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Story on Productivity Paradox

Productivity Paradox:

*R.Solow remarked in1987 that “you see the
computer revolution everywhere except in the
productivity data.”

Conceptualization Problem:

* Greenspan pointed out that the negative trends
in measured productivity in many service
sectors seemed inconsistency with the facts that
they ranked among the top computer-using
industries.

*Questions raised by Greenspan on the accuracy
of the computer price index.



Productivity Trends in 1990s
- U.S. vs. Japan and Europe -

Robert E. Rubin, former Secretary of the Treasury, pointed
out that the return of the productivity in the U.S. at the first
half of 1990s and raised several factors for the recovery.

The restoration of sound fiscal policy.

Advances in technology contributed to the US productivity
growth.

America’s culture and historical disposition to take risks and
embrace change.

More flexible labor market .

Openness of the market: Japan’s and Europe’s relatively less
open markets protected companies and reduced their incentive
to become more efficient.
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* At first, I will observe the facts on productivity growth

by commodity by 7 Japanese linked Input-Output
tables since 1960 and summarize recent features on the
productivity growth in Japan.

* How to evaluate the contribution of intangible assets on
productivity growth.

/ Classification of intangible assets.

/ Treatment of intangible assets in current SNA and
Input-Output framework

Software

"Innovative property

* Economic competencies
" Problems to be solved



Linked IO Tables and Related Data

* Linked 10 Tables

/60-65-70 Linked: 339 commodities
/65-70-75 Linked: 392 commodities
/70-75-80 Linked: 394 commodities
/75-80-85 Linked: 349 commodities
/80-85-90 Linked: 353 commodities
/85-90-95 Linked: 394 commodities

/90-95-00 Linked: 394 commodities
" Time-series Labor and Capital Service

(Keio Economic Observatory Data)

Input Quantity and price Index: 43 Industrial
sectors : (1960-2000)



\Triangulation and Technology Linkage\
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Technology Linkage: Semiconductor production‘
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Productivity Analysis:
Commodity-base Own TFP
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Unit Structure & Static Unit TEP
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Annual Rate of Own and Static TFP by Commodities during the period 60—65
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Difference between Static Unit and Own TFP : 1960-1965
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Annual Growth Rate of Own and Static TFP by Commodities during the period 65-70
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Difference between Static Unit and Own TFP: 1965-1970
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Annual Growth Rate of Own and Static TFP by Commodities during the period 70-75
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Difference betwen Static Unit and Own TFP : 1970-1975
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Annual Growth rate of Own and Static TFP by Commodities during the Period 75-80
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Annual Growth Rate of Own and Static TFP bt Commodities during the Period 80-85

L:Service

O Own TFP
B Static TFP

J:Auxiarv

H:Mjaterial Products

G:Other Manu

Products

F:Stone&Clav P

E:Food Products

D:Metal Produlcts

C:Electric&Elect

B:Machinerv&

A:Gonstruction

Products

facturing

roducts

ronic Pro

FEauioment

duct

JJJ L BLLLLLLLLLLE

BIB BBGCGF§P

AAB

50

o
<

o
w@

20

-10

=20 -

Commodities



25

20

15

= 10

Differences between Static Unit and Own TFP: 1980-85

Non-ferrous metal Prod.

m .l\h M\HMH..\ |‘\‘HHMHHH

11 21 31 41 51 61 71 81 1 101 111 121 131 141 151 161 171 81 191 201 211 221 231 241 251 261 271 281 291 301 311 321 331 341 35

Commodities

O difference



Annual Growth Rate of Own and Static TFP by Commodities during the Period 85-90
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Defference between Static Unit and Own TFP: 1985-1990
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Annual Growth Rate of Own and Static TFP by Commodities
during the Period 90-95
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Commodities

Differences between Statric Unit and Own TFP 1990-1995
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Annual Growth Rate of Own and Static TFP by Commodities during the Period 95-00
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Differences between Static Unit and Own TFP 1995-2000
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Changes of TFP Paterns During 1990—95 and 1995—2000

(Price) Own & Unit TFP : 95—00

Domar Weight]
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(1)Both Own (b) &
Unit (a) TFPs are
negative and
differences (a—b)

(4) Both Own(b) &
Unit(a) TFPs are
negative, but differences
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1 Capital formation in 2000 (Electronic computing equip.) ~ —¢— Annual own TFP growth ('95-'00) =~ —— Annual unit TFP growth ('95-'00)
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[ Capital formation in 2000 (Software) —— Annual own TFP growth ('95-'00) —&— Annual unit TFP growth ('95-'00)
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Classification of Intangible Assets
defined by CHS

(1)Computerized information
1-1) Custom software
1-2) Packaged software
1-3) In-house software
1-4) Data base
(2)Innovative property
2-1) Science and engineering R&D
2-1) Mineral exploration
2-3) Copyright and license costs
2-4) Other product development design and
research expenses
(3) Economic Competencies
3-1) Brand equity
3-2) Firm-specific human capital
3-3) Organizational structure

Note: c.corrado, C.R.Hulten and D.E.Sichel, (2006) ,”Intangible
Capital and Economic Growth”, Working Paper 11948, NBER



Measurement of Software

Figure 1 Production Process and Use of Software (O
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\

Reproduction of Original

(a) Own-account Original Software

(b) Purchased Original Software

—>| Use in Reproduction '—

*Original as Investment

—’| Use in Other Production
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Use in Other Production

5 Licenses to Use

*Copies as Investment

(c) Prepackaged Software

Embedded onto Other

Products

*Copies as Intermediate
Consumption
(DPre-installed Software

A

Use in Reproduction

Note: (1) This figure is referred from Nomura(2004).

Licenses to Reproduction

*Copies as Intermediate

Consumption

K. Nomura (2004) ,”Capitalizing Own Account Software in Japan”

Keio Economic Observatory, Discussion Paper




Software Measurement
in the Japanese 10 and SNA

10 framework: a) Customized software has been
measured since 1980 as a commodity of information
service industry. But it has not been capitalized. They
were treated to be allocated into intermediates and
consumption. b) Since 1995, customized software are
capitalized and since 2000, package software was added
into intangible assets.

*SNA framework: Since 1995 customized software,
Mineral exploration and plant engineering were
treated as intangible assets. Since 2000 package
software was added.

" Pre-installed software is treated as intermediate input.
*Own-account software has not been capitalized so far.



Capitalizing Own-accounts Software

In the Japanese 10 and SNA, so far the own-account
software has not been treated

We could understand the current treatment as the
following alternative explanations.

1) Hypothesis 1: Own-accounts software seems to be
included in the in-house R&D activities and allocated
as intermediate inputs.

| =
2) Hypothesis 2: Own-accounts software seems to be
included in every industry activities implicitly.

| —




R&D Activity Hypothesis

* Intra-enterprise R&D activities by industry
has been identified in 10 and its outcome
including own-account software development is
assumed to allocate to industries as
intermediate inputs. Therefore in order to
capitalize own-accounts software, firstly, we
have to separate it from intra-enterprise R&D
activity and secondly capitalize it.

* GDP measure is increased by capital
formation, while GDI measure is increased by
imputed rents + capital consumption allowance
by own-account software as an intangible asset.



Industry Activity Hypothesis

*Own-accounts software activity assumes to be
included in the industry activity implicitly.
Then, own-accounts software activity has to be
identified from the industry activity.

" Because own-accounts activity has been already
included implicitly in the industry activity,
treatment we have to do is only to identity the
own-accounts software accounts from each
industry activity and capitalize it.

*GDP is increased by capital formation and GDI
is iIncreased by capital consumption allowance.



Alternative Methods on the Evaluation of
R & D Activities by 10

*Current Treatment of the R&D Activities in the Japanese Input-
Output Table

1) Classification
Research Institutes for National Science (Public)
Research Institutes for Cultural & Social Science (Public)
Research Institutes for Natural Sciences
(Private & non- profit)
Research Institutes for Cultural & Social Science
Private & non-profit)
Research Institutes for Natural Sciences (Profit making)
Research Institutes for Cultural & Social Sciences
(Profit making)
Research and Development (intra-enterprise)



Current Treatment of R&D in JIO

2. Gross Output evaluated by Cost structure
Gross Output = Total Intermediate Cost
+ Labor Compensation
+ Capital Consumption allowance

where gross output in R&D sectors except profit
making activities is evaluated by the total amount of
cost, and that in the profit making R&D institute is
added certain of profit to above cost.

The deflator of gross output of the R&D activities in
the institutes except the profit making institute is
estimated by the cost structure. That means that TFP
growth in R&D sector assumed to be zero by definition.



Current Treatments of R&D
in JIO

3. Outputs of the R&D activities, which are
estimated by the information of
expenditure side, are allocated into the
using sectors as the intermediate inputs,
but not into the final demand.

It implies that R&D activities do not
have any accumulation of the knowledge
stock in the society.



Alternative Treatments of R&D Activities

R&D activities assume to accumulate the knowledge stock to
create new innovative action in the society. Some parts of the
knowledge are freely distributed and the other are distributed
with some charge. Whatever freely or non-freely available, we
have to evaluate R&D activities by the cost.

The R&D activities will accumulate the knowledge stock in the
society. We have to evaluate the R&D activities not only in the
current transaction, but also in the capital investment for the
knowledge stock as intangible assets. We need information to
allocate the output into intermediate demands as well as final
demand by the using sectors.

The knowledge stocks which are accumulated by the R&D
activities Is going to create new capital service dynamically. In
the using sectors, they will capitalize the innovative capital
service as capital input from the knowledge stock.



Treatment of Activities though Intangible Assets

1. Activities though investment for intangible assets are assumed
to create the knowledge stock dynamically though intangible assets
as well as the static changes in flow of intermediate transaction.

2. We have to estimate the knowledge stock as intangible assets by
sectors and capitalize the service input dynamically.

Static |
Structure

Dynamic
Structure:
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