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ABSTRACT

Recently, my claim that depreciation reported in the
Japanese national accounts is underestimated by a substantial
margin has been challenged by Dekle and Summers (NBER Working
Paper No. 3690), on the ground that the implied depreciation rate
(ratio of depreciation to the capital stock) is implausibly high.
I argue in this rejoinder that Japan‘s high depreciation rate can
be attributable to two factors. First, the depreciation rate for
owner-occupied housing is much higher in Japan. Second,
equipment capital (a component of the denominator in the
depreciation rate) in the Japanese national accounts seems
underestimated. Therefore, my estimate of the level of

depreciation for Japan does not seem exaggerated.
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I. Introduction

In a series of articles (Hayashi (1986, 1989a, 1989b)) 1 argued that Japan’s net
saving rate in the National Income Accounts (henceforth NIA) is substantially biased
upwards due mainly to an undervaluation of depreciation. In Hayashi (1986), I calculated
adjusted saving rates for 1970-1984 in a way comparable to the U.S. saving rates. 1|
extended the adjustment back to 1955 in Hayashi (1989a), utilizing the then newly
available NIA data for 1955-1970. In Hayashi (1989b), I used the long-term statistics
from Ohkawa et.al. (1979) to examine the prewar saving rates. My conclusion for the
postwar period was, and still is, that "Japan’s aggregate saving rate -- however defined -
is indeed higher than the comparable U.S. saving rate, but not by as much as is commonly
thought." (Hayashi (1986, p. 163))

The paper by Dekle and Summers (1991) (hereafter DS) argues that my deprecia-
tion adjustments are probably exaggerated and presents a wealth-based measure of saving
to conclude that Japan’s saving rate is higher than the U.S. rate. Although I certainly
agree with their conclusion, I argue in this rejoinder that almost every single building
block of their argument is unwarranted. In the next section, I will examine the main point
of contention between DS and myself, namely the size of Japanese depreciation, and
show that my estimate of depreciation is a reasonable one. Section III is my response to

other points raised by DS. A brief conclusion is in section IV.

I1. Measurement of Depreciation



A. Data Sources

For Japan, the single most comprehensive source of macroeconomic data is the
NIA, which has both the "flow" section (income/expenditure accounts) and the "stock"
section (balance sheets). Last year the Economic Planning Agency (EPA) has published
the latest benchmark revision (with the benchmark year being 1985) of the NIA (EPA
(1990)). The most recent 1991 Annual Report on National Accounts also incorporates the
1985 benchmark revision. My calculation reported below will be based exclusively on
these two sources, which cover the period 1970-1989.! Data for 1955-1969 are in EPA
(1988) but the price indexes there do not incorporate the latest benchmark revision, and
in the near future I suppose the EPA will publish the 1985 benchmark revision for this
period as well.

The U.S. national accounts (often referred to as the NIPA) compiled by the
Bureau of Economic Analysis (BEA) do not have the stock section. Its handy source is
the annual Economic Report of the President. Since 1986 the BEA has published its
estimate of the capital stock annually in the August issue of the Survey of Current Busi-
ness. The estimates for 1925-85, which are collected in BEA (1987), are consistent,
definitionally and numerically, with its flow counterpart, the NIPA.? My calculations

for the U.S. to be reported below are based exclusively on the NIPA data from the 1991

1 DS used the 1990 edition of the Annual Report on National Accounts which does not incorporate
the Iatest benchmark revision. This should not make a substantial differcnce.

2 The rest of the balance sheet items such as financial assets and land, along with the capital stock,
are in the Balance Sheet of the U.S. Economy (various issues) compiled by the Board of Governors, Federal
Reserve System. However, there are minor differences from the BEA estimates.



Economic Report of the President and BEA (1987).

B. Replacement Cost Depreciation for the U.S. and Japan

As I pointed out repeatedly in the series of papers of mine, there are two major
differences in the NIA between the U.S. and Japan. One is that depreciation in the flow
section of the Japanese NIA is at historical costs, and the other is that the U.S. NIA
compiled by the BEA treats all government expenditure as consumption. Unless otherwise
noted, in this article I adhere to the BEA definition. It is relatively straightforward to
account for the second difference. Accounting for the first difference, which amounts to
estimating the difference between replacement cost depreciation and historical cost
depreciation, is a bit complicated. Details of my procedure for the depreciation adjust-
ment, which can be found in Hayashi (1986) and are summarized in DS, are not repeated
here.?

Figure 1 plots three series: the Japanese national saving rate as reported in the
NIA, the Japanese national saving rate adjusted according to the BEA, and the U.S.
national saving rate (which of course conforms to the BEA definition) for 1970-1989.
This is an update of Figure 1 in Hayashi (1989b) which was reproduced in DS as their
Figure 1. The figure confirms for the latest revised data that the adjustment makes a big

difference. About a half of the adjustment comes from the depreciation adjustment. To

3 There is a very minor crror in the formula for revaluation in the Appendix of Hayashi (1986). The
price change factor applicable to N(t) (net investment) in (A1) should be: [P(1+1)-PA(t)]/PA(t), rather than
[PA(t)-P(t)]/P(t). In the calculation in Hayashi (1986, 1989a, 1989b) as well as here, this correct formula
was used.
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see whether my depreciation adjustment is excessive, DS examines two ratios -- the depre-
ciation/GNP ratio and the implicit depreciation rate (ratio of depreciation to the capital
stock) -- implied by my estimate of replacement cost depreciation. Calculating the U.S.
ratios should be a trivial exercise because it only requires taking the ratio of published
numbers. Calculating the Japanese ratio requires my depreciation adjustment. Very
surprisingly, it appears that DS did not get the U.S. numbers right. It is well known that
the depreciation/GNP ratio is about 10% for the U.S. The numbers reported in DS’s
Table 2 cannot be right. In my Table 1, I present what I think is the correct version of
DS’s Table 2.* There is no basis for DS’s claim that implicit depreciation rates implied
by my adjustment are often three times that in the U.S. But I agree that Japanese
depreciation relative to GNP and the capital stock is substantially larger. As I wrote in
Hayashi (1989b, p. 7), one has to subtract more than 15% of GNP from gross national

saving to arrive at net saving for Japan.

C. Why is Japanese Depreciation Rate So High?

As is clear from the description of my depreciation adjustment in Hayashi (1986),
my estimate of depreciation is the sum of the EPA’s estimate of replacement cost
depreciation (which has not been published) and the residual component of the reconcili-

ation account in the stock section of the NIA that remains in the reconciliation account

# My numbers for Japan are slightly different from DS's and thosc in Hayashi (1986) because here
1 usc the latest revision of the Japanese NIA.



after capital gains are accounted for.3 It is quite possible, as DS noted, that the EPA’s
estimate of replacement cost depreciation is on average substantially lower than my
estimate if the residual component is consistently large and positive.® But that does not
solve the mystery of Japanese high depreciation. If the residual component is large and
positive for almost every year, it should be included in depreciation in order for the
estimate of Japanese depreciation to be comparable to that for the U.S.” The real issue
is whether my estimate is reasonable, not whether the EPA’s unpublished estimate is
different from mine. Since the level of depreciation equals the implicit depreciation rate
times the capital stock, any possible biases in my depreciation estimate should be reflect-
ed in either the implicit depreciation rate or the capital stock. In the rest of this section
I argue that my depreciation estimate is reasonable because its substantial part comes
from owner occupied housing (which is the point touched upon in Hayashi (1989b)) and

because whatever remaining difference in the implicit depreciation rate between the U.S.

3 In Hayashi (1989b) I conjectured that the puzzlingly low adjusted saving rate in the 1950s must
be due to the erratic movements in the residual component.

8 There is one piece of information in the Japanese NIA which may allow us outside the government
to dircctly calculate the EPA’s estimate of replacement cost depreciation by asset, at least for the nation
as a whole. Table 2-11I-1 in the stock section of the NIA shows the end-of-year value of capital stock, net
investment during the year, and the reconciliation. They sum to the next year's value of the capital stock.
The value of net investment is differcnt from that in the flow section. Thus it is possible that net jnvest-
ment in the table is at replacement costs. /f that is the case, the difference between replacement cost and
historical cost depreciations is zero in Table 2-11I-1 and the reconciliation account should cqual capital
gains less residual components. Therefore the residual component can be identificd.  According to my
calculation, it is on average more than 2% of the nation’s capital stock!

7 In fact, in the capital stock estimate in BEA (1987), there is no item corresponding to the residual
component. That is, the change in the capital stock equals gross investment less depreciation (at replace-
ment costs) plus capital gains. Depreciation is defined as "the value of past investment lost through physical
deterioration, obsolescence, accidents, and aging." (BEA (1987, p. xxvi))
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and Japan is attributable to a possible underestimate of the capital stock in the Japanese

NIA.

Asset Composition Effect Since it is a weighted average of depreciation rates for individual
assets, the (overall) implicit depreciation rate can differ between the two countries if asset
composition is different. In Hayashi (1986, Table 2) I went beyond examining the overall
depreciation rate and calculated the asset-specific depreciation rates. Table 2 of the
present article updates my previous calculation for three broad asset categories (residen-
tial structures, nonresidential structures, and producer durable equipments) along with the
corresponding U.S. depreciation rates® It shows quite clearly that the difference comes
from the high Japanese depreciation rate for residential structures (housing) and for
equipments. The combination of the high fraction of residential structures and the low
housing depreciation rate for the US. explains a lot: if the U.S. depreciation rate for
residential structures were 9% as in Japan, then the U.S. overall implicit depreciation rate
would rise by nearly 3 percentage points. I think that the Japanese housing depreciation
rate of about 9% is reasonable given that a large fraction of Japanese housing is made
of paper and wood; it would be puzzling if it were as low as in the U.S. What is puzzling
is the high Japanese depreciation rate for equipments. The Japanese equipment depreci-

ation rate of 23% is 1.8 times as large as the U.S. rate. Equipments are internationally

8 Tt is not possible to calculate from the Japanese NIA the asset-specific depreciation ratcs for the
private sector. The depreciation rates shown in Table 2 are for the nation as a whole which includes
government capilal. This is the reason why the overall depreciation ratc in Table 2 does not agree with that
in Table 1 for Japan. The overall depreciation rate for the nation is lower because government capital is
mainly in the form of structures.



tradable. Why does the same piece of equipment appear to depreciate faster in Japan?

The Capital Stock Estimate Actually, the question of high depreciation rate is an old one.
Japan is unique in that we have a direct estimate of the capital stock in the National
Wealth Survey (NWS). The two most extensive surveys are for 1955 and 1970. According
to EPA (1978, p. 231), the Japanese NIA takes the 1970 NWS estimate of the net capital
stock to be the capital stock for 1970 in the NIA. However, it has been recognized by
practitioners of the perpetual inventory method that it requires implausibly high deprecia-
tion rates for the EPA’s investment series between 1955 and 1970 to be consistent with
the NWS net capital stock for the two years. For example, Dean, Darrough and Neef
(1990) reports that the depreciation rate has to be about 10% for structures and 30-50%
for equipments.® This has prompted some prominent students of productivity growth to
take the position that the NWS gross capital stock should be used as the capital stock
(Kuroda (1990, p. 266). The detailed examination of the Japan-U.S. productivity compar-
ison in Jorgenson, Kuroda and Nishimizu (1987) is based on this premise. For equip-
ments, the 1970 NWS gross capital stock is about twice as large as its net counterpart.'®
It is, then, not surprising at all that the Japanese implicit depreciation rate for equipments
in Table 2 is almost twice as large as the U.S. rate; what is mis-measured in the Japanese

NIA is the capital stock, not the level of replacement cost depreciation (recovered from

9 This raiscs a question of why the depreciation rate for structures in Table 2 is substantially lower
than the structure depreciation rate in Dean, Darrough, and Neef (1990). 1 think that the answer lies in
the fact that structurcs in Table 2 includes government capital, while the cstimate in Dean et al. is for
manulacturing scctor only.

10 See Tables 1-1 and 1-2 of EPA (1975).
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the NIA by my procedure).

I11. Miscellaneous Issues
Having disposed the main issue of contention, I now turn to other points discussed

in DS.

Wealth-Based Saving Rate The second half of DS is devoted to the wealth-based measure
of saving to show that the market value of Japanese assets has increased faster than the
value of U.S. assets. This is not at all new; I calculated my own wealth-based saving rate
with the Japanese rate higher than the U.S. rate by as much as 20 percentage points on
average.'! DS takes great pains to document that the "market value" of corporate
equities in the NIA is substantially undervalued'? and goes through a procedure to try
to correct for that. But their procedure seems seriously flawed. First, DS overlooks the
fact that the value of equity on the asset side of the balance sheets for the household
sector (and other sectors) are at market prices.!* Thus it is both unnecessary and
inappropriate to blow up the value of household equity holdings which are already at
market prices. Second, if, as they claim, the EPA’s estimate of depreciation is biased, it

means that the capital stock series in the NIA are invalid. Thus I do not see why DS’s

11 See column 5, Table 1 of Hayashi (1986).

12 This, however, is no longer the case in the latest benchmark revision where corporate equities are
at market prices. To appreciate that, compare the value of equity for the nonfinancial corporate sector for,
say, 1988, in the 1990 Annual Report on National Accounts wilh that in the 1991 Annual Report. The latter
is more than ten times as large.

13 Sec page 561 of the 1990 cdition of the Annual Report.
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measure of saving is immune from the alleged accounting biases, as DS claims it is.

Use of Secondary Data Sources DS relies on the OECD national accounts for U.S.
numbers. I understand that it is motivated by their desire to include government capital,
but the primary data source on government capital, BEA (1987), is readily available.
Reliance on secondary data sources adds a layer of uncertainty about data reliability.
This may have contributed to the apparent error in their Table 2 for U.S. depreciation

rates.
Other Quibbles The rest of my comments are minor quibbles.

« On page 6 of DS, it is claimed that the same asset service lives for tax purposes are
used by the EPA to calculate economic depreciation. This is not true at least for the
sct of assets I checked. For example, the asset life used by the EPA for engines and
turbines is, as noted by DS in their footnote 11, 16 years, while the asset life for tax
purposes as of 1965 is shorter and is 11 years (see 31 May 1965 special issue of the
Official Bulletin). Moreover, strictly speaking, it is not appropriate to compare asset
lives between the two countries, because the procedure used by the BEA to calculate

depreciation from the asset life is different from that used by the EPA.M

Since service flows from government capital are included in Japanese GNP but not in

the U.S. GNP, one has to adjust for that when making international comparisons. DS’s

14 The EPA uses geometric depreciation. If T is the assct life, the geometric depreciation rate d is
calculatcd as (l»d)T = 10% (sce EPA (1978, p. 233)). The procedure used by the BEA is more complicated
and utilizes what is called the Winfrey S-3 retirement distribution. Sce Hulten and Wykoff (1981, section
IV) for a clear exposition of the BEA methodology.



Table 2 does not seem to have done that.

Contrary to what DS appears to claim in footnote 5, the stock and flow data necessary
for carrying out the perpetual inventory method from 1970 have been available in the

NIA for at least several years.

In footnote 7, DS alleges that I failed to make a correct comparison. As far as I can
tell from Hayashi (1986), 1 did not make such a mistake. I did not include depreciation
on government capital in my estimate of U.S. depreciation because I wanted to adhere
to t.he BEA definition. The corresponding Japanese depreciation, correctly, does not

include depreciation on government capital.

Of all the points raised in DS, the only one which I think has any merit is the treatment
of Okinawa’s capital stock. The calculation reported in this article still does not
properly incorporate it. But, as far as I can tell, DS’s wealth-based measure does not

appear to have adjusted for Okinawa, either.

IV. Conclusion

As much as I appreciate the effort and interest paid by DS, I view their work as wholly

misguided. 1 think that directions for future research should include a more thorough
examination of equipment capital in the National Wealth Survey and a careful measure-
ment of housing depreciation. The latter would require collecting data on prices of
houses of different ages. Also, with all due respect, I urge the EPA to publish, first, their

estimate of replacement cost depreciation, and second, an explicit account of exactly what

-10-



iy

items are included in the reconciliation account besides capital gains and the replacement
cost-historical cost gap in depreciation. This will take the detective work out of academ-
ics’s dealing with the most basic economic statistics published by the Japanese govern-

ment.
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Appendix: Data Source

Figure 1. For Japan, the unadjusted saving rate is defined in the usual way:
S/(GNP - DEP)

where S = national saving (line 3, Table 1-[2]-I-2 of the 1991 Annual Report on National
Accounts),
GNP = gross national product (Table 1-[2}-I-1),
DEP = depreciation (at historical costs) (line 3, Table 1-[2]-I-1).

The adjusted rate calculates depreciation at replacement costs. Sec the Apperdix in Hayashi
(1986) and footnote 3 of the text for details.

The U.S. saving ratc is defined in the usual way:
(GS - DEP)/(GNP - DEP),

where GS = gross saving (Table B-28 of the 1991 Economic Report of the President),
GNP = gross national product (Table B-1),
DEP = capital consumption allowances with capital consumption adjustment (Table
B-22).

Table 1. For the U.S,,

(1) depreciation in billions of dollars (see data source for Figure 1),

(2) capilal stock at year beginning (i.e., at the end of the previous year) in billions of dollars
(Table A13 of BEA (1987)),

(3) GNP in billions of dollars (sce data source for Figure 1).

For Japan,

(1) depreciation at replacement costs (see above),

(2) capital stock at year beginning in trillion yen (sum of: line 2 of Table 2-II-1, line 1 of Table
2-11-2, line 1 of Table 2-II-4, and line 2 of Table 2-II-5),

(3) GNP net of service flows from government capital (see Appendix in Hayashi (1986) for
derivation).

Table 2 The depreciation rate is the ratio of depreciation for the asset to the stock of the asset
at the end of previous year. For U.S., depreciation and the capital stock arc for the private sector
and are from Table A10 of BEA (1987) for residential structures, Table A7 for nonresidential
structures and for equipments. For Japan, depreciation and the capital stock are for the nation
as a whole (including the government sector). The capital stocks by asset are in Table 2-Hi-1.
Deprecialions by asset are calculated as explained in the Appendix of Hayashi (1986). 1n particu-
lar, to calculate revaluation using formula (A1) in Hayashi (1986) (see footnote 3 of the text for
a very minor modilication), net capital stock in Table 2-HI-1 is taken to be nominal net invest-
ment.
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Table 2

Depreciation Rates by Assets

residential nonresidential equipments total
structures structures
value depr. value depr. ~value depr. wvalue depr.
year share rate share rate share rate share rate
1970 u.s 48.3 2.8 28.0 5.1 23.8 13.0 100.0 5.9
Japan 20.6 9.9 54.8 7.2 24.7 28.4 100.0 13.0
1975 u.s. 47.0 2.9 29.6 5.1 23.4 13,5 100.0 6.0
Japan 23.5 8.8 52.6 6.3 23.9 22,7 100.0 10.8
1980 U.s. 49.5 2.9 26.7 5.7 23.8 13,7 100.0 6.2
Japan 26.1 9.0 56.5 6.5 17.4 23,9 100.0 10.2
1985 U.s. 47.7 2.9 27.3 5.6 25.0 13.5 100.0 6.3
Japan 23.6 8.5 59.4 5.7 17.0 22.8 100.0 9.3
1989 u.s n.a n.a n.a n.a. n.a n.a n.a n.a
Japan 22.6 8.8 59.5 5.7 17.9 23.8 100.0 9.6

Note: See Appendix for data source.





