the total number of software professionals adjusted by limiting factors in each industry. If the limiting
factor is zero, software professionals in all non-software industries are assumed to be engaged only
in the production of own-account software. The mtercept on the vertical axis means the number of
software professionals in software industry and government. | '

If we apply the BEA’s 0.2 percent rule for each non-spftware industry, 183.5 thousand software
professionals should be deducted in total. The total deduction rate is 75.4 percent in non-software
industries, as shown in Figure 3(b). Table 5 represents the adjusted numbers and the deduction rates
of software professionals by industry in 2000, when the Mlhg factors are 0.1 percent, 0.2 percent, 1.0
}Sercent, and 2.0 percent. In the case of applying the 0.2 pex?:ent limiting factor, 96.1 percent of software
professionals in the communication industry are deducted Also, for manufacture of communication

| equipment, computer, and peripheral equipment, 93.6 peﬂ:ent are deducted. The deduction rates for
the two industries, which represent IT users and I'If"produdiens, respectively, seems too large.

In all of the non-software industries, the share of software professionals to total employee is 0.5 percent
(0.7 percent for males and 0.1 percent for females) in 2000. The 0.2 percent rule used by the BEA seems
too restrictive to apply to the Japanese occupational structure by industry. In the case of the 2.0 percent
limiting factor, 46.9 thousand employees are deducted and the deduction rateis 19.3 percent in total. The
deduction rate in commurication industry is 68.4 percent and that in manufacture of communication
equipment, computer, and peripheral equipment is 48.3 peruent, as described in Table 5. Even in this
case, the impact to some IT-related industries may be too large.

Examining the make-table, which describes product-mix by industry, non-software industries produce
only 2.5 percent of the total output of software and information services in 2000."2 Software professionals
in non-software industries are unlikely to be engaged in custom software production. Prepackaged
software produced by norwsoftware industries may be indluded in this 2.5 percent at the make-table.
Although software professionals for the reproduction of prepackaged software must be excluded here,

- the production cost of originals for prepackaged software shbmld be capitalized as own-account software.
Here, we assume that the cost for reproductions is negligible and that all software professionals linked
to prepackaged software are engaged in the production of the: originals to be reproduced. In this paper,
we account all software professionals in non-software industries to be engaged in the production of
own-account software, as originals to be reproduced or to be used in other production.

3.3.2 Software Professionals in Software Industry

“The second procedure is the adjustment of the number of workers in the software industry. Software
professionals in the software industry are engaged in the production of own-account software, custom
software, and prepackaged software, For the adjustment of reproduction of prepackaged software, we
assume all software professionals linked to prepackaged sofiware are engaged in the production of the

is 68.4 percent in computer programming and other software services and 26.2 percent in data processing and research
information services. Although we examine employee and employment in Figure 3, software professionals as self-employed
and unpaid-family worker: are excluded from our measurement be¢ause of difficulties in applying the 50 percent deduction
rule for adjusting working time.

*12 The make matrix is one of supplementary tables of benchmark input-output table pubhshed by Ministry of Internal Affairs
and Communications (MIC), Japan.
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Table.5 Software Professionals in Non-Softwar¢ Ixdustry and Limiting Factors

Original 20% ©10% 02% 0.1%

1.Agriculture, Forestry, Fishery 3 31 (0.0 i (00) 31 (0.0 31 (0.0)
2.Coal Mining 3 3 (0 3 (o) 3 (o) 3 (86)
3.0ther Mining 10 10 (0.0 8 (549 2 (83) 1 (915)
4.Construction 10170 10170 (0.0) w10 (0.0 9560  (6.0) 5133  (495)
. 5.Foods 2409 2409  (0.0) 249 (00 1427 (403) 837 (652)
6.Textile 468 48 (0.0 48 (0.0 311 (335) 193  (58.8)
" 7.Apparel 526 s26  (0.0) 506 (0.0) 298 (433) 176  (665)
8.Woods and Related Products 19 119 (09 e (00 16 @1 84 (292
9.Furnjture and Fixture @22 22 (0.0 47 (00 247 (415) 135 (68.0)
10.Paper and Pulp 745 745  (0.0) 718 (0.0 43 (445) 244 (673)
11.Printing and Publishing 5735 5661 (1.3) usr (9.7 1359  (763) 685  (88.0)
12.Chemical Products £47 4047 (OO BsR (7.8 1048 (747) 536 (87.1)
13 Petroleum Refining 332 ®2 (0.0 211 @66 Q2 (@2 21 (936)
14.Coal Products 72 72 (00 . (.0) 19 (734 10 (867)
15.Rubber Products 595 595  (0.0) ‘508 (0.0) 302 (492 153 (743)
16.Leather Products 36 3% (0.0 L e (o) 36  (00) 29 (203)
17 Stone, Clay, Glass 768 768  (0.0) 758 (0.0) 493 (35.8) 345  (55.0)
18.Iron and Steel 1767 1767  (0.0) 1767 (0.0) 536  (69.7) 268 (84.8)
19 Non-ferrous Metal 1273 173 (0.0 1273 (0.0 326 (74.4) 176  (86.2)
20 Metal Products 3468 348  (0.0) Be  (0.0) 1864 (463) 957 (724)
21 Machinery exd Computers 13962 13952 (0. W00 (284) 200 (842) 1100 (92.1)
22 Comm. Eq., Computer, and Parts 43067 2770 (483) 1B44  (68.9) 2766  (93.6) 1383 (96.8)
23.Other Electrical Mach 11962 8619 (79) Bin (68 1273 (894) 637 (947)
24 Motor Vehides 5868 5868  (0.0) BBi8 (0.0 1677 (714) 839 (85.7)
25.0ther Transportation Equipment 1667 1578 (5.3) 208 @77 331 (802) 65  (90.1)
26 Precision Instruments 4335 3908 (9.9 219 (50.4) 548 (87.4) 274 (937)
27.Other Manufacturing 3666 3521 (4.0) 228 (0.9 1219 (667) 682 (81.4)
28 Railroad Transportation 818 818 (0.0) ‘gis  (0.0) 531  (35.1) %5  (675)
29.Road Transportation 1811 1811 (0.0) 1811 (0.0) 811 (0.0) 1571 (133)
30.Water Transportation 134 134 (0.0 14 (00) 134 (0.0) 80 (40.0)
31.Air Transportation 309 309 (0.0 3%  (0.0) 65  (79.1) 32 (895)
32.Storage Facility Service 540 540  (0.0) 518 (0.0) 230 (573) 128 (763)
33.Communications 16300 5158  (68.9) 2918  (821) 640  (96.1) 24 (98.0)
34 Electricity 1144 14 - (0.0 nu (00 308 (73.) 154 (865)
35.Gas Supply 401 “1 (00 416 (56) 102 (769) 51  (884)
36.Water Supply 200 200 (0.0) 20 (0.0) 200 = (0.0) 129 (353)
37.Wholesale and Retail 39404 |22 (1579 M8 (36.9) 10661  (729) 6675 (83.1)
38 Finance and Insurance 16650 16649 (0.0 w5 (37.8) 3154  (8L1) 1681  (89.9)
39.Real Estate 800 800  (0.0) (80 (0.0) 797  (04) %2 (122)
40 Education 1451 1451 (0.0 45 (0.0 1451  (0.0) 1320  (9.0)
41 Research 4835 4089 (154) 2266  (53.1) 501  (89.6) 251 (948)
42 Medical Care 1797 1797 (0.0 1797 (0.0) 126 (318) 776  (56.8)
43 Other Service 39256 35332 (10.0) 2% (32 9728  (752) 5840  (85.1)
Total 243513 196634  (19.3) 14867  (38.9) 59986  (75.4) 34835 (85.7)

Unit number of software professionals in non-software industries in 2000 (only epnplbyee). Deduction rates by limiting factors are in ().
Software industry, goverfunent, and. not elsewhere dassified (nec) are excluded in this table.
Industry dassification is aggregated from 217 industries, to which limiting factors ate applied.
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originals to be reproduced, as described in section 3.3.1. By this assumption, all software professionals
in software industry are engaged in the production of originals to be reproduced, to be sold, or to be
used in other production. We have to exclude the number of software professionals engaged in the
production of originals to be sold, since it is already capitalized as custom software of the purchasers.

As described in the first footnote in section 1, the Japangs¢: benchmark 2000 input-output table does
not éapita.lize own-account software. The costs for producing own-account software are internally
described as intermediate consumption, labor costs, operating surplus, and so on, in each industry. In
the software industry, output is defined by prepackaged soitware and custom software, although the
inputs may include the costs for developing awx'\—ac'countséﬂware. In the benchmark 2000 input-output
table, the output share of custom software i 67.4 percéﬁt.‘” Here, we consider the 67.4 percent of the
number of software professionals to be engaged-ifritie proéimction of custom software in 2000.

In order to estimate software professionals engaged in the production of originals to be own-used
in software industry, we apply 0.7 percent for males and 0.1 percent for females, as shares to total
employees in 2000. These ratés are the shares of softwaré, professionals over total employees in total
non-software industries.”* Although the number to be ad;:lvd is small by this adjustment, almost two
thirds (66.4 percent) of software professionals in software ihclusfry are deducted in 2000. .

As a result, the total estimated number of software préfessmnals for own-account software at the
aggregate level is 416 thousand (362 thousand males and 53 thousand females) in 2000. It means the net
* deduction rate of total software professionals is'44.8 percent. As mentioned in section 3, the share of
software professionals in the software industry has a clear upward trend. Because of this upward trend
and the changes of the above deduction rates, the net deduction rates in total software professionals are
42.8 percent in 1990, 242 peroent in 1980, 11 l?ercmt in 1971) respectively. The difference between the
adjusted total number of software professionals estimated using the modified BEA’s methodology_in’
this section and the harmonized estimates by the OECD Task: Force in §éction 3.2 tends to expand.

3.3.3 Labor and Non-Labor Costs

In order to exclude working time spent on minor revisions and maintenance of own-account software,
we use BEA's 50 percent deduction rule, which is also recommended by the OECD Task Force as an
upper limit. Based on the average wage of programmers and system engineers by the Basic Survey on
Wage Structure (MHLW, Japan), we estimate labor costs for the production of own-account software by
industry. Average wages are defined as annual wages per worker for males and females, respectively."®

“® In the Survey of Selected Service Industries (SSSI) for information secvice industry by METI (Ministry of Economy, Trade
and Industry, Japan), the production share of custom software ih ithe software industry is 85.2 percent in 2000. The
production of prepackaged software for business use and games m 4851 are almost same as the benchmark 2000 IO. The
gap Was mainly from the ]:vroducbon of other software, which shotld be interpreted as the difference of coverage of both
statistics.

** In 1995, 0.62 percent for males and 0.14 percent for females. This shares increase from 0.15 percent for males and 0.03
th for fernales in 1970.

*15 We use the same average wages by sex for each industry. The averm wage for females is 11.6 percent lower than the wage
. for males as programmers and also 20.0 percent lower as system er{gi.mers in 2000. For miales, wages for system engineers
are 39.2 percent higher than the wage for programmers and 2591 ppercent higher for females in 2000, as well. Here, we
compute average wages in two occupations by sex, using the numbkr of the workers as weights in the benchmark year and
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- To add social contributio
but bears, we compute the

mark input-output tables.
2000.

The ratios of non-labor co
ratio in 2000 is 1.508 and the

ns and some allowances, which companies do not directly pay to employees
expansion rates for wages in infarmation service industry based on bench-
The expansion rates increase fram. 7.5 percent in the 1960s to 14.6 percent in

st over labor costare computed from the benchmark input-output tables. The
» ratios are almost stable within arrange of 1.4-1.6 during 1960-2000. Lequiller-

Ahmad—Vaﬂmern—CavéAh 2003] reports the ratios are 0460111 Canada (1995), 1.498 in Denmark (1997),
0.885 in Finland(1995), 0.604 in Italy (1998), 0.995 in Swe4an (1999), and 4.017 in the US. (1992). In
comparison with other OECD counties, the ratio in Japan ib at the highest level. At the nominal value,

the higher non-labor cost

among countries. Nomura
the relative price for GDP i
costs per worker is 32.3 pes
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4.1 Comparison with

In the previous section, v
shows the estimated total i
ology and the comparison
section 3.2.°18

In 2000, the estimated res
estimate. Although we mc
that in the U.S. As shownin
estimate in 2000.1?

Impacts of Own

Japan should be reasonable, reflecting the differences of relative prices

Samuels[2003] describes the relamve price for labor per worker is 1.120 and

1.443 between the U.S. and Japan in 2000 The GDP price relative to labor
centage point higher in Japan in comparison with the U.S.*"

-Account Software Investment

Other Estimates in Japan

Ee estimate own-account softwate investment by industry in Japan. Figure 4
vestment for own-account software based on the modified BEA’s method-

with the harmonized estimates by the OECD Task Force methodology in

ults here is 3107 billion yen, which is8],3 percent lower than the harmonized
dified the BEA’s methodology, the gap of the two estimates is very close to

Table 4, the BEA's official estimate ig 374 percent Iower thanytie harmonized

*7 Our estimates by industry
IO table for capitalization o
18 Before 1970, we estimate by
and technical employees, b

In interval periods betweer
number of workers for proj
aggregate level. The interpc
industry share, which is in
employees by sex by indus'

‘1% Here, the ratios of non-lal
described in section 3.3.2, 1
1970 to 44.8 percent in 2000

i T&mqwstwagemdex.

rate, the relative price is less than ohe. In Nomura-Samuels{2003], the PPP for labor input
ified data, which has 1260 categori¢s, by sex, age, education, dass of worker, and industry

have to be consistently described in our time-series input-output table. The description of the
own-account software is discussed in Appendix.
values by sex every five years diring 1955-1970 based on the number of professional
use the number of workers classified inlo JSCO-06 is not separated in the Population Census.
benchmark years, we interpolate the totil number of software professionals by sex using the
and system analysts from the Busic Survey on Wage Structure (MHLW, Japan) at the
lated number of software professionals by sex is distributed to industries based on the tentative
erpolated values using the benchmark value in each benchmark year and the growth rates of
in the interval periods. :
r cost over labor-cost in Japan are higher than that used for the harmonized estimates. As
total deduction rate mtotdsoﬂwax‘pmfasmlshasupward trend, from 11.1 percent in
| In 1980, the estimates based on the twd methodology are very close, as shown in Figure 4.
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Figure.4 Own-Account Software Investment ir Iafpan: Comparison of Two Estimates

Table 6 and Figure 5 show our estimated results by type of software, compared to the other Japanese

estimates, Miyagawa[2003
the aggregate level."?® For
estimate is close to Motohs
2000, Motohashi’s estimat«

From the view of the pa
tohashi exclude all softwa
investment in own-accour
software originals and re
reproduced should be recc

The estimates of custom
can make use of official est
input-output table. In 198
accounts. We set it to the s
the embedded software or
among three estimates lox
estimate does not exclude

As total investment of sc
yen, which is almost 2.0 p
software investment in cu
percent for 1992-98 (Parke

and Motohashi[2002], which estimate own-accourit software investment at
own-account software shown in the center figure in Figure 5, although our
ishi’s estimate in 1990, his estimate has a different trend in the early 1990s. In
» is 13.5 percent lower than our estimate, which is close to Miyagawa’s.
int of methodology, own-account software estimates in Miyagawa and Mo-
Le professionals in software mdw,try, in order to avoid double-counting of
1t software and prepackaged software. However, as clarified in section 2.1,
production must be conceptua]iy distinguished. Software originals to be
rded as investment by the producers of the copies.
software investment are very sizj'niﬂlar after the 1990s in particular, because we
imates in the Japanese national accounts after 1980 and the 1985-90-95 linked

, the two estimates are about 40 jpercent lower than that in official national

as the official estimates. For prepackaged software, we have to exclude

to other products as GFCF. The trends of prepackaged software investment
k similar, although the levels ih 2000 are different. Probably, Motohashi’s
the embedded software. : :
ftware shown in Table 6, all of the three estimates in 2000 are almost 10 trillion
ercent of GDP in Japan. In the U.$., the average annual growth rates of total -
rrent values are 38.7 percent for 1959-79, 15.7 percent for 1979-92, and 12.3
r-Grimm{2000]). Growth rates in our estimates are respectively 29.8 percent,

*2 Our estimates of software
in Nomura(2004] (Chapter
national accounts after 198
it backwardly. Also, prepa
IO table.

investment d uring 1955-2000, except own-account software estimated in this paper, are described
-A). Our estimates of custom software inivdstment is set equal to the value in the Japanese official
, until which the ESRI (Economic and Sotidl Research Institute, Cabinet Office of Japan) estimates

ged software investment in our estimatizs in 2000 is set to the same as that in benchmark 2000
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Table. 6 Software Investment in *pan: Comparison with Other Estimates
1960 1970 1975 1960 1985 1990 1995 2000
Custom Software K . ' ‘
Miyagawa T 9692 44665 2463%2 1363067 2751524 3575611  6150076'
Motohashi - ~ 54959 260102 1623896 3266059 3575611 6497791
Nomura 1075 26725 114245 430500 1292300 3390200 3561600 6698300
Own-Account Software ‘ ,
Miyagawa = 35690 148268 323207 975185 2071658 2328775 3245550°
Motohashi ~ - 188929 359649 1211011 1885213 1856936 2685696
Nomura 1600 2580 219646 481559 1156191 1877514 2267517 3106820
Prepackaged Software : f
‘Miyagawa 2793 10552 40890 172924 357371 272734  415195°
Motohashi - - 12158 59432  $76050 876394 702039 1303861
Nomura 134 3342 13883 48202 183251 449847 424381 649757
Total Software v |
Miyagawa — 48175 203485 610489 2516176 5180553 6177120 9810821
) : (288) (200 (83) (14.9) (35) (9.3)
Motohashi V- - 256046 688183 3P10D57 6027666 6134586 10487348
| () (198 (308  (126) (0.4) (10.7)
Nomura 2009 92648 347774 960352 2631742 5717562 < 6253498 10454877
Fm (350) (265 (203) . (02) (155 (18 (103

unit: million yen (nominal). Miyagwal2003}( 1999 value is written in 2000, in this table.), Motohashi[2002]).
Nomura's estimates in custom software is set equal to the official national actounts after 1980.

Nomura’s estimates in prepackaged software is set equal to benchmark inpui-output table in 2000.
Average annual grow#h rates of nominal values during five years are written in () '

16.5 percent, 4.2 percent for the same penods The growth tat‘b&s and the diminishing trends are similar
between the U.S. and Japar. '

=

4.2 International Comparison

International comparison of shares of own-account software investment to official GDP is in Figure
6(a) and for total software investment to GDP is in Figure 6(b) ‘21 In Japan, the share of own-account
software to the GDP, which is adjusted to include all softwire investment, is 0.60 percent in 2000. It
is higher than that in the EU countries but Denmark. The US. has the highest share of own-account
software (0.73 percent) among the countries. As for total software investment in Figure 6(b), Japan
has 2.03 percent GDP attributed to software investment. It is slightly lower than that in the U.S. (2.07
percent). Although Sweden has the highest share in total software, we may take the difference of

*2 1n Figure 6, éac'h' share ﬁE each country is computed, based on the official national accounts, although Japan is the

exception. The share in the U.5.(2000) is from the BEA’s National Income and Product Accounts (NIPA). The others are
from Hermans{2002] for Belgium and from Ahmad[2003] for the other countries.
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