software price index.*% .

Ahmad[2003] indicates p big diversity in software price estimates in some QECD countries. In
Sweden, the software pricd increases by about 6 percent aniI_leaHy during 1995-2000. On the other hand,
the software price in Austrhlia decreases by annually 6 percerit in the same period and the BEA’s revised
price for total software (0.8 percent annual decline) is between the two estimates,
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Figure. 14 $oftware Investment Price: Comparison between the U.S. and Japan

Figure 14 shows prices far total software in the U.S. revised in 2003, for three types of software reported
by Parker-Grimm[2000] infthe U.S., and for custom software in Japan. Japan’s price for custom software
is estimated by the Corporate Service Price Index (CSPI, Bank of Japan) after 1995, which is measured by
the labor cost. Japanese official national accounts also uses this price index and estimates it backwardly
until 1980. In Figure 14, we estimate it until 1955 using the cost index of computer services. Here, we
consider it to be a cost index for software production in Japan. Prices by type of software reported by
Parker-Grimm{2000] are estimates before the 2003 comprehensive revision by the BEA. We can consider
the price for own-account software by Parker-Grimm to be a cost index for software production in the
U.S., which is defined as a simple average of programmer labor cost and non-labor inputs. The price for
custom software is defin by a weighted average of the price indexes for own-account software and

prepackaged software.

If we use the cost index|as total software price in Japan, the trends in the 1970s and the 1980s differ
between the U.S. and Jap h In comparison with cost indexes in both countries, the movements of both
indexes are similar. The gap in the total software price is generated from the very rapid decline of

*% Gee the pbstscript added if June 2004, in Grimm-Moulton-Wasshatisien[2003]. Until this revision, the price index for own-
account software was defined by the BEA's input cost index consisting of compensation cost indexes and an intermediate
inputs cost index. For cusfom software, the price index was defined as a weighted average of the price indexes for own-
account software and prepackaged software, where the weights are arbitrarily selected as 75 percent for own-account
software and 25 percent for prepackaged software (Parker-Grimm[mUO])
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prepackaged software prices in the U.S., which is shown in Figurel4 (right axis), which holds quality
constant. The annual average rate of decline in prepackaged software price is 11.0 percent in the 1980s
and 8.7 percent during 1990-98 in the US. ; _

So far, in Japan, we don’t have a good estimate for prepadkaged software that holds quality constant.
In this paper, we use the cost index, which is used for custom software in the Japanes national accounts,
for all types of software. Injorder to examnine the sensitivity of the results to the change of deflators, we
also compute harmonized indexes, as a tentative approximation. Based on the relationship between cost
indexes, p. in the US. an p": ; in Japan, we compute the harmonized index for prepackaged software

e for Japan, the growth of which is defined by the Alnpj,, = Alnpj, + (Alnp], ~ Alnp(}), where g,
is the price of prepackaged goftware in the U.S. Like the BEA's revised methodology, we also define the
harmonized prices for software and own-account software in Japan as a weighted average of
the harmonized index for prepackaged software and the otst index. Figure 15 shows the comparison
between the revised total price in the U.S. and the harmonized price for total software in Japan,
which is defined as a Theily Térnqvist index of types of software with their nominal investment values
as weights. We examine the sensitivity of the results to the harmonized prices in section 5.2.
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Figure. 15 Harmonized Software Investment Price in Japan

5.2 Measurement Rgsults of Software Stock

To measure software capital stock, we examine four scenarios. First, for depreciation, the 33 percent
and 55 percent geometric depreciation rates are assumed. $econd, there are two options for prices, the
cost index for all types of ftware and the harmonized indexes for each type of software. Table 7 and
Figure 16 represent the estimated results of software stock corresponding to the four scenarios. Shares
to fixed capital stock are inf () and shares to total capital stock, including land and inventory, are in [ ]
in Table 7.7 :

*Z Here, capital stock is compgsed of one hundred two assets; ninety tangible fixed assets, five intangible assets iricluding three
types of software, four ty'pf of land, and three types of inventories. Measurement of capital stock, except software, is based
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Table.7 Software Stock and the Share t Total Capital Stock

Own-Account Software ‘ Total Software
33% 6 55% & 33% 6 55% &
ClL HIL ClL - HL CcL HIL ClL HI
1960 145 3.7 108 26 27.3 7.0 19.7 45
(0.01) | (Q.00) (0.01)  (0.00) (002)  (000)  (0.01) (0.00)
[0.00] | [0.00]) [0.00] [0.00] [000)  [000]  [0.00] [0.00}
1965 719 | 214 542 165 103.1 29.7 76.0 23
1970 4051 | 1436 3083 1104 5747 1975 4417 1532
(0.10) | (0.04) (0.08) (0.03) (015 (005  (011) (0.04)
[0.02] |[001] [0.02] [0.01} [004]  [001] [0.03] [0.01]
1975 11463 | 5293 7599 3683 17002 7646 1149.6 541.7
1980 1941.1 [1167.6 12374 7763 3478 19657 22414 1365.2
(0.23) | (0.14) (0.15) (0.09) (040) (024) (027) (0.16)
[0.08] | [0.05] [0.05] [0.03] [014]  [0.08]  [0.09) [0.06]
1985 33207 (23713 22537 16443 69780 48150 4834.0 3397.1
1990 5761.7 |48824 36824 32362 146862 122828  9848.1 8555.3
044) | (037) (0.28) (0.25) (111)  (093) (0.75) (0.65)
[0.18] | [0.16] [0.12] {0.10] [047] [0.39] [0.32] [0.27]
1995 69027 |6830.6 4313.1 43439 183432 181744 113237 114160
2000 76284 (81819 48294 - 5289.0 25168.1 275075 164322  18362.2
(041) | (044) (026) (0.28) (13%) (147) (0.88) (0.99)
[0.20] | [021] [0.13] [0.14] [065] [071] [0.43] [0.48]

unit: billion yen (1995 constant price). 6 means a geometric dleprediation rate. Stock is

defined as an ave!
C.L is deflator d

ge of values in the beginning and ending periods.
by cost index.

HLL is harmonizeq price index, computed basing relative cost indexes between the U.S. and Japan.

Shares to fixed ca
Shares to total caj

In case of 33 percent
estimated using the cost i
to about 0.4 percent of fixe
stock is evaluated 1995 co
1995 in cases with same 6,

- prices is 65 percent lower
estimated using the cost in

ital stock is in () in every ten years.
ital stock, including land inventory, is in [ ] in every ten years.

metric depreciation rate (), own-account software stock are 7.6 trillion yen

ex and 8.1 trillion yen using the harmonized prices in 2000, which amounts
d capital stock and about 0.2 percent of total capital stock. As our estimated
hstant price, the estimated values by both price indexes are similar around
In 1970, the own-account software stocks estimated using the harmonized
than that using the cost index, For total software stock, 25.2 trillion yen
dex and 27.5 trillion yen using the harmonized indexes in 2000.

on the revised estimates o
survey for national wealth
Wealth Survey. For softw
rate for each type of sol

value in 1995 over a sum of

Nomura[2004]. The initial year for perpetual inventory method is 1955, when the large-scale
took place in Japan. We estimate initial stock for tangible assets based on the 1955 National
e, we estimate the initial stock by type:of software, based on assumptions of constant growth
are by industry and constant depmdationw. rate before 1955; as the ratio is the real investment
f average growth rate of real investment during 1955-60 and a depreciation rate.
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" As shown in Table 8, the growth rate of own-account software stock estimated by the cost index is
lower than that using the Harmonized indexes. From 1995 to 2000, although the growth rate of stock
using the cost index for own-account software is 2.0 percent, the stock using the harmonized prices

prepackaged software relative to the US., as shown in Figure 8, the impacts through the revaluation
of prepackaged software ig relatively small Impacts depetui on how prices for custom software and

t-5, own-account software stodt is about 36 percent lower in 2000 than that
with the 33-percent-6. in 1970, the stock levels with 55-percent-5 is about 24 percent lower. The
changes in & shift the lev of the estimated software stocks, but have a relatively small impact on the
growth rates, as shown in Table 8.

B2
i SN Rt + Cont Ik

ummmmmummumhﬂ»v—mmmwmmm

(a) Own-Account Software Investment (b) Total Software Investment

Figure. 16 Software Stock: Four Scenarios

Table. 8 Growth Rates of Saftware Stock

Own-Account Software Total Software

33% 6 55% & 33% 6 55%-5

cl HI CclL HL clL HL ClL HIL.
196065 | 320 351 322 372 266 288 270 320
196570 | 346 380 348 381 344 379 352 385
197075 | 208 261 180 241 217 271 191 253
197580 | 105 158 98 149 136 189 134 185
198085 | 107 142 120 150 147 179 154 182
198590 | 110 144 98 135 148 187 142 185
1990-95 36 67 32 59 45 78 28 58
95-2000 20 36 23 39 63 83 74 95

unit: annual average growth rate(percentage).
C.L is the tost index. H.L is the harmonized price index.
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As mentioned in section 5.1, we use a 33-percént—6 and a cost index for all types of software. It should
be of note that the estimated growth rate of own-account goftware stock may be underestimated if we
- consider the quality adjustiment of Japan's software prices in the future.

6 Conclusion

In this paper, we measure own-account software investmerit in Japan as suggested by the OECD Task
Force methodology at the aggregate level and the BEA’s methodology at the industry level. We conclude
that the scale of own-account software investment is 0.60 percent of GDP in 2000 in Japan. This share is
0.13 percentage points lower than that in the U.S. The share of total software investment to GDP is 2.03
percent, which is almost the same as that in the U.S. (2.07 percent), reflecting the larger share of custom
software relative to other dountries.

We find a significant difference of the composition by type of software between the US. and Japan
in this paper. In 2000, the|investment share of prepackaged software is 28.0 percent of total software
in the U.S,, in comparison with 6.2 percent in Japan. Also, the difference in the composition may be
also important for the consideration of the constant-quality price for software investment. So far, the
BEA computes software prices by type of software and carefully examines the prepackaged software
price to hold quality constant. There is a big difference of price trends among type of software in
the U.S. Although, it is hard to justify that software quality change depends on the type of software.
Recondiliation of quality changes among the types of software should be taken into consideration.

Additionally, it may be|important to consider the consistency between prices for non-embedded
prepackaged software, which is defined as investment of preépackaged software, and embedded prepack-
aged software, which is defined as investment in other tangible assets. With further conceptual sophis-
tication of software investinent, including the relationship between own-account software and other
activities still not capitalized, like R&D, O];I‘, advertisement, and so on, we continue to accumulate
empirical results to improve the measurement of the price, effective service life, and depreciation distri-
bution of software.
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A Capitalizing on|Input-Output Table and Consistency with Other Data

Let us think of the inputioutput table, which comprises the use-table (commodity*industry), make-
table (industry*commodity), and x-table (commodity*commodity). In the use-table without capitaliza-
tion of own-account softwake, the costs for producing own-account software are internally described as
intermediate consumption, ,compensation of employees (L), consumption of fixed capital (D), operating
surplus (O), and so on, in mdustry To capitalize own-account software, we should modify this
description of the input-oufput table.

The description depends on the defiriition of output. Indlustry classification is deﬁned by the es-
tablishments, of which the|company consists. Based on a main product of establishment, each of the
different establishments within one company is classified into different industries, individually. All
outputs, which can include different products, produced by cne establishment is defined as the output
of the same industry, to which the establishment belongs. 'Ihe- make-table describes the product-mixby -

industry.

Comp Soft Comp Ind Soft Ind 1 X
Comp
Soft +a +a
w = =
Soft
Ind
L
D i
o +y
x [ Y ] et

Figure. 17 Capitalization of Own-Account Software: Appbach—l

For example, if the comjputer manufacturing industry develops software originals not to be sold,
we have two options to define the output of the computer industry: the industry outputs including
the production of own-accpunt software or excluding it. Figure 17 shows the rebalanced IO table after
capitalization of own-accofint software, if we define the output in computer industry as the product-mix
of computer and own-accqunt software. The original output in computer industry should be increased
by the produced value (a) of own-account software. The input balance of computer industry in the
use-table is retained by the increase (8) of the consumption of fixed capital for own-account software
and the increase (y) of the pperating surplus, which is defined by y = a - §. At the make-table, the value
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(a) produced by computer|industry is described as the increase of the production of software. Finally,

The second approach to|describe capitalization of own-account software is shown in Figure 18. In
this case, the original output value of the computer indusitry remains unchanged since the output is '
defined excluding the profluction of own-account softwate in computer industry. Here, in order to
produce own-account , the labor cost is y,, consumption of fixed assets is y3, operating surplus
is 4, and the other int iate consumptions are y;. The production value is defined as the total cost,
a = ¥ +¥2 +¥3 + y4. In computer industry, these costs are redluced by the cost for producing computer.
Instead, capital service cost for using own-account software should be described. In terms of the first
approach in Figure 17, thatlis g and y. The value (a) of own-account software is counted to be produced
by the software industry. [The increased value (a) i$ described at the diagonal in the make-table and
capitalized in investment software production. The increase of value added, which is equalized
with the increase of final demand (a), are y; in the computer industry and vy, + y3 + ¥4 in the software
industry.28

Comp Soft Comp Ind Softhd | X
Comp
-yl +yl +0
Soft | - T T
—— = ——— ‘
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L 2 ‘ 42
D B-y3;: 3
o 4y 4
x | - wi] [ £0 fut| =yHyzeydye

Figure. 18 Capitalization of Own-Account Software: Approach-2

Probably, the first apprgach is easier for rebalancing I0. On the other hand, we have to redefine
industry output prices ev%ain non-software industries, which should be defined as the aggregate prices -

‘2 In our example, for simplicity, we neglect own-account software produced by governunent sector. If it is included, gross
output of the government spctor decreases by the value of own-accoumit software and increases by the value of consumption
of own-account software. efinition of government output leads to an adjustment of government consumption in final
demand. In the economic system, increase of the GDP is (increase of investment for own-account software;a) - (own-account
software produced by gov ent) + (consumption of own-account software of government).

34




of commodities between the original outputs and the own-account software produced by the industry,
based on the product mixes in the make-matrix. Also, the measured productivities in non-software
industries are sensitive to fhe change of the price for own-account software, which may be frequently

In order to avoid the praduct-mix problem in non-software industries, the second approach may be
preferable. In this case, there is no need to redefine mdustry output prices in non-software industries.
However, it makes it difficylt to keep the consistency with detailed labor inputs. Labor inputs are cross-
dlassified by sex, age, edudation, class of worker, and industry, like Jorgenson-Ho-Stiroh[forthcoming}
for the US. productivity acounts and Nomura{2004] for Japan. Ifwe don’thavea category of occupation
for labor inputs or we don’t reconcile software professionals for producing own-account software to
the categories in labor inptts, the generated bias may be not negligible, especially, for some IT related
industries like computer manufacturing and communication.
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