1970

1975

1980

1985

1990

1995

Figure 2: TFP Growth Rate: Non-IT and IT Producing Sectors
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Consumption and Investment

The components of domestic final demand are in Table 6. Household consumes non-IT goods
(Cimr) and own-produced rental services of consumer durables and owner-occupied housing
(Yne). Cipr includes intermediate inputs to household production Yy;. Similarly, Ci includes
intermediate inputs to government production of services Y. The output of the IT sector is not

consumed.

Table 6: Domestic Final Demand

Consumption Investment

H G non-IT ind. IT ind. H G
non-IT goods | P1;Cigr  P1:Cicr Pahay Pyl Pyligr - Piher
IT goods Potlyy Polyye  Potlonr  Patlocy

Hou. service Py Yyt

Gov. service PaiYat

Our estimate of consumption is based on the time-series of input-output tables in the KEO
Database. To define the value at before-tax prices, we deducted net indirect tax from Cyp;. The
consumption tax rate 7. is calculated as the ratio of the total value of net indirect tax to P1;Cip.
Investments are calculated from the fixed capital formation matrix in Nomura (2004a).

Physical depreciation rates 6;j; for asset i in sector j are aggregated from the depreciation
rates for 95 produced assets and 16 consumer durables used in JN. For each asset i (i = 1,2), the
depreciation rate can differ across sectors and over time because the asset composition within
each sector varies. Nevertheless, the aggregated depreciation rates reported in Table 7 are fairly

uniform across sectors, except for the non-IT asset of government, which includes infrastructure.
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Table 7: Depreciation Rates

non-IT capital: 61 IT capital: 62

non-IT  IT H G non-IT IT H G
1960 55 68 52 25 239 246 241 257
1973 68 65 64 28 258 283 241 301
1984 64 65 65 27 281 307 289 315
1990 68 87 68 26 305 313 302 293
1995 65 86 70 26 304 307 291 304
2000 64 89 70 26 306 302 304 310

Note: in annual percentages.

3. Aggregation over Sectors and Assets

We have calculated, in Table 5, the TFP growth for each sector and the private sector as a whole
that takes into account the heterogeneity between the two assets (non-IT and IT capital). In
contrast, the growth accounting in the macro literature (see, e.g., Klenow and Rodriguez-Clare
(2001) and Hayashi and Prescott (2002) (hereafter HP)) is so wedded to the one-sector paradigm
that the aggregate capital input is defined simply as the value of nominal capital stock deflated by
the output deflator. In this section, we apply this “macro” growth accounting to the multi-sector
dataset described in the previous section.

For real private GDP (real aggregate value added) at factor costs, we use the translog index.
That s, let (Pj, Y ;) be the value-added deflator and real value added in sector j (j = 1,2, H) from
our multi-sector dataset. We calculate aggregate real value added Y; as the translog index over
industry value added.!” The growth rate of private real GDP has already been reported in Table
5. The implicit GDP deflator is defined as the ratio of nominal aggregate value-added to Y;.

The solid line in Figure 3 is real GDP per working-age population (the number of persons

aged 20-69) thus calculated from our multi-sector system, detrended at 2% (which has been the

10We also calculated the Fisher chain index and found it to be virtually identical to the translog index.
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Figure 3: Real Private GDP Relative to 2% Trend

long-run growth rate for the leader country (the U.S.) over the past century) and normalized to
100 for 1990. It shows that real private GDP Y; grew much faster than 2% until 1991 but slower
than 2% thereafter. Just to show that the basic picture remains the same, the Figure also shows, in
the dotted line, the similarly detrended official real GDP per worker from the Japanese national
accounts (on the SNA93 basis).!! There are a number of definitional differences between our
GDP and the official Japanese SNA93 GDP: the official SNA93 GDP includes the government
sector while our GDP doesn’t; our GDP is a (translog) chain index while the official GDP is a
fixed-weight Paasche index;!? service flows from consumer durables are included in our GDP,
and so forth. Compared to the official GDP, our measure shows slightly less growth in the 1980s
and a slightly severer slump in the 1990s.

Another macro variable of interest is the capital-output ratio. The macro growth accounting
typically uses the GDP deflator to convert nominal into real. That is, the aggregate capital stock
K} is defined as the ratio of the total nominal value of the capital stocks in sectors 1, 2, and H

to the GDP deflator defined above. So the capital-output ratio K;/Y; equals the ratio of private

1 The SN A refers to the System of National Accounts. The SNA93 is a set of rules and standard for national accounting
recommended by the United Nations in 1993.

12Currently, the official SNA93 chain index is available only since 1994.

14



3.4

aggregated from the multi-sector accounting system

32 vt 1993 SNA

3.0

28

26

24

22
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Figure 4: Capital-Output Ratio

nominal capital stock to nominal output:

K Py Zj:l,Z,H Kijt + Pa Zj:l,Z,H Kajt (3.1)
Yy Yiciou PitYit ’ '

where Kijr is the capital stock of asset i in sector j and Py is the deflator for value added in
sector i (see Table 1). Figure 4 shows, in the solid line, the capital-output ratio thus calculated
from our multi-sector dataset. It shows a 25% rise from 2.62 in 1990 to 3.28 in 2000. The official
capital-output ratio, with the capital stock as well as nominal GDP from the Japanese SNA93, is
the dotted line. It is much lower and shows a much slower rise in the 1990s. The most important
reason for the difference is that the depreciation rates in our multi-sector accounting system are
lower.!?

The macro growth accounting as practiced in HP (Hayashi and Prescott (2002)) is based on

the following identity:

Y B K. \9/=60) 1.
Y _ pvo-o) (_t) (_f) (3.2)
Nt Yt Nt

where N; is the working-age population (persons aged 20-69) and A; is the “macro” TFP defined

13Nomura (2004a, Chapter 2) argues that the depreciation rates in the Japanese SNA are too high. Other reasons include
the following. Our measure of nominal capital stock does not equal the nominal capital stock valued at investment

goods prices. Own-account software and pre-packaged software are included in our measure of the capital stock.

15



to satisfy the aggregate Cobb-Douglas production function:
Y, = A KO LY. (3.3)

Our measure of aggregate labor L, is aggregate hours worked in the three private sectors. Table
8 shows the HP growth accounting applied to our multi-sector dataset with 6 = 0.362 (the
capital share parameter used in HP). Despite the substantial differences in the definition, the
overall picture is the same as in HP: both per capita output growth and the TFP growth slowed
down to less than 1%, the capital-output ratio increased, and labor input declined in the 1990s.
Comparing the “macro” TFP growth (the growth rate of A;) in this table to the aggregate TFP
growth reported in Table 5 (see the column labeled “private” for either the pseudo TFP or the
genuine TFP), we see that the “macro” estimate is biased upward, although the movement over

time is similar.

Table 8: “Macro” Growth Accounting

period % A A}/(l—@) % (%)6/(1—6) kl_tt
1960-73 6.8 4.2 [4.1] 6.7 -0.1 -0.1 0.2
1973-84 2.5 1.1 [0.7] 1.8 22 12 -0.6
1984-90 3.4 19 [24] 3.0 0.4 0.2 0.2
1990-2000 0.5 0.4 [0.4] 0.6 23 13 -14

1990-95 0.1 0.1 [0.3] 0.2 3.3 19 -1.9

95-2000 0.9 0.7 [0.4] 11 12 0.7 -0.8

Note: Growth rates in annual percentages. N; is the working-age popula-
tion (number of persons aged 20-69). Y; is chained real private GDP, L; is
total hours worked in the private sector, K; is real capital stock, and A is
“macro” TFP. See text for the precise definition of Yy, K, Lt, A;. 0 = 0.362.
The numbers in brackets are the aggregate TFP growth rates in Hayashi
and Prescott (2002), calculated from the worksheet downloadable from

http://www.e.u-tokyo.ac.jp/ hayashi/hp/FED_data.xls.
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4. The Two-Sector Growth Model with Consumer Durables

This section presents our theoretical model to be confronted with the data from the multi-sector

accounting system. Main features of the model are the following.

o Consistent with the multi-sector accounting system, there are two market-provided goods
(non-IT goods and IT goods) and two non-market goods (government services and household
services). The IT goods are not consumed. Government services do not enter the household’s

utility function.

e The two market goods (non-IT and IT goods) are internationally tradable. We assume that
the country is small enough not to influence the relative price of IT goods in terms of non-IT

goods. This means that the relative price is exogenous to the model.

o Unlike in HP (Hayashi and Prescott (2002)), where the capital stock includes claims on the
rest of the world, we separate external assets from domestic capital. The time path of external
assets is treated as exogenous. This means that both net income from abroad and net exports

are exogenous to the model.™*

e Unlike in HP, labor supply is exogenous. The sectoral allocation of total labor, too, is ex-
ogenous. We are forced to make this assumption because the market equilibrium is one of
near-complete specialization under the observed relative price if labor is allowed to move

freely between sectors.

We now turn to a more detailed description of the model.

Households

The stand-in household’s utility function is

Z ﬁthu(Clt/ dt)/ ﬁ € (O/ 1)/ (41)
t=0

where N; is working-age population, cy; is per-worker consumption of good 1 (the non-IT good),

and d; is the service flow (from owner-occupied housing and consumer durables) produced by

14Recall from national income accounting that the net increase in external assets equals the current account and that

the current account is the sum of next exports (the trade balance) and net income from abroad.
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the household. If Kj is the quantity of private capital stock i obtained from investment in good
i (i = 1,2), the household sets aside u;;Nd; of it as capital input for producing Nd; units of
household services. These capital input requirement coefficients (u1s, pi2:) depend on the rental
rates of capital (see below). We allow two distorting taxes, the consumption tax (the tax rate: )
and the tax on capital income (7). Labor supply is exogenous to the model, so the tax on labor
is not distortionary and is lumped into the lump-sum tax 7j;. The household’s budget constraint
is
(1 + te)Nierr + [Ky = (1 = 01)Kae] + Pr[Kp 1 — (1 — 02)Koe] + (FA1 — FA)
< wyeLlyy + worloy + weiLgr + [116(Kir — p1eNedy) + Pyroy(Kor — p2eNidy)] (4.2)
= Tie[(r1r — 01)(K1y — peNdy) + Pi(rar — 62)(Kop — u2eNidy)] — e + NI,

where P; is the relative price (the price of good 2 in terms of good 1), §; is the depreciation rate of
asset i, FA; is foreign assets in terms of non-IT goods (good 1), wj; is the wage rate measured in
good 1 paid by sector j, Lj; is labor supply to sector j, r;; is the rental rate for asset i (so the rental
price in terms of good 1 of asset 2 equals P;ry), and NI, is net income from abroad measured in
good 1.1°

In terms of the notation of Tables 1 and 6, Py = Py;/P1, c1t = Cip¢/Nt, dy = Yui /Ny, wjr = W /P1y,
Kiti1 — (1 = 0)Kir = Lt + Lipt + Lige (1 = 1,2), and uiNedy = Kip (i = 1,2). In the data, the rental
rate r;j; depends on sector j because of the asset heterogeneity within the broader asset classes of
non-IT and IT capital, but in the model, which does not recognize this heterogeneity, the rental
rate does not depend on j.

Let B'A;! be the Lagrange multiplier. Being the reciprocal of the shadow price of the budget

constraint, A; measures the wealth of the household. The FOCs (first-order conditions) for

15This budget constraint implies that the household does not pay the consumption tax on purchases of non-IT and IT
goods to be used for household production. If this counterfactual assumption is to be avoided, we would have to treat
those flow of durables purchases separately from investments in the capital stock to be rented out to firms, but that adds
another co-state variable to the system. Our numerical procedure for computing the perfect foresight equilibrium path

cannot handle more than one co-state variable.
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optimality are:

e, (c1r, di) = (L + T) A, (4.3)
ug(crr, dr) = Py}, (4.4)
BIL+ (1= )i = 00)] = 22, (45)
L+ (1= Tz = )] = 5=, 46)
where
Par = [(1 = ie)r1e + TreO11par + Pel (1 = Te)ror + TheO2] s (4.7)

is the imputed price of household services in terms of sector 1 output.!’® The user costs are
(1 = Txe)7rit + TieO; rather than 7, because household production is not taxed.

(4.5) and (4.6) yield

A
v L= B[1+ (1 = ) (i — 01)], (4.8)
Prg 1+ (1= tppr1)(ry 41 — 01)
Py 1+ (1= 1) (o1 — 02)

(Euler equation)

(arbitrage) (4.9)

The first of these two equations will be referred to as the Euler equation because it describes how
the household wealth A; evolves over time. The second equation will be called the arbitrage
condition governing the portfolio of the two assets Kj; and Ky;.

We can solve (4.3) and (4.4) for (ci;, d;) as a function of the consumption tax rate 7., the

imputed price (P4), and the shadow price A;:
(Frisch demands) ¢y = c1(tet, Pas, Ay), dy = d(tet, Pas, Ap). (4.10)

This demand system, with the shadow price A replacing income, is called “Frisch demands”.
Use of Frisch demands enforces the household FOCs (4.3) and (4.4) in the equilibrium conditions.
The input requirement coefficients (u1, ti2) for producing household services can be made

endogenous, as the solution to the cost minimizing problem:!”

min Py s.t. FalpmQNy, pae, QN pior) = 1, (4.11)

16Tt equals Py;/Py; in the notation of Section 2.
17The constraint in the problem can also be written as F;(¢m: Qth p1¢Ndy, Q§Ht t2¢Nids) = Nydy due to constant returns

to scale.
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where F; is a linear homogeneous production function for household services, QX (i = 1,2) is
the capital quality defined in Section 2 to capture the asset heterogeneity, and @y is the factor
accounting for land in asset 1. By definition, there is no TFP growth in household production,

so the production function is stationary. We write the solution as

(1 = Tr)r1e + TheO1 (1 = )11 + T

- S T Ny (412
S Vo CErm e B Vo s ) L.

Firms
The technology of the two market sectors is described by the constant-returns-to-scale production

functions

Y1 = Y1(p1:QX, Kine, Qay Kore, Q5 L1 AL, (4.13)
Yor = Yo (92 Q5 Kiot, Q5 Koot, Q5. Lat; Asy), (4.14)

where Kjj; is the amount of privately-held asset i rented by sector jin date t and A;.t is the level of
technology. The capital quality Qﬁt converts the capital stock into capital services, Q]L.t measures

the quality of labor in sector j, and the factor ¢ accounts for land. The FOCs are

I Iy o dYy Yy _dYy Y

SN _p Pt Otw h gy = P2 415
Ko i f 9K " Koo ot JLy ot oLy (4.15)

The Government

The government collects taxes to finance government expenditure in goods and services (the
sum of government consumption and investment) in two goods, Gi; and Gy, and payments to
hire labor L¢; used for producing government services. The lump-sum tax 7y is adjusted to
meet the government budget constraint. In terms of the notation of Table 6, Gi; = Cigt + Lict
and Gy = I Neither the government production function nor breakdown of government
expenditure between consumption and investment needs to be specified, because it does not

affect the equilibrium of the private sector.
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Market Equilibrium

The market equilibrium conditions are:

(asset 1) Kllt + Kth + HltNtdt = Klt/ (416)
(asset 2) Kot + Koot + paeNidy = Ky, (4.17)
(RC)  Nicyr + [Kyie1 — (1 = 61)Ky] + Pe[Kop41 — (1 = 62)Ko¢]
4.18)
= (Y1t — Gur) + Pr(Yar — Got) — NX;.

Here, the label “RC” stands for resource constraint and NX; is net exports in terms of good 1.

Equilibrium

We can now define competitive equilibrium. Take as given:

e a government policy {Kigt, Kact, Lat, Git, Gat, Tet, Thebyos

(o)

e labor supply to each sector {L1;, Lot};2,,,

o]

e external assets {FA;};7, and net exports {NX;};7,

[

e the relative price (P},

o the capital and labor quality and the land conversion factor {Qgt, Q]Lt, itk 0 =1,2; j =

1/ 2/ HI G)I

* (o)
AZf}tIO'

the technology level {A],,

A competitive equilibrium given an initial condition (Kjo, Kyo) is a sequence of factor prices,
{r1e, 121, w1r, wa}y2 o, the household wealth {A4}}?,, and associated quantities, {Ky 141, K2 1+1, K111, K121,
Kot, Koo}, such that the Euler equation (4.8), the arbitrage condition (4.9), the firm’s FOCs
(4.15), the market equilibrium conditions ((4.16)-(4.18)) are satisfied, where (Y1, Y2) in those
conditions are given by (4.13) and (4.14), c1¢ in the RC (resource constraint) and d; in the asset
market equilibrium condition are given by (4.10), and (uz, p2) in the asset market equilibrium
condition are given by (4.12).

In this definition, the government budget constraint is not an equilibrium condition, because

the lump-sum tax 7y is assumed to meet the constraint. The household budget constraint is
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not included, because it is implied by the government budget constraint, the factor exhaustion
condition that value added equals factor payments (an implication of the linear homogeneity
of the production function and the marginal productivity conditions), the market equilibrium
conditions, and the identity that the increase in external assets, FA;1 — FA;, equals net exports

NX; plus net income from abroad NI;.

Implications of The Cobb-Douglas Technology
In what follows, we assume the Cobb-Douglas form for the production functions. So (4.13) and

(4.14) can be written as

0 2 1-011-0 9 —

Yy = A;t ((Plf QfltKUf) : (Q;J(zu) ! (Qith) T = Aty Kleﬁ Kzeﬁ L}t o 921/ (4.19)
0 0 1-012—-6 Q1o

Yo = A (2 Qi)™ (QKan) ™ (Qhla) ™™ = A K KI5 L7707, a20)

where

Ajt = A*.t ((Pjt Q[ft)ﬁlj (Qgt)ezj ( %)1—91,—62]‘
] j j i

, j=1,2. (4.21)
This shows that, for the Cobb-Douglas technology, the production function can be defined for
the capital stocks, with an appropriate re-definition of the TFP term. The growth rate of A}t is the
“genuine” TFP growth rate, v].Tt*, of Section 2. The above expression of the production function
makes it clear that what matters for equilibrium is the “pseudo” TFP growth rate, v].Tf, which
equals the growth rate of A;; defined here.

We will also assume the Cobb-Douglas form for the household production function F; in

(4.11):
Q. Kupn, QS Karie) = A K Kim) (Q%y Karn) | = AmK), Ko7, (422
a(@utQ; K, Qopy Kont) = Ay (@m:Qq e Kinr (Qth 2HI = At Ky, Koyl (4.22)

where
A = A (o) (Q) - (4.23)

The utility function u(cy;, d;) is linear logarithmic:
u(cyy, dy) = plog(crr) + (1 — p)log(dy). (4.24)

With these functional-form assumptions for household, the Frisch demands (4.10) and the de-
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mand for capital inputs for household production (4.12) become

‘llAt 4 = (1 - ‘ll)At,

(Frisch demands) cu =g o P,

(4.25)

Py =y (1 =) (A = t)rae + ted1)” (Pel(1 = Toe)ras + Teda])' ™ JAms, (4.26)

v
Ky = uyNid; = 1 — u)N A,
1Ht = H1tINedy (L= T + Treds ( N A
1— (4.27)
Kopt = potNdy = Y (1 = WNA,;.

P(1 = Tre)r2r + Ths02]
Thanks to the unit elasticity in both the demand for and the supply of household services, a
change in Ap; does not affect the demand for assets 1;:N;d; in household production. Combining

(4.22), (4.26), and (4.27), we obtain

ParYrir = Pay Ant Ky, Ko = (1= p)NGA, (4.28)

which states that the value (in terms of good 1) of household production does not depend on the

pseudo TFP Ag;.

Detrending

With the Cobb-Douglas technology and the linear-logarithmic preferences, it is possible to trans-
form the system so that it involves only the growth rates, but not the levels, of the TFPs. To this
end, define two trends:

1-03 12 1-01

10 Oy o2
X1t = Altp AZE N;, Xop = Altv AZtv N; with v=1-011 — 02 + 01162 — 0120>1. (429)

Define also lower-case letters as ratios to these trends:

Ki . Kije .. Lie . Yie .
k,‘E— :1,2,k7“E— ,:1,2,5‘5— =1,2), it = 5 =1,2),
t X (i ) jt X (l] ) jt N, (] ) Yijt th (] )
P, o A (4.30)
TR
Xot N

23



A very tedious algebra shows that the equilibrium conditions in terms of these detrended

variables can be reduced to the following set of equations.

X141
At“( Xt )
(Euler) W =B [1+ (1 = tgp1)(riee1 = 61)], (4.31)
t Ti
(arbitrage) Pt (X;Jl) 1+ (1= Tp1)(r1,e01 — 61) 432)
arbitrage = , .
§ pe(22) T T )~ 0)
(production FOCs) 7y = 01 ﬁ, pirar = On &, r1t = O12 s E, rar = Ox &,
ki1 ka1 k2 koo (4.33)
i = K0 K08 1700,y = K02 k2 17000,
Y _
(asset 1) k11t + klzf + (1 — Tkt)rlt n Tktél (1 ‘U)At = kltr (434)
1 —
(asset 2) Ko + koot + 14 (1 - WA = ka, (4.35)

pel(1 = Tie)ros + The02]

()

. X

(z defined) Zpe1 = ki1 + Pt% ko1, (4.36)
(Xz,m )

X141

RC) X1

Zry1
(4.37)

=1 =Yy + p(1 = P2y — I +y At + (1 = 60)kir + (1 = O2)pikar — vi(yar + pryas).-

Tet
Here, (11, P2) is the government share of output for each good and v; is net exports-to-GDP

(excluding household production) ratio:

Gi .
e Y—’: (i=1,2) and v =NX;/(Y1; + DY) (4.38)

The Transition Path and the Steady State
From this set of equations, we can define a first-order dynamical system (k;, k>, A), namely a

mapping from (kis, kpt, At) to (k1 1+1, k241, Ar+1), as follows.

i) Given (kit, ko, At), use eight equations, (4.33)-(4.35) to solve for eight unknowns (714, 2, k11t ko1,
ki2t, kaot, yat, yor). Intuitively, this enforces that the country’s marginal rate of transformation
between the two goods be equated to the world relative price. This step also gives (11, 72¢)

as functions of (ky;, ko, Ar). Write them as: 7y = ri(ky, ko, Ay) (i = 1,2).
ii) Given (ki kot, At, Y1t, Yor), use (4.37) to calculate z41.
iii) Substitute ri;41 = ri(kt41, ko1, Are1) into (4.31) and (4.32). Given the value of z;q ob-
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tained in the previous step, three equations — (4.31), (4.32), and (4.36) — can be solved for

(1,141, ko041, Arr).

The initial condition for the system is that the initial values for the two state variables (ki, k»)
are given. Given an appropriate initial value for the co-state variable A;, we can generate the
solution path using this mapping from (kit, kat, A¢) to (k1 41, ko,p41, Ars1)-

This dynamical system is autonomous (i.e., the mapping from (ki;, kot, A¢) to (ki e1, ko pe1, Atr1)
is stationary or time-invariant) if the forcing or exogenous variables — €1, o1, Xit41/X1s,
Xo,041/Xot, Nes1 /Ny, Tres Tetr Y16, Por, P, and vy — are constant over time. The steady state or
the equilibrium of this autonomous system can be determined uniquely from the above equa-
tions by dropping the time subscript, as follows. Dropping the time subscript in (4.31) pins
down r, the steady-state value of ri;. Given rq, use the steady-state version of (4.32) to obtain
2. Given r1 and 12, use (4.33) to calculate (ki1, k21, k12, k22, 1, ¥2). Use the rest of the equations,
(4.34)-(4.37) to pin down (ky, k2, z, A).

When we simulate the model in the next section, we will assume that the exogenous variables
become constant either asymptotically (for {14, {5, v;) or after some fixed date (which is year
2000 in the simulation below), so the detrended system is asymptotically autonomous. The
appropriate initial value of the co-state A, is the one that guides the detrended system to approach
the steady state in the long run (as time goes to infinity). This particular solution path satisfies
relevant transversality conditions.

Given the solution path for the detrended system, we can back out the equilibrium of the

model before detrending using (4.30). This determines:

Yit, Yor, Kit, Koty Ki1e, Kiot, Kovg, Koot 11, 721, At

The value of household production, P Yy, can be determined from this by (4.28). All these
endogenous variables are determined independent of the psudo TFP for the household sector,
Api. The breakdown of P Yw; between price and quantity does depend on Ap; and can be
obtained from (4.26).

The steady-state or the balanced growth path associated with the steady-state or the equilib-

rium of the detrended system has the following features.
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e The sectoral allocation of capital for each asset i (i = 1,2) is constant, because the trend in Kj;;
does not depend on ;.

e Obviously,

P X
Yir o Xip, Yor o Xop, Pr (= P_jt) x X_lt' NiAy o Xy, (4.39)
t t

Thus if, as is the case in the calibrated model below, X5 grows much faster than X;j; thanks
to the rapid IT productivity growth, the relative price of IT goods declines rapidly and the

growth of relative output level Y5;/Y7; is as rapid as the decline in the relative price.

e The sectoral nominal value-added shares in private GDP

Y ©_
Tapvaery,  dorj=1),
P.Y;
jEL gt
oY = - PYa _ 4.40
Jt P Y1 + Py Yoy + Py Yy Y1+ PrYor+Pat Yt (fOI' J 2), ( )
Pt Y .
Tiapaepyy  (dor j=H),

are constant. This is because, in addition to (4.39), we have Py Y o« Xj; by (4.28).

e [t then follows from (4.26) that

v —y P
Y o XitX;t) Ant, Pa (= P_Ilﬂ) x (—)
t

7

Ag (441)
Let Y; be the translog index of real private GDP constructed from (P, Yj;) (j = 1,2, H) with
Py = P4P; and Py; = PP for some arbitrary path of Py (which doesn’t affect the index),

and let U]Y be the steady-state value of the value-added shares discussed above. Then the

steady-state growth rate of real private GDP is given by
Y Y Y .Y
U3 X8x1+0, Xgxo+ (1 =0 —0,) X (ygx1 + (1 =y)¢x2 + &H), (4.42)
where gy; is the long-run growth rate of X;; and gy is the long-run growth rate of Apg.

e From the firm’s marginal productivity conditions, the wage ratio wi;/wy; under the Cobb-

1-6011-6xn _Yii/Lu

Douglas technology equals 1= OO0 PYarls

for all t. In the steady state, it equals

Wit 1-611 -6 /0
— in the steady state = , 4.43
wot Y 1- 021 — 00 pya/ts (4.43)

where (p, {1, {2) are the constant long-run values of (p;, €1, {2). It can be easily seen from

tracing out the procedure for calculating the steady state explained above that y; /{1 and y, /¢,
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do not depend on ({3, {) (an implication of the constant-returns-to-scale technology and the
small country assumption). Thus the steady-state wage ratio between non-IT and IT sectors

does not depend on the allocation of labor between the two sectors.

We close this section by commenting on our assumption that the relative price (P; = Py;/P1y),
which is internationally given, is projected to grow at precisely the rate given by Xj;/Xy;, which
is determined by the domestic TFP growth rates in non-IT and IT sectors (see (4.29)). This is
not as far-fetched as it might seem. As Jorgenson (2003) finds, the rapid decline in IT prices is
common to G7 countries. If, as Jorgenson and Nomura (2005) argue, this relentless decline is
rooted in developments in technology (primarily in semiconductors) that are widely understood
by technologists and economists, it would not be too unrealistic to assume that the TFP growth

rate in the IT sector in Japan is as high as it is elsewhere in the world.

5. Calibration and Results

The detrended dynamical system described in the previous section has a set of parameters and
exogenous variables. In this section, we calibrate the detrended system and specify the paths
of exogenous variables. We will then discuss the steady-state properties of the system. The
equilibrium of the model in levels can be obtained by solving the detrended system and then
multiplying the solution by appropriate time trends. The last part of this section examines
the transition dynamics thus calculated. As in Hayashi and Prescott (2002), the calibration is
based on data for 1984-1989 in principle, and the transition dynamics is set off from 1990. The
presumption of this simulation exercise is that the representative agent learns, all of a sudden
in 1990, about the paths of the exogenous variable from 1990 on. The prior expectations about
the exogenous variable from 1990 on are whatever is consistent with the 1984-89 values of the

endogenous variables of the model.
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Calibration
The detrended dynamical system has nine parameters (8, u,y, 61,02, 011,021, 612, 022). These

parameters are calibrated as follows.

0ij (i, j = 1,2): These are capital shares, whose values for selected years are reported in Table 3
for the non-IT and IT sectors. Given that f§ is estimated from the 1984-1989 data (see below),
we should use the 1984-1989 averages. However, as seen from the Table, the factor shares of

IT assets tend to increase in the 1990s. For this reason, we use the 1990-2000 averages.

y: It is non-IT capital’s (asset 1’s) share in household production. Its values for selected years

are reported in Table 3 for the household sector. We use the 1990-2000 average.

y: From the parameterized Frisch demands (4.25), u equals (1 + 7e)P1¢Yne /(1 + Tet)P1:Cimr +

Pt Yn:). We use the 1990-2000 average; the 1984-89 average is similar.

0i (i = 1,2): The depreciation rate for each asset differs slightly across sectors in data, as shown
in Table 7. For each asset and for each year, we take the weighted average of the depreciation
rates over three sectors, j = 1,2, H, with the capital stocks of that asset in three sectors as
weights. We then use their 1990-2000 averages for o; (i = 1,2). The calibrated values thus
calculated are: 61 = 6.8% and 0, = 30.5%. The IT capital depreciates much faster. Again, their

1984-89 averages are similar.

B: From the Euler equation (4.8), the parameterized Frisch demands (4.25), and the marginal
productivity condition for asset 1 in sector 1 under the Cobb-Douglas production function,

we can derive

At+1

(1 + 7et)P1tCint + Pt Y
A ’

P1:N;

Y .
=ﬁ[1+<1—rk,t+1><9nﬁ—61>J with A; = (5.1)

Following Hayashi and Prescott (2002), we take the sample average over 1984-1989 of both
sides of this Euler equation and then solve for p. In taking the sample averages, 011 and 64

are year-dependent values in data, not the calibrated values of them.

There are eleven exogenous variables in the detrended system: the growth rates of (Xy;,

Xot, Ny), the relative price (p;), the two tax rates (tx, 7), exogenous labor ratios (£1¢, £2;) (Where
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tiy = Lit/Ny), the government-expenditure-to-GDP ratios ({11, 12), and the net export-to-GDP
ratio (v;). Their values from year 1990 to 2000 are set to their actual values. Their paths beyond
year 2000 are projected into the future as follows.

Cj; (allocation of hours): We consider two scenarios for the labor ratios £1; = L1;/N; and £ =

Ly¢/N;. In either scenario, the total hours devoted to the private sector, {1; + £ = Ll}:,rf” ,are as

in the data for t = 1990, 1991, ..., 2000, and remains at its year 2000 value for ¢ > 2000. The two

e . . ¢ L
scenarios differ in the allocation of private total hours between non-IT and IT, =7 = —=—
1Tt 1t 2t

(j =1,2), for t = 2001,2002, ....

Ly _ L1,2000 f ¢
t+Lot L1,2000+L2,2000

Scenario A The allocation is the same as in 2000. That is, I
2001,2002, .... As shown in Table 4, the ratio in 2000 is 97.2% for non-IT and 2.8% for

IT.

Scenario B The allocation gradually converge from (97.2%, 2.8%) to (90%, 10%). More specif-
ically, for t = 2001,2002, ...,

L1,2000 + L2,2000 L1,2000 + L2,2000

O — 52,),‘—1 =0.1x10.9x - gl,t—l , t1 = — {o4.

Naooo Naooo
The steady-state distribution of 90% of private total hours for non-IT and 10% for IT is

chosen because it implies a steady-state real private GDP growth of about 2.0%.
N; (working-age population): We assume zero growth, so Ny = N(2000) for ¢ = 2001, 2002, ....

Xt and Xy;: They are the time trends defined in (4.29) and depend on the “pseudo” TFP levels,
Aqr and Ay defined in (4.21). For the non-IT sector (j = 1), we assume no productivity growth,
50 Ay = Aipooo for t = 2001,2002, .... For the IT sector, we set the growth rate of Ay after 2000
to the average growth rate in 1995-2000. As Dale Jorgenson forcefully argues in his recent
writings (see, e.g., Jorgenson (2003) for G7 countries, Jorgenson and Nomura (2005) for Japan
in particular) and as verified in Table 5 and Figure 2, the TFP growth in the IT sector has
accelerated after 1995. We are thus assuming that this acceleration after 1995 was anticipated

in 1990 and that the enhanced IT growth is expected to continue into the future.

Ty (tax rate on capital): Its conceptually appropriate definition is the so-called effective tax rate

on income from capital, which includes taxes on capital at both the corporate and personal levels
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and incorporates various other features of the tax code such as accelerated depreciation, tax-
free reserves. As mentioned in footnote 7, this tax rate was calculated in Nomura (2004a). The
value beyond 2000 is set equal to its 2000 value of 50.0%, which is close to the crude estimate

of 48% used in Hayashi and Prescott (2002).

T (consumption tax rate): Its measurement was already discussed in Section 2. The value
beyond 2000 is its 2000 value (9.8%). The tax rate is higher than the statutory rate of 5%

because the tax base is assumed to be P1;C1g;, which is narrower than the actual tax base.
Vi (government share of good i): The values beyond 2000 are the 2000 values.

p: (the relative price): The detrended relative price in data does not show a trend since 1970.
The value beyond 2000 is set at its average over 1990-2000. As discussed at the end of the
previous section, this amounts to assuming that the differential in TFP growth between non-IT

and IT is common to all countries in the world.

v¢ (net exports/GDP ratio): The country’s foreign asset measured in non-IT goods, FA;, evolves
according to

FAp = (1 +1)(FA; — NXy),

where 7, is the interest rate on foreign assets. Letting fa, = FA;/(Y1; + P;Y5), this equation can

be written as

1 1+ Tt
——fa, . =fa,-v, 1+FH=——o—.
1+ 7 f t+1 f t ts t Y1 41+Pe1 Yo i1

Yi+Pr Yo

We assume that this 1 + # is constant and is equal to the ratio of 1.05 to 1.007 (one plus the

long-run growth rate of Xj;). The value of v; beyond 2000 is set as:
vp = —=0.01 + 217200 % (vy900 + 0.01) for ¢ =2001,2002, ....

This x is set so that the present discounted value of v; (t = 2000, 2001, ...) with the discounting
factor of 1/(1 + ;) equals fa,,,. We take FAx to be the nation’s external assets at the end of
1999 (84.735 trillion yen in nominal terms). x thus calculated equals 0.9422. Thus, the trade

balance is assumed to gradually declines to —1% of GDP (excluding household production).

As explained in the previous section, the path of Ay; (the pseudo TFP for household produc-

tion) does not affect the detrended system, but it does affect the breakdown of P Yy; (value of
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household production in terms of good 1) between price and quantity. We assume no change in

Apr beyond year 2000. The calibrated parameter values and projected growth rates are shown

in Table 9.
Table 9: Calibrated Parameter Values and Projected Growth Rates
0;j (asset i’s share in sector j) 611 = 0.326,051 = 0.035, 61, = 0.285, 02, = 0.119
7 (asset 1’s share in household production) 0.985
i (share of non-IT goods in consumption) 0.770
0; (depreciation rate for asset i) 61 = 0.068, 6, = 0.305
B (discounting factor) 0.964
Ty (capital income tax rate) for > 2000 its 2000 value of 50.0%
Tt (consumption tax rate) for £ > 2000 its 2000 value of 9.8%
growth rate of N; (working-age population) for ¢ > 2000 0%
growth rate of Ay; (pseudo TFP in non-IT sector) for ¢ > 2000 0%
growth rate of Ay (pseudo TFP in IT sector) for ¢ > 2000 12.4%
implied growth rate of Xy; for ¢ > 2000 0.7%
implied growth rate of X for ¢t > 2000 14.5%

growth rate of Ap; (pseudo TFP in household sector) for £ > 2000 0%

Note: The pseudo TFPs, Aj; and Ay, are defined in (4.21). Ap; is defined in (4.23). The two trends, X;; and Xy, are

defined in (4.29).

Results

Under the calibrated parameter values and projected path of exogenous variables, we can nu-
merically solve (i.e., simulate) the model as explained in detail in the previous section. We first
examine the steady-state properties of the model solution. Table 10 reports our steady-state
results under the two scenarios about the allocation of private total hours between non-IT and
IT sectors. As explained in the previous section, the steady-state value of the wage ratio wy;/wo;
does not depend on the allocation of private hours. Under our calibration of the model, it equals
0.9670. So there is no strong incentive for workers to emigrate between non-IT and IT sectors in
the steady state. As shown in the table, the steady-state percapita GDP growth rate depends on

the given allocation of labor. This is because the sectoral allocation of labor affects the sectoral
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allocation of value added. The “macro” capital-output ratio, on the other hand, is not sensitive

to the labor allocation.

Table 10: Steady-State Labor Allocation and Growth: Two Scenarios

Allocation of Hours Worked Sectoral Value-added Shares

non-1T (L“Li’sz )y IT (thL‘thzt ) non-IT (vly) IT (vg) H (v}g) growthrateof Y/N  K/Y
scenario A 97.2 2.8 81.4 2.6 16.0 1.1 3.180
scenario B 90.0 10.0 74.8 9.2 16.0 2.0 3.173

Note: Shares and growth rates in percents. In both scenarios, 96.3% of total hours is in the private sector. L jt is hours
worked in sector j (j = 1,2). Ly = 0 by definition. Y is real private GDP, N is working-age population, and K/Y is

the ratio of nominal private capital stock to nominal private GDP.
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Figure 5: real GDP

Turning to the transition dynamics, under either scenario, the shooting algorithm finds that
there is a unique initial value for the co-state, 11999, such that the system converges to the steady
state. The transition paths under the two scenarios are graphed in Figure 5 for the detrended

real GDP per worker and in Figure 6 for the “macro” capital-output ratio. Consistent with the
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Figure 6: Capital-Output Ratio

different steady-state growth rates under the two scenarios, the detrended path of real GDP
diverges eventually, as shown in the Figure, but the difference is not apparent until around
2003. For either scenario, the model’s ability to track GDP is rather impressive. The model
does far worse for the capital-output ratio (K/Y), as seen in Figure 6. The simulated K/Y under
either scenario echoes the rapid rise in data, but the rise is not steep enough. Compared to the
one-sector model of Hayashi and Prescott (2002), our multi-sector model is less able to account
for K/Y. One possible reason is our assumption that labor allocation is exogenous. Shutting

down the labor margin reduces returns from investment.

6. Conclusion

We have constructed a multi-sector growth model that takes explicit account of the differential
TFP growth rates between non-IT and IT goods. Our model is capable of accounting for Japan’s
output slump in the 1990s, and is less successful than the one-sector model of Hayashi and
Prescott (2002) in accounting for the sharp rise in the capital-output ratio in the 1990s.

Can IT be Japan’s savior? What this paper has done is merely provide an accounting frame-
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work for answering the question. We have provided a mapping from the labor allocation and the
relative price between non-IT and IT sectors to the long-run GDP growth rate. To endogenize the
labor allocation and the relative price and to thereby determine the country’s industry structure,

one would need a dynamic Heckscher-Ohlin model composed open economies.
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