Turn the Tables!
Reframing Measurement of Capital

in Japanese National Accounts®

Koji Nomura
Keio University, Tokyo, Japan
nomura@sanken.keio.ac.jp

March 25, 2005

Keywords

age-efficiency profile, age-price profile, gross capital stock, productive capital stock, net capital stock, SNA, NIPA,
BEA, Canberra I & II Group, geometric approach, hyperbolic, consumption of fixed capital, depreciation, constant-
quality deflator, capitalization of software, information technology, land as capital, price and quantity of capital

service, non-market production
Abstract

The Japanese national accounts are moving toward a sweeping improvement of the measurement of capital, which
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1 Introduction

The accumulation of theory and empirical studies brought some significant changes to the measurement
of capital in national accounts in the 1990s in order to capture rapid changes in the production structure.
Internationally, there are three important events in this area. The first was the clarification and extension
on capital concepts in the United Nations (1993) System of National Accounts (1993 SNA), which was
revised after an interval of a quarter of a century after 1968. However, the 1993 SNA was not necessarily
a comfortable landing, and triggered intensive discussions on capital measurement. The second event
was the Capital Stock Conferences by the so-called Canberra Group, organized by the Organization
for Economic Cooperation and Development (OECD) in 1997, 1998, and 1999. The third event was the
improvement of the measurement of capital stock and depreciation as a part of the comprehensive revision
of the National Income and Product Accounts (NIPA) by the U.S. Bureau of Economic Analysis (BEA) in
1997.

Although the conceptual expansion of capital recommended in the 1993 SNA was applied in national
accounts of many countries, it was not fully incorporated into the Japanese national accounts. Asis widely
well known, the Japanese national accounts still do not capitalize own-account software and prepackaged
software. In international comparisons of economic growth and productivity based on the 1993 SNA,
Japan must be treated as an exception. Can the Japanese stock statistics make up for lost time? Is it
possible to turn the tables in the next revision of the SNA in 2008 (1993 SNA Revision 1)? Our objective in
this paper is to recognize some defects on the measurement of capital in the Japanese national accounts
and to examine the direction for catching up and going forward.

The Japanese economy expended many years eliminating worthless assets and reforming the economic
system after the collapse of the bubble economy in the beginning of the 1990s. The period of the crises
may have passed. For the Japanese national accounts, a turning point may be coming now. In order
to catch up to international standards, Economic and Social Research Institution (ESRI), Cabinet Office,
the producer of the Japanese national accounts, officially incorporated the chained index for the national
accounts in the late of 2004. Likewise, ESRI is moving to consider sweeping improvement of the capital
stock statistics, which is one of the most difficult areas for reframing the Japanese national accounts.

The intensive discussions by the Canberra Group and the revision by the BEA in the late of the 1990s
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provide valuable insights for improving the measurement of capital in Japan. In order to reframe cap-
ital measurement in the Japanese national accounts, it is appropriate to start with understanding some
significant concepts. In section 2, we introduce the framework for measuring capital with some practical
issues in this area, based on the theory for measuring capital proposed by Jorgenson and his associates:
Jorgenson (1963, 1974, 1989), Hall and Jorgenson (1967), Jorgenson and Griliches (1972), Hulten (1990),
and Diewert (2001).

In section 3, we briefly introduce the present measurement of capital in the Japanese national accounts
and examine some problems to be overcome. In addition, as an alternative measurement of capital in
Japan, we introduce our measurement for the stocks and services of capital. Our latest estimates for
capital stock and service matrixes are based on 102 assets: 95 fixed assets, 3 types of inventory, and 4 types
of land, and 70 capital holding sectors: 45 industries, government, household, and 23 infrastructures.
One of the most significant conclusions from our measurement of capital is to indicate that there is no
insurmountable obstacles to improve the Japanese capital statistics.

It may be valuable to note that the present defects of capital measurement in the Japanese national
accounts do not necessarily mean that the accuracy of revised capital statistics will be inferior. In fact, the
primary statistics in Japan are well above the international standard. The revised Japanese statistics will
be able to propose an accurate and internally consistent stock measures and consumption of fixed capital.
Moreover, it can contribute to international examination for the further improvement on measurement of
capital, like measurement of price and quantity of capital services, and capital service cost for non-market
production, which are discussed by Canberra II Group (Ahmad 2004; Diewert, Harrison, and Schreyer,
2004). We conclude in section 4, summarizing our proposals for sweeping improvement for measuring

capital in the Japanese national accounts.

2 Capital: Two Aspects of One Entity

2.1 Concepts of Capital Stock

What is the role of measurement of capital? Like other factors of production, which are used in
production processes, capital has a productive capacity. Unlike other factors of production, however,
capital is not consumed, but used beyond a single accounting period. This durability lets the capital retain
its value so that capital can be used in future production processes. Capturing the two aspects of capital:

the productive capacity and the value of capital, is the main purpose for measuring capital.”

“I' The durability of capital makes the accounting difficult. See Hulten (1990) and Diewert (2001).
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2.1.1 Traditional Gross and Net

Traditionally, two distinctive concepts for capital stock, gross capital stock and net capital stock, were
used. The distinction of the two concepts is based on depreciation. Gross capital stock is defined before
the deduction of depreciation and net capital stock is reduced by the depreciation. As the traditional gross
concept still remains in the Japanese statistics of capital stock for production analysis, gross capital stock
may have been sometimes thought suitable to measure the productive capacity of capital.

However, the traditional system of gross and net capital stock is incapable of portraying the two different
aspects of capital, except under unrealistic assumptions. This was finally abandoned by BEA in 1997, a
quarter century after the controversy between Jorgenson-Griliches (1972) and Denison, also Jorgenson

(1989) had clearly pointed this out.

2.1.2 Gross, Productive, and Net

The intensive works of Dale W. Jorgenson, Robert E. Hall, Zvi Griliches, Charles R. Hulten, Walter E.
Diewert, who marvelously were at the University of California, Berkley in the 1960s,”* and many other
researchers and statisticians, have developed the theory for measurement of capital and accumulated
the empirical results. The theory of capital measurement clarifies the distinction of these two aspects of
capital, based on the concepts of age-efficiency profile and age-price profile. We use three distinctive stock
concepts in this paper. Three concepts are gross, productive, and net capital stocks.”

Figure 1 represents the three concepts of capital stock and their relationships. The gross capital stock

(GCS): Sff’j of asset k with age 7 in industry j at time ¢ is defined as:
Ghj _ ki
S’ =A, 1)

*2_ Griliches was at the University of Chicago in the 1960s, although he has collaborated with Jorgenson.

3 We use the name of productive capital stock after Triplett (1996a, 1997) and Hill (1998, 1999). Biern (1989) and Biern, Holmoy,
and Oystein (1989) call a productive capital stock in this paper as a “gross” capital stock, since they do not need a traditional
gross concept of capital stock. OECD (2001b) does not give a particular name for the productive capital stock.

Net capital stock in this paper is aslo called “wealth” capital stock, like Triplett (1997). The net capital stock is “generally,
a synonym for the wealth capital stock. The “net” language thus distinguishes the depreciated capital stock (the wealth
capital stock) from the undepreciated, or gross capital stock. However, the traditional “gross-net” capital dichotomy does
not encompass the productive capital stock, which could cause confusion (because the productive capital stock is “net” of
depreciation, compared to the undeteriorated gross stock). Once the distinction between productive and wealth capital stocks
fully enter the lexicon, it will probably be preferable to avoid the net capital stock terminology.” (Triplett, 1997) However, we
use net capital stock in this paper, partly because we cannot find a adequate term in Japanese corresponding to the “wealth
capital stock”, and partly because net capital stock is identical with the traditional net capital stock although the concept is

clarified.
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Fig.1 Concepts of Capital Stock

where AIZ_] . is quantity of investment measured in “efficiency units” among the existing assets with different
vintages: v = t — 7, although the GCS permits the difference of quality of assets with different ages: .
In other words, the assets with different ages are evaluated at “as new” prices in the GCS, described in
OECD (2001b). The GCS provides the conventional first step for measuring capital stock.

The age-efficiency profile (AEP) gives a schedule for the productive capacity associated with the pure
aging of capital at the same point of time, taking an efficiency of a new asset as one to normalize. Assuming
no change of the AEP over time, we write the AEP as d¥, independently of time t. It satisfies the conditions
below,

dy=1, d;>0, di—d;_, <0, limd=0. )

These four conditions represent, respectively, normalization of AEP at © = 0, durability of the asset,
monotonic decreases of relative efficiency, and finite durability. Note that the AEP is defined as the
combined distribution of the survival distribution of an asset and the efficiency distribution for the
surviving asset. Triplett (1997) uses the term “deterioration” to define the relative efficiency in the AEP.
Deterioration arises from two sources, “retirement” and “decay” which is defined by the loss of efficiency
of a surviving asset.

Applying the AEP to assets with different ages, the GCS will be transformed to the productive capital
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stock (PCS), as
Sl = disy. 3)

t,t

The PCSis evaluated in the same efficiency unit among assets with different ages. Capital services can be
produced from the PCS, as is discussed later. The AEP transforms assets with different ages to be perfectly
PEI 4 By the dual

tt

substitutable, so that the PCSs with different ages can be simply added: Sf’k’j =YoS
approach of capital, the capital service prices of assets with different ages have perfect complementary, so
that they are equivalent: Pf’k = Pf’Tk, (Jorgenson, 1989).

The age-price profile (APP) gives a schedule of the capital value associated with its pure aging at the
same point of time, normalizing the capital value of a new asset at one. The schedule of the capital value
in the APP depends on future capital services described in the AEP, the expected capital service price,
and the expected discount rate, as defined in Equation (19) later. Here, we write the APP as dff . Assets
with different ages normally have a different value because of a finite service life of the asset, even if the
productive capacity the asset has is exactly same. We assume the conditions for the APP as:

diy =1, dif >0, df—dP <0, limdX =0, limdff=d. )

Do b rp—00 tr

The conditions required for the APP are similar to Equation (2) for the AEP. The fifth condition represents
that the APP converges to the AEP, when the discount rate r; approaches infinity. Applying the APP to
assets with different ages, the GCS will be transformed to the net capital stock (NCS):

ST = gPkg&T ()

t,T tt=tT

Except the case that the AEP declines very rapidly, the APP may be smaller than the AEP: d7* < dk.
From the conditions for the AEP and APP in Equations (2) and (4), the order of magnitudes in three capital
stocks may be as,

Nk, j Pk,j Gk,j
S. <8 <857 (6)

t,T tT

Nkj _ SP'k’j _ SG’k’j

£0 £0 ho » Since

For new assets with T = 0, the three measures of capital stock are identical: S
df ’g = d¥ = 1. The difference in the three measures occurs because of the durability of assets.

The concept of GCS is the same as the traditional gross concept of capital stock. In the three capital
stocks, the GCS may have very limited purposes to be used. If we assume a vintage production function,

the GCS may give an appropriate concept as the factor input. However, for the economic analysis using

*+ Diewert and Lawrence (2000) and Diewert (2001) provide new approach in measuring capital and propose the use of a
superlative index number formula to aggregate assets with different ages (or vintages, under the fixed point of time). In this

paper, we assume perfect substitution in the PCSs with different ages, as if the AEP were specified independently.
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an aggregate measure of capital with different ages, it may be no longer easy to find an appropriate role
of the GCS.”®

The GCS is interpreted as a special case of the PCS, which is an appropriate concept for productive
capacity of capital stock. Only if the AEP is “one-hoss shay”, where the relative efficiency of capital is
constant throughout the lifetime T*, the GCS is identical with the PCS,

k,j ki Gk,j
Spil < 87 = g7, 7)
where
d*=1(t < T, d* =0(r = T"). (8)

Only some exceptional assets like electric light bulbs provide an example. The one-hoss shay distribution
can hardly be observed in the empirical studies for measuring the AEP. The clarification on concepts of

capital stock no longer provide a role for the GCS.

2.1.3 Geometric vs Hyperbolic

In the framework for measuring capital stock, the key idea is the AEP. Based on the comprehensive
empirical studies of Hulten and Wykoff (1981a, 1981b, 1981c), the geometric distribution in the AEP or
APP is approximately accepted for many assets.”® Theoretically, the geometric distribution alone has the
desirable property that the AEP and the APP are identical. Also, therefore, the PCS and the NCS are
identical, as

GNki _ gPkj  gGki ©)

t,T tt — Yttt 7
where

df = dyf = (1-0"" (10)

This assumption is called as the “best geometric approach” (BGA). The two aspects of one entity of

capital are captured by only one measure, based on the assumption of the BGA. Accepting the BGA makes

*5 Conventionally, GCS is treated as a starting point for the measurement of capital stock, as represented in Equations (3) and
(5). However, as the GCS is the same as the quantity of investment in Equation (1), the procedure for the measurement of the
GCS need not be addressed.

*6 Jorgenson (1996) gives a survey of empirical research on depreciation and its applications. There has been considerable debate
about the appropriate depreciation rates for assets with constant-quality deflators. As pointed out by Oliner (1993, 1994) and,
more recently, by Whelan (2002), if the quantity of investment is constructed with a constant-quality deflator, the depreciation
rate should be obtained from constant-quality price data by age of asset. This corresponds to “partial depreciation” in Oliner’s

terminology.



it possible to neglect the age structure for aggregating assets with different ages, like a familiar perpetual

inventory method (PIM),

S = (1= 6sM + A =) (1= ohyrAy,. (11)
=0

On the revised measurement of capital stock and depreciation of the U.S. BEA, the BGA is used as a
default, as discussed in section 2.3.2.
Alternatively, hyperbolic function, which used to be called f-decay, is assumed to describe the AEP. The

hyperbolic function is defined as,

d; = ;k_—_ﬁ}; (12)
where T and ¢ (—c0 < F < 1) are parameters for asset k. When g is 0, 0< g€ < 1, and 1, the hyperbolic
AEP will be straight-line, concave, and one-hoss shay, respectively. When ¢ < 0, the hyperbolic AEP can
simulate geometric distribution.

The advantage of the hyperbolic AEP, relative to the BGA, is that the hyperbolic function is more flexible
and has a upper limit of the service life: d = 0 if 1 = T¥, by comparison the efficiency in the BGA
never completely vanishes. On the other hand, the assumption of the hyperbolic AEP does not simplify
the PIM like Equation (11) and some assumptions about real discount rates are required to define the
corresponding APP, unlike the BGA.

The AEP can be determined empirically by modeling a time series of prices of an asset by age. Note that
it is difficult to verify which approximation is most appropriate by the empirical studies to estimate the
APP. As Fraumeni (1997) pointed out, BLS found there was no statistically significant difference between
the geometric and the hyperbolic function, because both have an age-price counterpart that is convex, or
bowed towards the origin. An alternative and more direct approach is modeling a time series of rental
prices of an asset by age.

OECD (2001b) reports that the U.S. Bureau of Labor Statistics (BLS) and the Australian Bureau of
Statistics (ABS) use the hyperbolic function and that the U.S. BEA and the Statistics Canada use the
BGA. Although any other flexible functions can be assumed as the AEP, it may be a choice between two
alternatives, geometric and hyperbolic distribution, to reframe the capital measurement in the Japanese

national accounts, in practice.

2.2 Price and Quantity of Investment

Let us go back to the starting point. Prior to measuring capital stock, our starting point is the measure-

ment of nominal investment, which is directly observable and evaluated in current prices at the times they



are produced.” We define nominal investment as:
kj _ pAk gkj
I/ = PMAY, (13)

where Pf"k is investment price for acquisition of new assets in time ¢.

The assets invested and produced in different times have different vintages, t = v since v = t — 7
and 7 = 0, so that the technology embodied in the assets may be different. An adjustment for quality
of assets with different vintages, therefore, is required to measure quantity of investment in efficiency
units. Constant-quality prices for investment goods: Pf’k, include the adjustment coefficients. Rapid
technological progress in information technology (IT) and the recent increase in its impact illuminate
anew the importance of constant-quality prices. Here, we introduce the Japanese measurement of prices
and discuss it by the comparison of price measures in the U.S. In center of the discussion, there are

computer prices, where holding constant-quality has a significant role. First, we examine some issues in

the measurement of investment prices.

2.2.1 Price on Investment as Composite Goods
In Equation (13), the price for acquisition of produced assets is defined not as a producer’s price, but as

a purchaser’s price. The nominal investment value is written as the following identity,
K aki _ pCkxeCki o pWkyakid L pTkpki
PMAY = POAXY + YW+ PIETY, (14)

where

Ck,j
t

POAXTHT = pPAXDAT 4 pMAxME] (15)

In Equation (15), PtD * and P?A’k represent constant-quality prices for domestic output and imports of
asset k. Using an aggregator function of the two prices: Pf’k =f C(PtD k, P?A’k), the investment price: Pf’k, can
be defined as the price for composite goods of domestically produced and imported assets, in producer’s
prices. In Equation (14), P:N’k and PtT’k are prices for wholesale and transportation costs needed for the

acquisition of asset k. Using an aggregator function: Pf"k = fA(Pf'k, P;N’k, PtT’k) of the three prices, the

. . k . . .
investment price: Pf , can be defined in purchaser’s prices.”

7 Measurement of nominal investment depends on two approaches: bottom-up and top-down. The bottom-up approach
is based on the survey of investment, which depends on the custom in business accounts. On the other hand, top-down
approach is based on the supply of investment goods by domestic production and net imports, as described at the commodity
flow method in national accounts. Reconciling both approaches contributes to recognize the measurement error and the
conceptual difference. Although this process has crucial significance to determine the accuracy of measurement of capital, it
is too complicated to describe here. For the case in Japan, see Nomura (2004, Ch.2 and Ch.A-B).

*8 For the prices in Equation (14) and (15), we neglect the difference among industries. In case that one asset at the most detailed



Surprisingly, as Nomura and Samuels (2004) pointed out, the BEA’s price index for private fixed
investment does not reflect margin rates, margin prices, and transportation costs. The BEA’s investment
price for computers actually falls a little more rapidly than output prices, reflecting import prices that fall
more rapidly than domestically produced prices. For the price of computers during 1980-2000, the average
decline rate of BEA’s output price is 16.1 percent per year and the BEA’s investment price declines 16.5
percent annually. After including the wholesale margins and transportation costs, the decline rate shrinks
to 12.9 percent. During 1995-2000, the decline rates of the output price, investment price, and redefined
investment price are 24.9 percent, 24.4 percent, and 18.7 percent, respectively.” The numerous studies
that analyze the contribution of computers to economic growth using this price and harmonized prices
based on the BEA price discussed later, may overestimate declines of the computer prices and increases
of capital inputs from computers.

A possible justification of the BEA’s neglect of margins is that the change of margin price may be same as
the price change of a product treated by a wholesaler, under the assumption of constant nominal margin

Ck,j k,j

rates. Based on the identity in Equation (14), we can get Pf’kA];’j =1+ v;N’k’j + UtT'k’j )Pf’kXt , where ZJI/V' ’

k. j

and v,”" are the nominal rates of margin and transportation cost. As is sometimes assumed, if we think

quantities of investment are identical: Af’j = Xf’k’j , we get the simple relationship on the two prices:
Pf'k =1+ le’k’j + vtT’k’j )Ptc’k. Therefore, under the constant rates: v/ and vT*/, the purchaser’s price may
be proportional to the producer’s price.

Is this identity appproach adequate for the asset that has an outstanding quality improvement over time?
Under a more general aggregator function of prices: Pf’k =fA (Pf’k , P;N’k, PtT’k), quantity of investment also
should be defined to fulfill the price aggregator function and the nominal identity in Equation (14).
Therefore, A];’j is defined as not only Xf’k’j , but also a composite goods of Xtc’k’j , th’k’j ,and XtT’k’j . Moreover,
for a computer, the price changes in margin and transportation: PIN’k and PlN’k, may be more moderate

than the constant-quality prices: Pf’k, in computers. To estimate the margin price: P:N’k, we have to define

level consists of some detailed assets corresponding to the commodity flow data, the prices should be reflected the difference
of asset composition invested by industries, as PtD’k’j . Moreover, we neglect indirect taxes, here. The indirect tax included in
output prices, like a consumption tax, may be deducted from the purchase of investment goods. The consistent definitions of
indirect taxes in output and investment prices should be of note. In Japan, the consumption tax was introduced in 1989 and
the rate was increased from 3 percent to 5 percent in 1997.

¥ Here, “computers” is defined as US-SIC-357 excluding 3578 and 3579. The wholesale margin rates and transportation costs are
taken from the benchmark Input-Output Tables (1977, 1982, 1987, 1992, 1997), published by BEA. The U.S. prices for wholesale
and transportation are from GDP-by-Industry data. Rates of margin and transportation for computers are 17.1 percent and
0.9 percent of the purchaser’s price in 1997, respectively. The rates in the U.S. are similar to that in Japan: 19.0 percent and 0.9

percent in 1995, respectively. See Nomura and Samuels (2004).
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the quantity of margin: Wf’j . Let us think an example. We assume a wholesaler buys in one unit of PC
for one thousand dollar and sells it for two thousand dollar, last year and, also, this year. If the quality of
the PC becomes twofold between the two periods, the constant-quality price for the PC is interpreted as
decreases by fifty percent and the constant-quality quantity is treated as increases twofold. In this case,
is quantity of margin unchanged or does it increase twofold also? The adequate answer may be that the
quantity of margin is constant, because the quality improvement in the PC as a treated product may not
affect any costs in the wholesaler. The quality change in the computer should not affect the productivity
of the wholesaler, so that the quantity of margin, as a real “gross” output of the wholesaler, should be
unchanged. Also, the price change of the margin should be zero, in this example. So, in usual, the decline
of Pf’k may be more moderate than that of Ptc’k .

Another important note is on the recognition of investment goods as a compound goods of other
investment goods. In practical, an asset is classified as the final goods to be invested. Some investment
goods may be defined including embedded investment goods, which can be also classified as an asset,
separately. For example, the investment of office building is defined including the elevator, lighting,
furniture, and operating system, controlled by the computer. Also, computers are defined including the
embodied software.

In the 2003 comprehensive revision of the NIPA, the BEA revised the prices for software, so that the
prices for own-account software and custom software are defined by a weighted average of the input
cost index for software and the quality-adjusted price for the prepackaged software. The vastly revised
price for software, nevertheless, does not affect the price of computers or operating system of the office
building, in which software is partly embedded. If a hedonic function for computer, in which software is
one of characteristics, is estimated, the consistency with the constant-quality price for the software should

be maintained. So far, the revisions of the investment prices are treated separately.
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2.2.2 Constant-Quality Prices in the U.S. and Japan

The hedonic approach has been shown to be an effective technique for capturing quality changes."’
In the U.S. National Accounts, hedonically adjusted computer prices were introduced in December 1985
representing five types of computer equipment: processors, disk drives, printers, displays, and tape
drives covering 1972-1984, by the work of BEA with IBM (Wasshausen, 2000). In 1987, a hedonic price
was introduced for personal computers, beginning in 1983. BEA later developed estimates of computer
hardware and software prices back to 1959 (Landefeld and Grimm, 2000). Triplett (1989) also extends the
computer prices backward, based on indexes developed in several independent studies. In the early 1990s,
Bureau of Labor Statistics (BLS), which is the main producer for price statistics in the U.S., began publishing
the quality adjusted Producer Price Index (PPI) for computers. BEA now uses detailed BLS price indexes
for computers, peripherals, parts and for some types of software: these indexes are aggregated using BEA
chain weights to produce chain-type price indexes (Landefeld and Grimm, 2000).

In Japan, the Bank of Japan (BOJ) and the Statistics Bureau, Ministry of Internal Affairs and Communi-
cations (MIC) are main producers of price statistics. On the Wholesale Price Index (WPI), the BOJ started
to use the hedonic approach from the 1990 benchmark revision for personal computers (PCs), mainframes,
and magnetic disk devices, modeling the hedonic function on an annual basis. The BOJ]’s WPI has been
greatly revised and renamed to the Corporate Goods Price Index (CGPI) in 2000.*!

Compared to the WPI/CGP]I, the MIC’s Consumer Price Index (CPI) mainly used the matched model
for quality adjustment. After the 2000 benchmark revision of the CPI, the MIC began estimating quality

*10° Although hedonic approach is widely thought to be suitable to capture quality change, it is not necessarily that the traditional
approach, like a matched model, is inferior to hedonic approach. Aizcorbe, Corrado, and Doms (2000) points out that matched
model captures the rapid pace of quality change for high technology goods market, where the life of a product is relatively
short and the varieties of products are sold at once. For computer prices, Landefeld and Grimm (2000) indicates that hedonic
price indexes for computers produce results that are quite robut and that are virtually the same as those produced by a carefully
constructed traditional price index for computers. The use of hedonic price indexes is increasing, and the components that
are deflated by hedonic techniques account for 18 percent of GDP in the U.S. (Landefeld and Grimm, 2000). Also, Moulton
(2001) provides the expanding role of hedonic approach in the U.S. and discusses some misconceptions about the technique.

Il The CGPI is composed of Domestic Corporate Goods Price Index (DCGPI), Export Price Index (EPI), and Import Price Index
(IPI). BOJ increased the number of sample prices to be surveyed by 69 percent (63 percent only for DCGPI), from 4902 (3379 for
domestically produced goods) in 1995 benchmark WPI to 8264 (5508) in the 2000 benchmark CGPI. Since the 2000 benchmark
revision, the CGPI uses the hedonic approach for Servers, which is a component of General Purpose Computers & Servers,
Digital Cameras, and Video Cameras, in addition to PCs. On the other hand, BOJ discontinued to use the hedonic approach
for mainframe and magnetic disk devices after 2001, because of a lack of the credible common characteristics data. The BOJ
estimates the hedonic function for two types of PCs, desktop-type and laptop-type below the commodity level, and raises the
frequency twice per year. The functional form, data, and the estimated results by the hedonic approach are in BOJ (2002).
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improvements for desktop and laptop PCs, adjusting these two items hedonically, using Point of Sales
(POS) data, which covers all sales at 3400 major shops across Japan. CPI also starts incorporate hedonics
for digital cameras after 2003.

The significant difference in price statistics of the U.S. and Japan is whether the prices of the commodity
that has an outstanding quality improvement could be extrapolated backward or not. Although this
function is carried out by BEA in the U.S., we may not find any similar function in the Japanese statistical
system. In the Japanese national accounts, ESRI uses the WPI/CGPI and the CPI. However, ESRI, and BOJ
also, does not extrapolate the prices based on the newly developed methodology backward. This should
be noted as a defect in the Japanese system for price statistics. BOJ also publishes the Corporate Service
Price Index (CSPI). In November 2004, the CSPI began to estimate the price for prepackaged software,
based on cost evaluation method, beginning in 2000.

Another problem in Japan may be found in the index formula. BOJ estimates aggregate price indexes
based on Laspeyres formula as a basic index and chained Laspeyres formula as a reference index in the
WPI/CGPI after 1995. We should note that chained and un-chained versions of the two price indexes of
WPI/CGPI are different even at the most detailed commodity level, reflecting different item weighting
within the detailed commodities. One commodity usually consists of multiple items (“sample prices”),
which are not published. At present, BOJ uses arithmetic aggregation, called a Carli price index by Diewert,
of these item prices for the Laspeyres price index, while geometric aggregation, Jevons price index, for
the chained version. The difference is large, especially for computers (Nomura and Samuels, 2004). In
December of 2004, ESRI officially incorporated the chained Paasche index for the national accounts. At the
most detailed commodities in the Japanese national accounts, however, ESRI uses the BOJ’s basic index,
the Carli index.”? Fisher and Diewert clearly indicate that the Carli index has a definite upward bias and

urge statistical agencies not to use this formula.

2.2.3 Possible to Use Harmonized Prices?
In stu