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Abstract 
 
The paper looks at the contribution of the market sector to changes in Japan’s living 
standards over the years 1955-2003.  Initially, a conventional Total Factor Productivity 
growth approach is taken where TFP growth is measured as year to year Fisher gross 
output growth divided by Fisher primary input growth.  The slowdown in Japan’s TFP 
performance in the post bubble period is documented.  The paper also shows what 
happens when inventories and land are omitted from the list of primary inputs.  The 
remainder of the paper looks at the market sector contribution to the growth in Japanese 
real income and decomposes this growth into three components: components due to 
changes in productivity, in real output prices (including changes in the terms of trade) 
and in primary input growth.  The exact index number approach developed by Diewert 
and Morrison and Kohli is adapted to this real income context.  Finally, the paper 
switches from a gross output concept to a theoretically preferred net output concept.  In 
the net output context, it turns out that the role of capital deepening as a contributor to 
higher living standards diminishes and the role of productivity and  labour growth 
becomes more important.  
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1. Introduction 
 
The Japanese economy, the second largest in the world, has experienced tremendous 
growth in the past half century but there has been a pronounced slowdown in the past 15 
years.  The primary purpose of this paper is to look at the contribution of Japan’s market 
oriented production sector to improvements in Japanese living standards over the period 
1955-2003.  In particular, we will focus on the relative contributions of Total Factor 
Productivity (TFP) growth, on the contribution of primary input growth and on the effects 
of changes in international prices to real income growth in the Japanese economy. 
 
In section 2 of the paper, we present a conventional Fisher (1922) TFP growth accounting 
for the Japanese economy for the years 1955-2003.  There have been several recent 
studies that do more or less the same thing so one might question the value of yet another 
study of Japanese TFP growth.2  However, all of these alternative studies cover a much 
shorter period (with the exception of Nomura (2004)) and there are other significant 
differences.  In the present study, we consider only the market sector of the Japanese 
economy where productivity improvements are possible under current national income 
accounting conventions.  This means that we eliminated the general government sector 
from our growth accounting (since output is measured by input in this sector) and we also 
eliminated all residential housing services (and the services of consumer durables) from 
our output concept.3  We also followed the conventions introduced by Jorgenson and 
Griliches on the treatment of taxes; i.e., we adjusted prices for tax wedges whenever 
possible so that the adjusted prices reflect the prices that producers face.4  We also 
included the services of inventories and land as capital inputs.  Our treatment of 
inventory change is also not conventional.5  We drew extensively on the web based 
resources of the Historical Statistics of Japan, the Cabinet Office and the Statistics 
Bureau in constructing our data set.6  We also made extensive use of the investment and 
                                                
2 Some of the recent studies are Hayashi and Prescott (2003), Miyagawa, Ito and Harada (2004), Jorgenson 
and Mitohashi (2005) and Jorgenson and Nomura (2005). 
3 Owner occupied housing and consumer durables are also zero productivity sectors; i.e., output is 
proportional to input in these sectors.  We should include the services of rental housing in our productivity 
data base but it proved to be too difficult to determine what portion of land and structures were used by 
owner occupied housing versus rental housing so we eliminated the services of all residential housing 
services from our market sector outputs.  However, new investments in residential housing were included 
as outputs of the market sector. 
4 Thus our suggested treatment of indirect commodity taxes in an accounting framework that is suitable for 
productivity analysis follows the example set by Jorgenson and Griliches who advocated the following 
treatment of indirect taxes: “In our original estimates, we used gross product at market prices; we now 
employ gross product from the producers’ point of view, which includes indirect taxes levied on factor 
outlay, but excludes indirect taxes levied on output.” Dale W. Jorgenson and Zvi Griliches (1972; 85).   
5 The current SNA treatment of inventory change does not give rise to meaningful deflators and so we use 
the methodological approach suggested by Diewert (2005a), which in turn is based on Diewert and Smith 
(1994). 
6 Some useful website addresses are: http://www.esri.cao.go.jp/en/sna/ (Statistics Information Site; 
Economic and Social Research Institute (ESRI), Cabinet Office, Government of Japan);  
http://www.stat.go.jp/english/data/chouki/index.htm (Historical Statistics of Japan; Statistical Research and 
Training Institute, Ministry of Internal Affairs and Communications); 



 3 

asset data in Nomura (2004) and many additional unpublished tables that he made 
available for this study.  One limitation of our study must be noted and that is the fact that 
we have no industry detail in our data base and thus we cannot locate the contributions of 
TFP growth in individual industries to the aggregate market sector TFP growth.7  An 
Appendix lists our final data set covering some 30 market sector inputs and outputs over 
the years 1955-2003. 
 
Also in section 2, we address an important issue in productivity measurement: namely, 
what are the effects of ignoring the contributions of inventories and business sector land 
services to both the market sector real rate of return and to the market sector rates of TFP 
growth.  We find that these effects are quite large in the case of Japan. 
 
In section 3, we change our focus from measuring TFP growth to another measurement 
problem; i.e., we attempt to measure the determinants of real income growth in Japan.  In 
this section and in sections 4 and 5, we adapt the analytic framework for productivity 
measurement that was developed by Diewert and Morrison (1986) and Kohli (1990) to 
the real income growth context.  The main determinants of growth in real income 
generated by the market sector of the economy are: 
 

• Technical progress or improvements in Total Factor Productivity; 
• Growth in domestic output prices or the prices of internationally traded goods and 

services relative to the price of consumption; and 
• Growth in primary inputs. 

 
We show how each of these effects can be quantified. 
 
In section 6, the methodology developed in the previous sections is implemented using 
our Japanese market sector data base for the years 1955-2003. 
 
In section 7, we argue that the models developed in previous sections are not quite 
appropriate for determining what factors cause real income to grow.  The problem is that 
up to this point, we have been using gross output as our output concept and a user cost of 
capital that contains a depreciation term.  In this section, we argue that the depreciation 

                                                                                                                                            
http://www.stat.go.jp/english/index.htm (Statistics Bureau, Ministry of Internal Affairs and 
Communications; the Monthly Statistics of Japan and the Japan Statistical Yearbooks can be found at this 
site).  The Historical Statistics of Japan (HSOJ) presents two sets of national accounts: one for the years 
1955-1998 using the System of National Accounts (SNA) 1968 and another for the years 1980-2003 using 
SNA 1993.  We encountered some major difficulties in reconciling the two sets of accounts.  Basically, we 
used SNA 1993 data back to 1980 and then spliced on as best we could the SNA 1968 data to extend the 
SNA 1993 series back to 1955.  Shuji Hasegawa from the Cabinet Office provided some valuable 
assistance to us in reconciling the two sets of accounts.    
7 Moreover, we cannot measure the contributions to aggregate TFP growth of shifts in labour resources 
from less productive sectors to more productive sectors.  Thus the productivity boom over the years 1955-
1973 was no doubt fuelled by the shift of labour resources from agriculture to industry and we are unable to 
measure the exact contribution to aggregate TFP growth of this shift (although its effects are reflected in 
the aggregate TFP growth).  On the other hand, industry price and quantity data are notoriously unreliable 
due to the lack of detailed surveys on gross outputs and intermediate inputs, for service industries in 
particular.  
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term in the user cost should be taken out of the user cost and regarded as a negative 
output that will act as an offset to gross investment.  Thus we move from a gross product 
concept to a net product framework.  This “new” approach is illustrated using our 
Japanese data base. 
 
Section 8 concludes. 
 
2. Japanese Productivity Growth: A Conventional Approach 
 
In this section, we measure the productivity growth of the market oriented sector of the 
Japanese economy using a conventional chained Fisher index number approach.  
Basically, TFP growth is set equal to a chained Fisher output index divided by a chained 
Fisher primary input index.  The output aggregate is an aggregate of the familiar C + I + 
G +X − M 8 and the input aggregate is an aggregate of L + K, labour and capital services 
components.  The production theory framework will be explained more fully in section 3 
below when we shift our focus to real income measures. 
 
There are 16 net outputs in our data base: 
 

• Domestic final consumption expenditures of households,9 excluding residential 
housing (both owner occupied and rental properties) at producer’s prices; 

• Final consumption expenditures of private non-profit institutions serving 
households; 

• General government purchases from the market sector; 
• Exports of goods and services (excluding direct purchases in the domestic market 

by non-resident households); 
• Minus imports of goods and services (excluding direct purchases abroad by 

resident households); 
• Residential construction investment; 
• Nonresidential construction investment (investment in business structures); 
• Other construction investment (engineering construction investment); 
• Computers, electronic and electrical equipment investment; 
• Motor vehicles and other transport equipment investment; 
• Other machinery and equipment investment; 
• Software investment; 
• Mineral exploration investment; 
• Changes in finished goods (wholesale and retail trade) inventory; 
• Changes in work in progress inventory; 
• Changes in materials inventory. 

                                                
8 G here is the usual government consumption aggregate found in the national accounts except general 
government labour input and government consumption of fixed capital (depreciation) are subtracted from 
the national accounts aggregate.  The resulting aggregate should be equal to the (net) purchases of the 
general government sector from the market sector.  Note that commodity tax wedges that fall on the outputs 
of the market sector have been removed from prices. 
9 This aggregate is equal to domestic final consumption expenditures of households less direct purchases 
abroad plus purchases of non-residents in the domestic market.  The sum of the last two items is small and 
so we will treat domestic final consumption as a good proxy for household final consumption expenditures.  
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There are 14 primary inputs in our data base: 
 

• Market sector labour input;10 
• Nonresidential construction (structures) services; 
• Other construction (engineering construction) services; 
• Computers, electronic and electrical equipment services; 
• Motor vehicles and other transport equipment services; 
• Other machinery and equipment services; 
• Software services; 
• Mineral exploration services; 
• Finished goods (wholesale and retail trade) inventory services; 
• Work in progress inventory services; 
• Materials inventory services; 
• Agricultural land services; 
• Business land services (commercial and industrial land services excluding 

commercial and industrial land used in the general government sector); 
• Forested land services (including the services of the timber standing on the land). 

 
The prices and quantities of the above 30 inputs and outputs are listed in the Data 
Appendix.  For each of the capital service inputs n, a beginning of the year t user cost Un

t 
of the form Un

t ≡ [rt + δn + τn
t] Pn

t / (1 + rt) was computed, where rt is the year t balancing 
real interest rate11 that makes the value of market sector outputs in year t equal to the 
corresponding value of primary inputs, δn is the constant geometric rate of depreciation 
for asset n, τn

t is the sum of specific and general capital tax rates on asset n in year t and  
Pn

t is the stock price of asset n in year t, which is assumed to equal the corresponding 
investment price.  The above components of the user costs are also listed in the Data 
Appendix. 
 
In Table 1 below, we list the Fisher year to year output and input growth factors, yt/yt−1 
and xt/xt−1 respectively along with their ratios, τt ≡ [yt/yt−1]/[xt/xt−1] (the TFP growth rates 
or more accurately, one plus the TFP growth rates), and the balancing year t real interest 
rate rt.12       
                                                
10 The labour input measure excludes general government employees.  The market sector labour input is an 
hours based aggregate of market sector employees, the self employed and family workers.  We assumed 
that self employed workers earned .67 times the wage of a market sector employee and family workers 
earned .33 times the wage of a market sector employee.  This is rather unsatisfactory and we hope to 
improve these estimates in the future.   
11 We assume that producer’s expect asset price inflation in year t to equal the general inflation rate.  This 
assumption causes the expected capital gains term in the user cost formula to cancel out with the Fisher 
effect on nominal interest rates, leaving a real interest rate in the user cost formula.  This assumption is not 
entirely satisfactory but other assumptions generally lead to negative user costs for land in Japan, which we 
wanted to avoid.  Our treatment of capital taxes is an average approach as opposed to the usual marginal 
approach.  We could not implement the marginal approach due to the complexity of modeling the Japanese 
tax code.  Moreover, a case can be made for using the average approach in any case.  
12 Note that rt was slightly negative in the years 1974 and 1978.  This did not cause a problem in our user 
costs since (positive) capital taxes always outweighed these two negative terms.  However, the existence of 
negative balancing real interest rates does illustrate a problem with using these endogenous rates rather than 
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Table 1: Fisher Chained Indexes of Output, Input and Productivity Growth and the 
Balancing Real Rate of Return in the Japanese Economy, 1956-2003. 
 
Year t         yt/yt−1       xt/xt−1           τt               rt     
 1956.     1.11089     1.05055     1.05744     0.02993 
 1957.     1.13045     1.05127     1.07531     0.03838 
 1958.     1.00747     1.03533     0.97310     0.02170 
 1959.     1.13767     1.03643     1.09769     0.02837 
 1960.     1.15791     1.04420     1.10890     0.03667 
 1961.     1.17788     1.04165     1.13079     0.04748 
 1962.     1.04966     1.04448     1.00496     0.03219 
 1963.     1.13036     1.03441     1.09275     0.03843 
 1964.     1.14388     1.04365     1.09604     0.04473 
 1965.     1.04259     1.04262     0.99997     0.03428 
 1966.     1.12095     1.05268     1.06486     0.03974 
 1967.     1.12901     1.04769     1.07762     0.04413 
 1968.     1.14330     1.03862     1.10078     0.05125 
 1969.     1.13089     1.04689     1.08024     0.05083 
 1970.     1.10212     1.04407     1.05560     0.04586 
 1971.     1.03201     1.03818     0.99406     0.02824 
 1972.     1.06591     1.03196     1.03290     0.02054 
 1973.     1.09695     1.04567     1.04904     0.01648 
 1974.     1.04474     1.00797     1.03648     0.01490 
 1975.     0.94364     0.99872     0.94485    -0.00121 
 1976.     1.06655     1.03347     1.03201     0.00516 
 1977.     1.03411     1.02770     1.00624     0.00182 
 1978.     1.02873     1.01936     1.00919    -0.00168 
 1979.     1.10179     1.02089     1.07925     0.00430 
 1980.     1.07161     1.02340     1.04711     0.01616 
 1981.     1.03011     1.02309     1.00685     0.01387 
 1982.     1.03933     1.02047     1.01849     0.01363 
 1983.     1.01051     1.03019     0.98090     0.00841 
 1984.     1.04736     1.01238     1.03456     0.01218 
 1985.     1.07489     1.02129     1.05248     0.01979 
 1986.     1.00342     1.02200     0.98183     0.01289 
 1987.     1.05007     1.02399     1.02547     0.01334 
 1988.     1.06141     1.02941     1.03108     0.01322 
 1989.     1.06592     1.02684     1.03806     0.01546 
 1990.     1.06747     1.02445     1.04199     0.01687 
 1991.     1.01770     1.02274     0.99507     0.01085 
 1992.     1.00688     1.01349     0.99348     0.01098 
 1993.     0.98630     1.00666     0.97977     0.00705 
 1994.     1.01604     1.00765     1.00833     0.00896 
                                                                                                                                            
an exogenous expected real rate.  However, for Japan, when we replaced the endogenous balancing real 
rates rt with a constant real interest rate of 2%, we found very little change in our results overall.  
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 1995.     1.01505     1.00979     1.00521     0.00751 
 1996.     1.04013     1.00788     1.03200     0.01021 
 1997.     1.02844     1.00544     1.02287     0.01088 
 1998.     0.97323     1.00219     0.97110     0.00566 
 1999.     0.99736     1.00142     0.99595     0.00517 
 2000.     1.03810     1.01692     1.02084     0.00823 
 2001.     0.99320     0.99501     0.99819     0.00373 
 2002.     0.99371     0.99834     0.99537     0.00336 
 2003.     1.01977     1.00072     1.01903     0.00599 
Average  1.0579       1.0255       1.0312       0.0193 
 
Thus the (Fisher) average annual growth rates for market sector outputs and inputs in 
Japan were 5.79%  and 2.55% per year respectively and the average rate of TFP growth 
over the period 1955-2003 was an excellent 3.12% per year.  The real rates of return 
averaged 1.93% per year.13 
 
However, there are some big variations in the averages over various subperiods.  Over the 
period 1956-1973 (up to the first oil shock), the average real rate of return was a very 
reasonable 3.61% per year and the average rate of TFP growth was a spectacular 6.07%  
per year.  The average real rate of return dropped to 0.39% per year over the oil shock 
years 1974-1979 inclusive and the rate of TFP growth dropped to 1.80% per year, which 
is still very good by international standards.  Over the bubble years, 1980-1990 inclusive, 
the real rate of return recovered to an average of 1.42% per year and TFP growth 
increased to 2.35% per year.  However, for the post bubble years 1991-2003, the real rate 
of return fell to 0.76% per year on average and the rate of TFP growth fell to a rather 
disappointing 0.29% per year. 
 
It is important to include land and inventory services in the list of capital services.  If 
these primary inputs are omitted from a productivity or real rate of return analysis, very 
distorted results can be obtained.  We illustrate this point by recomputing the balancing 
real rates of return and the Fisher TFP growth rates for Japan by omitting first land and 
then land and inventories from the asset base.  The results when land is dropped may be 
found in Table 2 below. 
 
Table 2: Fisher Chained Indexes of Output, Input and Productivity Growth and the 
Balancing Real Rate of Return in the Japanese Economy with Land Omitted, 1956-
2003. 
  
Year t         yt/yt−1       xt/xt−1           τt               rt     
 1956.     1.11089     1.05515     1.05282     0.08642 
 1957.     1.13045     1.05935     1.06711     0.10884 
 1958.     1.00747     1.04622     0.96297     0.06718 
 1959.     1.13767     1.04148     1.09236     0.08650 
 1960.     1.15791     1.05346     1.09915     0.11397 
 1961.     1.17788     1.05316     1.11842     0.14791 
                                                
13 When we include 1955 in the average, the average real rate of return increases slightly to 1.94% per year. 
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 1962.     1.04966     1.06103     0.98929     0.10569 
 1963.     1.13036     1.04471     1.08198     0.12734 
 1964.     1.14388     1.05637     1.08284     0.14322 
 1965.     1.04259     1.05420     0.98898     0.11036 
 1966.     1.12095     1.05367     1.06386     0.12718 
 1967.     1.12901     1.05107     1.07416     0.14463 
 1968.     1.14330     1.05296     1.08580     0.16540 
 1969.     1.13089     1.05561     1.07131     0.16683 
 1970.     1.10212     1.06036     1.03937     0.15304 
 1971.     1.03201     1.05231     0.98070     0.09924 
 1972.     1.06591     1.03953     1.02538     0.07805 
 1973.     1.09695     1.04681     1.04790     0.06946 
 1974.     1.04474     1.01153     1.03282     0.06073 
 1975.     0.94364     1.00190     0.94185     0.01363 
 1976.     1.06655     1.03452     1.03097     0.02733 
 1977.     1.03411     1.02808     1.00586     0.01972 
 1978.     1.02873     1.02009     1.00847     0.01419 
 1979.     1.10179     1.02170     1.07839     0.02643 
 1980.     1.07161     1.02527     1.04519     0.05161 
 1981.     1.03011     1.02652     1.00350     0.04673 
 1982.     1.03933     1.02272     1.01624     0.04664 
 1983.     1.01051     1.03255     0.97865     0.03549 
 1984.     1.04736     1.01472     1.03217     0.04494 
 1985.     1.07489     1.02250     1.05124     0.06504 
 1986.     1.00342     1.02661     0.97741     0.05125 
 1987.     1.05007     1.02615     1.02331     0.05687 
 1988.     1.06141     1.03135     1.02914     0.06109 
 1989.     1.06592     1.03052     1.03435     0.06757 
 1990.     1.06747     1.02942     1.03697     0.07088 
 1991.     1.01770     1.02936     0.98868     0.05351 
 1992.     1.00688     1.01669     0.99035     0.04673 
 1993.     0.98630     1.00840     0.97808     0.03262 
 1994.     1.01604     1.00809     1.00789     0.03289 
 1995.     1.01505     1.01072     1.00429     0.02877 
 1996.     1.04013     1.00849     1.03138     0.03357 
 1997.     1.02844     1.00621     1.02210     0.03264 
 1998.     0.97323     1.00307     0.97025     0.02028 
 1999.     0.99736     1.00213     0.99525     0.01749 
 2000.     1.03810     1.01702     1.02073     0.02238 
 2001.     0.99320     0.99534     0.99785     0.01377 
 2002.     0.99371     0.99820     0.99551     0.01240 
 2003.     1.01977     1.00016     1.01960     0.01575 
Average  1.0579       1.0302       1.0265      0.0672 
 
Note that all of the real rates of return are now positive and the average real rate of return 
has increased from 1.93% to 6.72% per year, an extremely large increase!  Moreover, the 
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average rate of TFP growth has decreased from 3.12% per year to 2.65% per year, a drop 
of almost 0.5% per year, which is a very large change indeed.14 
 
When both land and inventories are dropped, there are further changes as Table 3 below 
indicates. 
 
Table 3: Fisher Chained Indexes of Output, Input and Productivity Growth and the 
Balancing Real Rate of Return in the Japanese Economy with Land and Inventories 
Omitted, 1956-2003. 
  
Year t         yt/yt−1       xt/xt−1           τt               rt     
 1956.     1.11089     1.05435     1.05362     0.13736 
 1957.     1.13045     1.05801     1.06847     0.17433 
 1958.     1.00747     1.04263     0.96628     0.10939 
 1959.     1.13767     1.04467     1.08902     0.13644 
 1960.     1.15791     1.05543     1.09709     0.17840 
 1961.     1.17788     1.05911     1.11215     0.22450 
 1962.     1.04966     1.06224     0.98816     0.15736 
 1963.     1.13036     1.05236     1.07412     0.18335 
 1964.     1.14388     1.05947     1.07967     0.20283 
 1965.     1.04259     1.05599     0.98731     0.15330 
 1966.     1.12095     1.05656     1.06094     0.17349 
 1967.     1.12901     1.05276     1.07244     0.19585 
 1968.     1.14330     1.05305     1.08570     0.22543 
 1969.     1.13089     1.05686     1.07004     0.22575 
 1970.     1.10212     1.06241     1.03738     0.20496 
 1971.     1.03201     1.05413     0.97902     0.13156 
 1972.     1.06591     1.04291     1.02205     0.10093 
 1973.     1.09695     1.05065     1.04407     0.08712 
 1974.     1.04474     1.01384     1.03047     0.07605 
 1975.     0.94364     1.00055     0.94313     0.01911 
 1976.     1.06655     1.03564     1.02986     0.03516 
 1977.     1.03411     1.02829     1.00566     0.02595 
 1978.     1.02873     1.02046     1.00810     0.01934 
 1979.     1.10179     1.02290     1.07713     0.03298 
 1980.     1.07161     1.02551     1.04495     0.06285 
 1981.     1.03011     1.02620     1.00381     0.05752 
 1982.     1.03933     1.02292     1.01604     0.05754 
 1983.     1.01051     1.03216     0.97903     0.04448 
 1984.     1.04736     1.01513     1.03175     0.05574 
 1985.     1.07489     1.02234     1.05139     0.08028 
 1986.     1.00342     1.02556     0.97841     0.06400 
 1987.     1.05007     1.02722     1.02225     0.07028 
                                                
14 The intuitive explanation for this result is not hard to explain: dropping land (which grows slowly or not 
at all) from the list of inputs has the effect of increasing the average rate of input growth, thus decreasing 
the rate of productivity growth.  This effect is particularly pronounced in Japan with its high land prices. 
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 1988.     1.06141     1.03150     1.02899     0.07513 
 1989.     1.06592     1.03109     1.03377     0.08230 
 1990.     1.06747     1.02950     1.03688     0.08588 
 1991.     1.01770     1.02911     0.98891     0.06523 
 1992.     1.00688     1.01773     0.98934     0.05619 
 1993.     0.98630     1.00923     0.97727     0.03919 
 1994.     1.01604     1.00904     1.00694     0.03875 
 1995.     1.01505     1.01129     1.00372     0.03386 
 1996.     1.04013     1.00887     1.03098     0.03924 
 1997.     1.02844     1.00643     1.02187     0.03809 
 1998.     0.97323     1.00311     0.97021     0.02401 
 1999.     0.99736     1.00266     0.99472     0.02056 
 2000.     1.03810     1.01760     1.02015     0.02585 
 2001.     0.99320     0.99556     0.99763     0.01627 
 2002.     0.99371     0.99855     0.99516     0.01461 
 2003.     1.01977     1.00043     1.01933     0.01812 
Average  1.0579       1.0311       1.0255      0.0912 
 
Compared to the results in Table 2, the average rate of TFP growth has dropped another 
0.1% per year when we omit inventories (in addition to omitting land services) and the 
average real rate of return has increased to 9.12% per year, compared to the 6.72% when 
land is dropped and the original 1.93% when both land and inventories were present in 
the productivity asset base. 
 
The results presented in this section illustrate the importance of including both land and 
inventories in the asset base when doing productivity and rate of return studies. 
 
We turn now to a more theoretical framework where we will be able to determine the 
factors that explain real income growth in the Japanese economy. 
 
3. The Production Theory Framework for the Analysis of Real Income Growth 
 
In this section, we present the production theory framework which will be used in the 
remainder of the paper.  The main references are Diewert and Morrison (1986) and Kohli 
(1990).15  
 
Initially, we assume that the market sector of the economy produces quantities of M 
(net)16 outputs, y ≡ [y1,...,yM], which are sold at the positive producer prices P ≡ 

                                                
15 The theory also draws on Samuelson (1953), Diewert (1974; 133-141) (1980) (1983; 1077-1100), Fox 
and Kohli (1998), Kohli (1978) (1991) (2003) (2004a) (2004b), Morrison and Diewert (1990), Samuelson 
(1953) and Sato (1976).  The theoretical framework explained in this section was recently used by Diewert 
(2005b) and Diewert and Lawrence (2005b). 
16 If the mth commodity is an import (or other produced input) into the market sector of the economy, then 
the corresponding quantity ym is indexed with a negative sign.  We will follow Kohli (1978) (1991) and 
Woodland (1982) in assuming that imports flow through the domestic production sector and are 
“transformed” (perhaps only by adding transportation, wholesaling and retailing margins) by the domestic 
production sector.  The recent textbook by Feenstra (2004; 76) also uses this approach. 
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[P1,...,PM].  We further assume that the market sector of the economy uses positive 
quantities of N primary inputs, x ≡ [x1,...,xN] which are purchased at the positive primary 
input prices W ≡ [W1,...,WN].  In period t, we assume that there is a feasible set of output 
vectors y that can be produced by the market sector if  the vector of primary inputs x is 
utilized by the market sector of the economy; denote this period t production possibilities 
set by St.  We assume that St is a closed convex cone that exhibits a free disposal 
property.17 
 
Given a vector of output prices P and a vector of available primary inputs x, we define 
the period t market sector GDP function, gt(P,x), as follows:18 
 
(1) gt(P,x) ≡ max y {P⋅y : (y,x) belongs to St} ;                                    t = 0,1,2, ... . 
 
Thus market sector GDP depends on t (which represents the period t technology set St), 
on the vector of output prices P that the market sector faces and on x, the vector of 
primary inputs that is available to the market sector. 
 
If Pt is the period t output price vector and xt is the vector of inputs used by the market 
sector during period t and if the GDP function is differentiable with respect to the 
components of P at the point Pt,xt, then the period t vector of market sector outputs yt will 
be equal to the vector of first order partial derivatives of gt(Pt,xt) with respect to the 
components of P; i.e., we will have the following equations for each period t:19  
 
(2) yt = ∇P gt(Pt,xt) ;                                                                                 t = 0,1,2, ... . 
 
Thus the period t market sector supply vector yt can be obtained by differentiating the 
period t market sector GDP function with respect to the components of the period t output 
price vector Pt. 
 
If the GDP function is differentiable with respect to the components of x at the point Pt,xt, 
then the period t vector of input prices Wt will be equal to the vector of first order partial 

                                                
17 For a more explanation for the meaning of these properties, see Diewert (1973) (1974; 134) or Woodland 
(1982) or Kohli (1978) (1991).  The assumption that St is a cone means that the technology is subject to 
constant returns to scale.  This is an important assumption since it implies that the value of outputs should 
equal the value of inputs in equilibrium.  In our empirical work, we use an ex post rate of return in our user 
costs of capital, which forces the value of inputs to equal the value of outputs for each period.  The function 
gt is known as the GDP function or the national product function in the international trade literature (see 
Kohli (1978)(1991), Woodland (1982) and Feenstra (2004; 76).  It was introduced into the economics 
literature by Samuelson (1953).  Alternative terms for this function include: (i) the gross profit function; see 
Gorman (1968); (ii) the restricted profit function; see Lau (1976) and McFadden (1978); and (iii) the 
variable profit function; see Diewert (1973) (1974) (1993).     
18 The function gt(P,x) will be linearly homogeneous and convex in the components of P and linearly 
homogeneous and concave in the components of x; see Diewert (1973) (1974; 136). Notation: P⋅y ≡ ∑m=1

M 
Pmym.   
19 These relationships are due to Hotelling (1932; 594).  Note that ∇P gt(Pt,xt) ≡ [∂gt(Pt,xt)/∂P1, 
...,∂gt(Pt,xt)/∂PM]. 
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derivatives of gt(Pt,xt) with respect to the components of x; i.e., we will have the 
following equations for each period t:20  
 
(3) Wt = ∇x gt(Pt,xt) ;                                                                                 t = 0,1,2, ... . 
 
Thus the period t market sector input prices Wt paid to primary inputs can be obtained by 
differentiating the period t market sector GDP function with respect to the components of 
the period t input quantity vector xt. 
 
The constant returns to scale assumption on the technology sets St implies that the value 
of outputs will equal the value of inputs in period t; i.e., we have the following 
relationships: 
 
(4) gt(Pt,xt) = Pt⋅yt = Wt⋅xt ;                                                             t = 0,1,2, ... . 
 
The above material will be useful in what follows but of course, our focus is not on GDP; 
instead our focus is on the income generated by the market sector or more precisely, on 
the real income generated by the market sector.  However, since market sector GDP (the 
value of market sector production) is distributed to the factors of production used by the 
market sector, nominal market sector GDP will be equal to nominal market sector 
income; i.e., from (4), we have gt(Pt,xt) = Pt⋅yt = Wt⋅xt.  As an approximate welfare 
measure that can be associated with market sector production,21 we will choose to 
measure the real income generated by the market sector in period t, rt, in terms of the 
number of consumption bundles that the nominal income could purchase in period t; i.e., 
define ρt as follows: 
 
(5) ρt ≡ Wt⋅xt/PC

t ;                                                                             t = 0,1,2, ... 
         = wt⋅xt 
         = pt⋅yt 
         = gt(pt,xt) 
 
where PC

t > 0 is the period t consumption expenditures deflator and the market sector 
period t real output price pt and real input price wt vectors are defined as the 
corresponding nominal price vectors deflated by the consumption expenditures price 
index; i.e.,  we have the following definitions:22 
                                                
20 These relationships are due to Samuelson (1953) and Diewert (1974; 140).  Note that ∇x gt(Pt,xt) ≡ 
[∂gt(Pt,xt)/∂x1, ...,∂gt(Pt,xt)/∂xN]. 
21 Since some of the primary inputs used by the market sector can be owned by foreigners, our measure of 
domestic welfare generated by the market production sector is only an approximate one.  Moreover, our 
suggested welfare measure is not sensitive to the distribution of the income that is generated by the market 
sector. 
22 Our approach is similar to the approach advocated by Kohli (2004b; 92), except he essentially deflates 
nominal GDP by the domestic expenditures deflator rather than just the domestic (household) expenditures 
deflator; i.e., he deflates by the deflator for C+G+I, whereas we suggest deflating by the deflator for C.  
Another difference in his approach compared to the present approach is that we restrict our analysis to the 
market sector GDP, whereas Kohli deflates all of GDP (probably due to data limitations).  Our treatment of 
the balance of trade surplus or deficit is also different. 
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(6) pt ≡ Pt/PC

t ; wt ≡ Wt/PC
t ;                                                             t = 0,1,2, ... . 

 
The first and last equality in (5) imply that period t real income, ρt, is equal to the period t 
GDP function, evaluated at the period t real output price vector pt and the period t input 
vector xt, gt(pt,xt).  Thus the growth in real income over time can be explained by three 
main factors: t (Technical Progress or Total Factor Productivity growth), growth in real 
output prices and the growth of primary inputs.  We will shortly give formal definitions 
for these three growth factors.   
 
Using the linear homogeneity properties of the GDP functions gt(P,x) in P and x 
separately, we can show that the following counterparts to the relations (2) and (3) hold 
using the deflated prices p and w:23 
 
(7) yt = ∇p gt(pt,xt) ;                                                                          t = 0,1,2, ... 
(8) wt = ∇x gt(pt,xt) ;                                                                         t = 0,1,2, ... . 
 
Now we are ready to define a family of period t productivity growth factors or technical 
progress shift factors τ(p,x,t):24 
 
(9) τ(p,x,t) ≡ gt(p,x)/gt−1(p,x) ;                                                          t = 1,2, ... . 
 
Thus τ(p,x,t) measures the proportional change in the real income produced by the 
market sector at the reference real output prices p and reference input quantities used by 
the market sector x where the numerator in (9) uses the period t technology and the 
denominator in (9) uses the period t−1 technology.  Thus each choice of reference vectors 
p and x will generate a possibly different measure of the shift in technology going from 
period t−1 to period t.  Note that we are using the chain system to measure the shift in 
technology. 
 
It is natural to choose special reference vectors for the measure of technical progress 
defined by (9): a Laspeyres type measure τL

t that chooses the period t−1 reference vectors 
pt−1 and xt−1 and a Paasche type measure τP

t that chooses the period t reference vectors pt 
and xt: 
 
(10) τL

t ≡ τ(pt−1,xt−1,t) = gt(pt−1,xt−1)/gt−1(pt−1,xt−1) ;                                 t = 1,2, ... ;  
(11) τP

t ≡ τ(pt,xt,t)      = gt(pt,xt)/gt−1(pt,xt) ;                                             t = 1,2, ... . 
 
Since both measures of technical progress are equally valid, it is natural to average them 
to obtain an overall measure of technical change.  If we want to treat the two measures in 

                                                
23 If producers in the market sector of the economy are solving the profit maximization problem that is 
associated with gt(P,x), which uses the original output prices P, then they will also solve the profit 
maximization problem that uses the normalized output prices p ≡P/PC; i.e., they will also solve the problem 
defined by gt(p,x).  
24 This measure of technical progress is due to Diewert and Morrison (1986; 662). 
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a symmetric manner and we want the measure to satisfy the time reversal property from 
index number theory25 (so that the estimate going backwards is equal to the reciprocal of 
the estimate going forwards), then the geometric mean will be the best simple average to 
take.26  Thus we define the geometric mean of (10) and (11) as follows:27 
 
(12) τt ≡ [τL

t τP
t]1/2 ;                                                                                  t = 1,2, ... . 

 
At this point, it is not clear how we will obtain empirical estimates for the theoretical 
productivity growth indexes defined by (10)-(12).  One obvious way would be to assume 
a functional form for the GDP function gt(p,x), collect data on output and input prices and 
quantities for the market sector for a number of years (and for the consumption 
expenditures deflator), add error terms to equations (7) and (8) and use econometric 
techniques to estimate the unknown parameters in the assumed functional form.  
However, econometric techniques are generally not completely straightforward: different 
econometricians will make different stochastic specifications and will choose different 
functional forms.28  Moreover, as the number of outputs and inputs grows, it will be 
impossible to estimate a flexible functional form.  Thus we will suggest methods for 
implementing measures like (12) in this paper that are based on exact index number 
techniques.  
 
We turn now to the problem of defining theoretical indexes for the effects on real income 
due to changes in real output prices.  Define a family of period t real output price growth 
factors α(pt−1,pt,x,s):29 
 
(13) α(pt−1,pt,x,s) ≡ gs(pt,x)/gs(pt−1,x) ;                                                     s = 1,2, ... . 
 
Thus α(pt−1,pt,x,s)  measures the proportional change in the real income produced by the 
market sector that is induced by the change in real output prices going from period t−1 to 
t, using the technology that is available during period s and using the reference input 
quantities x. Thus each choice of the reference technology s and the reference input 
vector x will generate a possibly different measure of the effect on real income of a 
change in real output prices going from period t−1 to period t.   
 

                                                
25 See Fisher (1922; 64). 
26 See the discussion in Diewert (1997) on choosing the “best” symmetric average of Laspeyres and 
Paasche indexes that will lead to the satisfaction of the time reversal test by the resulting average index.  
27 The theoretical productivity change indexes defined by (10)-(12) were first defined by Diewert and 
Morrison (1968; 662-663).  See Diewert (1993) for properties of symmetric means. 
28 “The estimation of GDP functions such as (19) can be controversial, however, since it raises issues such 
as estimation technique and stochastic specification. ... We therefore prefer to opt for a more 
straightforward index number approach.” Ulrich Kohli (2004a; 344). 
29 This measure of real output price change was essentially defined by Fisher and Shell (1972; 56-58), 
Samuelson and Swamy (1974; 588-592), Archibald (1977; 60-61), Diewert (1980; 460-461) (1983; 1055) 
and Balk (1998; 83-89).  Readers who are familiar with the theory of the true cost of living index will note 
that the real output price index defined by (13) is analogous to the Konüs (1924) true cost of living index 
which is a ratio of cost functions, say C(u,pt)/C(u,pt−1) where u is a reference utility level: gs replaces C and 
the reference utility level u is replaced by the vector of reference variables x.    
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Again, it is natural to choose special reference vectors for the measures defined by (13): a 
Laspeyres type measure αL

t that chooses the period t−1 reference technology and 
reference input vector xt−1 and a Paasche type measure αP

t that chooses the period t 
reference technology and reference input vector xt: 
 
(14) αL

t ≡ α(pt−1,pt,xt−1,t−1) = gt−1(pt,xt−1)/gt−1(pt−1,xt−1) ;                        t = 1,2, ... ;  
(15) αP

t ≡ α(pt−1,pt,xt,t)        = gt(pt,xt)/gt(pt−1,xt) ;                                   t = 1,2, ... . 
 
Since both measures of real output price change are equally valid, it is natural to average 
them to obtain an overall measure of the effects on real income of the change in real 
output prices:30   
 
(16) αt ≡ [αL

t αP
t]1/2 ;                                                                                t = 1,2, ... . 

    
Finally, we look at the problem of defining theoretical indexes for the effects on real 
income due to changes in real output prices.  Define a family of period t real input 
quantity growth factors β(xt−1,xt,p,s):31 
 
(17) β(xt−1,xt,p,s) ≡ gs(p,xt)/gs(p,xt−1) ;                                                     s = 1,2, ... . 
 
Thus β(xt−1,xt,p,s)  measures the proportional change in the real income produced by the 
market sector that is induced by the change in input quantities used by the market sector 
going from period t−1 to t, using the technology that is available during period s and 
using the reference real output prices p. Thus each choice of the reference technology s 
and the reference real output price vector p will generate a possibly different measure of 
the effect on real income of a change in input quantities going from period t−1 to period t.   
 
Again, it is natural to choose special reference vectors for the measures defined by (17): a 
Laspeyres type measure βL

t that chooses the period t−1 reference technology and 
reference real output price vector pt−1 and a Paasche type measure βP

t that chooses the 
period t reference technology and reference real output price vector pt: 
 
(18) βL

t ≡ β(xt−1,xt,pt−1,t−1) = gt−1(pt−1,xt)/gt−1(pt−1,xt−1) ;                        t = 1,2, ... ;  
(19) βP

t ≡ β(xt−1,xt,pt,t)        = gt(pt,xt)/gt(pt,xt−1) ;                                   t = 1,2, ... . 
 
Since both measures of real input growth are equally valid, it is natural to average them 
to obtain an overall measure of the effects of input growth on real income:32   
 
(20) βt ≡ [βL

t βP
t]1/2 ;                                                                                  t = 1,2, ... . 

                                                
30 The indexes defined by (13)-(16) were defined by Diewert and Morrison (1986; 664) in the nominal 
GDP function context. 
31 This type of index was defined as a true index of value added by Sato (1976; 438) and as a real input 
index by Diewert (1980; 456). 
32 The theoretical indexes defined by (17)-(20) were defined in Diewert and Morrison (1986; 665) in the 
nominal GDP context. 
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Recall that market sector real income for period t was defined by (5) as ρt equal to 
nominal period t factor payments Wt⋅xt deflated by the household consumption price 
deflator PC

t.  It is convenient to define γt as the period t chain rate of growth factor for 
real income: 
 
(21) γt ≡ ρt/ρt−1 ;                                                                       t = 1,2, ... . 
 
It turns out that the definitions for γt and the technology, output price and input quantity 
growth factors τ(p,x,t), α(pt−1,pt,x,s), β(xt−1,xt,p,s) defined by (9), (13) and (17) 
respectively satisfy some interesting identities, which we will now develop.  We have: 
 
(22) γt ≡ ρt/ρt−1 ;                                                          t = 1,2, ... . 
           = gt(pt,xt)/gt−1(pt−1,xt−1)                                     using definitions (4) and (5) 
           = [gt(pt,xt)/gt−1(pt,xt)][gt−1(pt,xt)/gt−1(pt−1,xt)][gt−1(pt−1,xt)/gt−1(pt−1,xt−1)] 
           = τP

t α(pt−1,pt,xt,t−1) βL
t                                   using definitions (11), (13) and  (18). 

 
In a similar fashion, we can establish the following companion identity: 
 
(23) γt ≡ τL

t α(pt−1,pt,xt−1,t) βP
t                                   using definitions (10), (13) and  (19). 

 
Thus multiplying (22) and (23) together and taking positive square roots of both sides of 
the resulting identity and using definitions (12) and (20), we obtain the following 
identity: 
 
(24) γt ≡ τt [α(pt−1,pt,xt,t−1)α(pt−1,pt,xt−1,t)]1/2 βt ;                       t = 1,2, ... . 
 
In a similar fashion, we can derive the following alternative decomposition for γt into 
growth factors: 
 
(25) γt ≡ τt αt [β(xt−1,xt,pt,t−1)β(xt−1,xt,pt−1,t)]1/2  ;                       t = 1,2, ... . 
 
It is quite likely that the real output price growth factor [α(pt−1,pt,xt,t−1)α(pt−1,pt,xt−1,t)]1/2 
is fairly close to αt defined by (16) and it is quite likely that the input growth factor 
[β(xt−1,xt,pt,t−1)β(xt−1,xt,pt−1,t)]1/2  is quite close to βt defined by (20); i.e., we have the 
following approximate equalities: 
 
(26) [α(pt−1,pt,xt,t−1)α(pt−1,pt,xt−1,t)]1/2 ≈ αt ;                                t = 1,2, ... ; 
(27) [β(xt−1,xt,pt,t−1)β(xt−1,xt,pt−1,t)]1/2  ≈ βt ;                                t = 1,2, ... . 
 
Substituting (26) and (27) into (24) and (25) respectively leads to the following 
approximate decompositions for the growth of real income into explanatory factors: 
 
(28) γt ≈ τt αt βt  ;                                                                             t = 1,2, ...  
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where τt is a technology growth factor, αt is a growth in real output prices factor and βt is 
a growth in primary inputs factor. 
 
Rather than look at explanatory factors for the growth in real market sector income, it is 
sometimes convenient to express the level of real income in period t in terms of an index 
of the technology level or of Total Factor Productivity in period t, Tt, of the level of real 
output prices in period t, At, and of the level of primary input quantities in period t, Bt.33  
Thus we use the growth factors τt, αt and βt as follows to define the levels Tt, At and Bt: 
 
(29) T0 ≡ 1 ; Tt ≡ Tt−1 τt ;  t = 1,2, ... ; 
(30) A0 ≡ 1 ; At ≡ At−1αt ; t = 1,2, ... ; 
(31) B0 ≡ 1 ; Bt ≡ Bt−1βt  ; t = 1,2, ... . 
 
Using the approximate equalities (28) for the chain links that appear in (29)-(31), we can 
establish the following approximate relationship for the level of real income in period t, 
ρt, and the period t levels for technology, real output prices and input quantities: 
 
(32) ρt/ρ0 ≈ Tt At Bt ;                                                         t = 0,1,2, ... . 
 
In the following section, we note a set of assumptions on the technology sets that will 
ensure that the approximate real income growth decompositions (28) and (32) hold as 
exact equalities. 
 
4. The Translog GDP Function Approach 
 
We now follow the example of Diewert and Morrison (1986; 663) and assume that the 
log of the period t (deflated) GDP function, gt(p,x), has the following translog functional 
form:34 
 
(33) lngt(p,x) ≡ a0

t + ∑m=1
M am

t lnpm
t + (1/2) ∑m=1

M∑k=1
M amk lnpm

t lnpk
t  

                + ∑n=1
N bn

t lnxn
t + (1/2)∑n=1

N∑j=1
N bnj lnxn

t lnxj
t + ∑m=1

M∑n=1
M cmn lnpm

t lnxn
t ; 

                                                                                                                   t = 0,1,2, ... . 
 
Note that the coefficients for the quadratic terms are assumed to be constant over time.  
The coefficients must satisfy the following restrictions in order for gt to satisfy the linear 
homogeneity properties that we have assumed in section 2 above:35 
 
(34) ∑m=1

M am
t = 1 for t = 0,1,2, ...;  

                                                
33 This type of levels presentation of the data is quite instructive when presented in graphical form.  It was 
suggested by Kohli (1990) and used extensively by him; see Kohli (1991), (2003) (2004a) (2004b) and Fox 
and Kohli (1998). 
34 This functional form was first suggested by Diewert (1974; 139) as a generalization of the translog 
functional form introduced by Christensen, Jorgenson and Lau (1971).  Diewert (1974; 139) indicated that 
this functional form was flexible. 
35 There are additional restrictions on the parameters which are necessary to ensure that gt(p,x) is convex in 
p and concave in x. 
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(35) ∑n=1
N bn

t = 1 for t = 0,1,2, ...; 
(36) amk = akm for all k,m ; 
(37) bnj = bjn for all n,j ; 
(38) ∑k=1

M amk = 0 for  m = 1,...,M ; 
(39) ∑j=1

N bnj = 0 for n = 1,...,N ; 
(40) ∑n=1

N cmn = 0 for  m = 1,...,M ; 
(41) ∑m=1

M cmn = 0 for n = 1,...,N . 
 
Recall the approximate decomposition of real income growth going from period t−1 to t 
given by (28) above, γt ≈ τt αt βt.  Diewert and Morrison (1986; 663) showed that36 if gt−1 
and gt are defined by (33)-(41) above and there is competitive profit maximizing behavior 
on the part of all market sector producers for all periods t, then (28) holds as an exact 
equality; i.e., we have 
 
(42) γt = τt αt βt ;                                                         t = 1,2, ... . 
 
In addition, Diewert and Morrison (1986; 663-665) showed that τt, αt and βt could be 
calculated using empirically observable price and quantity data for periods t−1 and t as 
follows: 
 
(43) lnαt = ∑m=1

M (1/2)[(pm
t−1ym

t−1/pt−1⋅yt−1) + (pm
tym

t/pt⋅yt)] ln(pm
t/pm

t−1) 
               = ln PT(pt−1,pt,yt−1,yt); 
(44) lnβt = ∑n=1

N (1/2)[(wn
t−1xn

t−1/wt−1⋅xt−1) + (wn
txn

t/wt⋅xt)] ln(xn
t/xn

t−1) 
               = ln QT(wt−1,wt,xt−1,xt); 
(45)     τt = γt/αt βt  
 
where PT(pt−1,pt,yt−1,yt) is the Törnqvist (1936) and Törnqvist and Törnqvist (1937) output 
price index and QT(wt−1,wt,xt−1,xt) is the Törnqvist input quantity index.  
 
Since equations (42) now hold as exact identities under our present assumptions, 
equations (32), the cumulated counterparts to equations (28), will also hold as exact 
decompositions; i.e., under our present assumptions, we have  
 
(46) ρt/ρ0 = Tt At Bt ;                                                 t = 1,2, ... . 
 
We will implement the real income decompositions (42) and (46) in section 6 using our 
Japanese data base for the years 1955-2003. 
 
5. The Translog GDP Function Approach and Specific Price and Quantity 
Contribution Factors  
       

                                                
36 Diewert and Morrison established their proof using the nominal GDP function gt(P,x). However, it is 
easy to rework their proof using the deflated GDP function gt(p,x) using the fact that gt(p,x) = gt(P/PC,x) = 
gt(P,x)/PC using the linear homogeneity property of gt(P,x) in P. 
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For some purposes, it is convenient to decompose the aggregate period t contribution 
factor due to changes in all deflated output prices αt into separate effects for each change 
in each output price.  Similarly, it can sometimes be useful to decompose the aggregate 
period t contribution factor due to changes in all market sector primary input quantities βt 
into separate effects for each change in each input quantity.  In this section, we indicate 
how this can be done, making the same assumptions on the technology that were made in 
the previous section. 
 
We first model the effects of a change in a single (deflated) output price, say pm, going 
from period t−1 to t.  Counterparts to the theoretical Laspeyres and Paasche type price 
indexes defined by (14) and (15) above for changes in all (deflated) output prices are the 
following Laspeyres type measure αLm

t that chooses the period t−1 reference technology 
and holds constant other output prices at their period t−1 levels and holds inputs constant 
at their period t−1 levels xt−1 and a Paasche type measure αPm

t that chooses the period t 
reference technology and reference input vector xt and holds constant other output prices 
at their period t levels: 
 
(47) αLm

t ≡ gt−1(p1
t−1,...,pm−1

t−1,pm
t,pm+1

t−1,..., pM
t−1,xt−1)/gt−1(pt−1,xt−1) ;         m = 1,...,M;  

                                                                                                                        t = 1,2, ... ;  
(48) αPm

t ≡ gt(pt,xt)/gt(p1
t ,...,pm−1

t,pm
t−1,pm+1

t,..., pM
t,xt) ;                                m = 1,...,M;      

                                                                                                                         t = 1,2, ... . 
 
Since both measures of real output price change are equally valid, it is natural to average 
them to obtain an overall measure of the effects on real income of the change in the real 
price of output m:37   
 
(49) αm

t ≡ [αLm
t αPm

t]1/2 ;                                                               m = 1,...,M ; t = 1,2, ... . 
 
Under the assumption that the deflated GDP functions gt(p,x) have the translog functional 
forms as defined by (33)-(41) in the previous section, the arguments of Diewert and 
Morrison (1986; 666) can be adapted to give us the following result: 
 
(50) lnαm

t = (1/2)[(pm
t−1ym

t−1/pt−1⋅yt−1) + (pm
tym

t/pt⋅yt)] ln(pm
t/pm

t−1) ;  
                                                                                                       m = 1,...,M ; t = 1,2, ... . 
 
Note that lnαm

t is equal to the mth term in the summation of the terms on the right hand 
side of (43).  This observation means that we have the following exact decomposition of 
the period t aggregate real output price contribution factor αt into a product of separate 
price contribution factors; i.e., we have under present assumptions: 
 
(51) αt = α1

tα2
t... αM

t ;                                                                   t = 1,2, ... . 
 

                                                
37 The indexes defined by (47)-(49) were defined by Diewert and Morrison (1986; 666) in the nominal 
GDP function context. 
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 The above decomposition is useful for analyzing how real changes in the price of exports 
(i.e., a change in the price of exports relative to the price of domestic consumption) and 
in the price of imports impact on the real income generated by the market sector.  In our 
empirical work which follows later, we let M equal three.  The three net outputs are: 
 

• Domestic sales (C+I+G); 
• Exports (X) and  
• Imports (M). 

 
Since commodities 1 and 2 are outputs, y1 and y2 will be positive but since commodity 3 
is an input into the market sector, y3 will be negative.  Hence an increase in the real price 
of exports will increase real income but an increase in the real price of imports will 
decrease the real income generated by the market sector, as is evident by looking at the 
contribution terms defined by (50) for m = 2 (where ym

t > 0) and for m = 3 (where ym
t < 

0). 
 
As mentioned above, it is also useful to have a decomposition of the aggregate 
contribution of input growth to the growth of real income into separate contributions for 
each important class of primary input that is used by the market sector.  We now model 
the effects of a change in a single input quantity, say xn, going from period t−1 to t.  
Counterparts to the theoretical Laspeyres and Paasche type quantity indexes defined by 
(18) and (19) above for changes in input n are the following Laspeyres type measure βLn

t 
that chooses the period t−1 reference technology and holds constant other input quantities 
at their period t−1 levels and holds real output prices at their period t−1 levels pt−1 and a 
Paasche type measure βPn

t that chooses the period t reference technology and reference 
real output price vector pt and holds constant other input quantities at their period t levels: 
 
(52) βLn

t ≡ gt−1(pt−1,x1
t−1,...,xn−1

t−1,xn
t,xn+1

t−1,..., xN
t−1)/gt−1(pt−1,xt−1) ;           n = 1,...,N;  

                                                                                                                       t = 1,2, ... ;  
(53) βPn

t ≡ gt(pt,xt)/gt(pt,x1
t ,...,xn−1

t,xn
t−1,xn+1

t,..., pN
t) ;                                 m = 1,...,M;      

                                                                                                                       t = 1,2, ... . 
 
Since both measures of input change are equally valid, as usual, we average them to 
obtain an overall measure of the effects on real income of the change in the quantity of 
input n:38   
 
(54) βn

t ≡ [βPn
t βPn

t]1/2 ;                                                               n = 1,...,N ;  t = 1,2, ... . 
 
Under the assumption that the deflated GDP functions gt(p,x) have the translog functional 
forms as defined by (33)-(41) in the previous section, the arguments of Diewert and 
Morrison (1986; 667) can be adapted to give us the following result: 
 
(55) lnβn

t = (1/2)[(wn
t−1xn

t−1/wt−1⋅xt−1) + (wn
t xn

t/wt⋅xt)] ln(xn
t/xn

t−1) ;  

                                                
38 The indexes defined by (52)-(54) were defined by Diewert and Morrison (1986; 667) in the nominal 
GDP function context. 
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                                                                                                         n = 1,...,N ; t = 1,2, ... . 
 
Note that lnβn

t is equal to the nth term in the summation of the terms on the right hand 
side of (44).  This observation means that we have the following exact decomposition of 
the period t aggregate input growth contribution factor βt into a product of separate input 
quantity contribution factors; i.e., we have under present assumptions: 
 
(56) βt = β1

tβ2
t... βN

t ;                                                                   t = 1,2, ... . 
  
It should be noted that there is another approach to contribution analysis that was 
suggested in Diewert and Morrison (1986; 674-676).  This approach is completely 
nonparametric but it relies on taking averages of first order approximations to various 
theoretical indexes and so it does not lead to exact decompositions as is the case for the 
translog approach outlined above.39   
 
In the following section, we implement the translog approach using our Japanese data 
base. 
 
6. The Deflated GDP Translog Approach for Japan 
 
The basic price and quantity data for market sector net output (C + G + I + X − M) are 
listed in Tables 4 (prices) and 5 (quantities) below.  The 11 investment aggregates were 
aggregated using a chained Törnqvist price index and the first two consumption 
aggregates were aggregated into C again using a chained Törnqvist price index.  Tables 4 
and 5 also list the prices (WL and WK) and quantities (xL and xK) for primary inputs.  The 
13 capital services were aggregated into aggregate capital services using a chained 
Törnqvist price index.                                     
  
Table 4: Market Sector Output and Input Prices for Japan 1955-2003 
 
Year          PC               PG             PI               PX             PM      WL            WK        
1955.     1.00000     1.00000     1.00000     1.00000     1.00000     1.00000     1.00000 
1956.     1.00190     1.09315     1.08966     1.04421     1.05901     1.06015     1.17140 
1957.     1.02873     1.23234     1.11530     1.06042     1.09455     1.12002     1.43223 
1958.     1.01383     1.26337     1.08517     1.00108     0.91553     1.19115     1.13384 
1959.     1.02195     1.22298     1.09671     1.03344     1.00774     1.28144     1.30374 
1960.     1.04856     1.36779     1.12536     1.06001     1.06312     1.41223     1.59503 
1961.     1.09325     1.52944     1.18842     1.05194     1.10701     1.62223     1.99404 
1962.     1.17064     1.64530     1.22206     1.03432     1.07171     1.87672     1.79187 
1963.     1.25381     1.73978     1.23440     1.05967     1.09622     2.14445     2.04410 
1964.     1.29698     1.95976     1.26520     1.07653     1.12296     2.43452     2.30762 
1965.     1.38477     2.13180     1.29157     1.07065     1.11517     2.74574     2.10611 
                                                
39 This nonparametric approach was implemented in Diewert and Lawrence (2005b) and compared with the 
translog approach using Australian data.  The results were virtually identical.  We did a similar exercise 
using our Japanese data and obtained the same result: the two approaches give virtually the same answers.  
This is consistent with the results found in Diewert and Morrison (1986) and Morrison and Diewert (1990). 
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1966.     1.45269     2.26038     1.34057     1.06905     1.14023     3.04664     2.33408 
1967.     1.49762     2.40298     1.39509     1.07055     1.10140     3.42006     2.61490 
1968.     1.57607     2.58273     1.43578     1.07173     1.10662     3.92083     3.00409 
1969.     1.64561     2.84017     1.50321     1.08749     1.13111     4.56194     3.23524 
1970.     1.76977     3.12254     1.57495     1.11814     1.13727     5.34943     3.38966 
1971.     1.89247     3.40542     1.60231     1.14929     1.10554     6.20088     2.90747 
1972.     1.99647     3.72525     1.67822     1.14170     1.11476     7.10272     2.78679 
1973.     2.23464     4.25365     1.96572     1.25249     1.36931     8.58472     3.13160 
1974.     2.80206     5.78630     2.35593     1.64495     2.04418    11.03768     3.68297 
1975.     3.15037     5.63242     2.41893     1.72635     1.78354    13.09550     2.63197 
1976.     3.43844     5.76826     2.54487     1.76102     1.80385    14.23948     3.09905 
1977.     3.68333     5.92539     2.64465     1.69598     1.68457    15.53244     3.05002 
1978.     3.81976     5.91166     2.73713     1.58930     1.42793    16.62487     3.05990 
1979.     3.93302     6.05542     2.93269     1.71824     2.02039    17.64361     3.62211 
1980.     4.26628     6.19212     3.15185     1.88495     2.35311    18.61965     4.72252 
1981.     4.46801     6.31713     3.18702     1.94589     2.36895    19.75436     4.69731 
1982.     4.57835     6.53242     3.20514     2.01615     2.43043    20.70442     4.76947 
1983.     4.66641     6.97581     3.19698     1.95276     2.29927    21.25655     4.43906 
1984.     4.78201     6.73432     3.21541     1.98380     2.23942    22.03585     4.87588 
1985.     4.85840     6.73374     3.16742     1.92525     2.10905    22.54127     5.59623 
1986.     4.87985     6.72082     3.11760     1.69025     1.47229    23.17142     5.20419 
1987.     4.86923     6.08128     3.11969     1.61953     1.34625    23.19048     5.49981 
1988.     4.87836     5.58044     3.15686     1.59133     1.30063    23.68318     5.77112 
1989.     4.95370     5.39242     3.27383     1.64384     1.35828    24.76920     6.25115 
1990.     5.06249     5.07531     3.36684     1.67158     1.45497    26.20684     6.56146 
1991.     5.18191     4.95820     3.42432     1.63227     1.37810    27.83529     6.08265 
1992.     5.24955     5.02302     3.44849     1.59096     1.30988    28.74286     5.78199 
1993.     5.28757     4.98001     3.44956     1.48418     1.20267    29.40147     5.18721 
1994.     5.28737     4.90085     3.42826     1.43813     1.14816    29.86487     5.08605 
1995.     5.23635     4.83749     3.39526     1.40880     1.12748    30.04179     4.92699 
1996.     5.19400     4.74903     3.35480     1.45407     1.21544    30.31299     5.10866 
1997.     5.20041     4.70165     3.36631     1.47750     1.28242    31.23549     5.08518 
1998.     5.10753     4.65071     3.31394     1.48593     1.23523    31.06780     4.49354 
1999.     5.04513     4.49804     3.24440     1.35901     1.13217    30.69501     4.26091 
2000.     4.98695     4.40474     3.20669     1.30905     1.15802    30.29806     4.40641 
2001.     4.89207     4.31181     3.12045     1.32538     1.19583    30.47848     3.96985 
2002.     4.80561     4.25010     3.03741     1.31236     1.17625    29.98659     3.79841 
2003.     4.73080     4.19481     2.97040     1.26867     1.16837    29.92703     3.78084 
 
Table 5: Market Sector Outputs and Inputs for Japan 1955-2003 
 
Year           yC               yG            yI                yX              yM            xL               xK   
1955.       4552.6        405.7       2004.0         902.1        -899.2      5048.4       1916.8 
1956.       4932.8        380.1       2498.0       1062.0      -1141.4      5332.9       1985.8 
1957.       5242.4        363.6       3335.2       1186.1      -1414.8      5596.9       2095.6 
1958.       5623.3        382.9       2822.9       1249.6      -1260.2      5692.7       2261.8 
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1959.       6034.9        431.9       3523.4       1415.9      -1393.0      5839.6       2405.5 
1960.       6678.7        446.9       4485.4       1596.7      -1629.6      6041.9       2563.8 
1961.       7274.0        463.4       6171.1       1680.0      -2003.4      6135.8       2803.7 
1962.       7971.0        505.0       5878.6       1974.6      -2018.2      6187.9       3132.3 
1963.       8796.7        570.4       7062.9       2115.8      -2403.0      6222.5       3426.5 
1964.       9840.4        575.0       8251.0       2578.6      -2710.8      6353.4       3723.8 
1965.     10378.1        603.7       8072.4       3199.6      -2860.9      6458.2       4077.2 
1966.     11206.4        639.8       9439.1       3744.0      -3202.9      6672.2       4456.5 
1967.     12342.9        664.4     11606.3       3996.5      -4027.3      6831.3       4876.9 
1968.     13463.0        713.3     13688.9       4951.4      -4506.2      6917.2       5297.4 
1969.     14792.4        753.7     15806.9       5988.7      -5149.0      6987.4       5890.4 
1970.     15822.9        824.6     18191.1       7033.7      -6402.4      7092.7       6451.7 
1971.     16606.5        887.4     17846.7       8186.3      -6789.7      7145.5       7098.6 
1972.     18124.4        949.0     18530.2       8528.9      -7051.0      7218.7       7687.2 
1973.     19718.2      1031.3     21232.8       8982.6      -8400.6      7426.5       8360.2 
1974.     19433.8        997.1     23148.5     11068.9      -9496.1      7270.4       9043.9 
1975.     20231.9      1236.7     19802.9     10964.3    -10683.6      7098.4       9696.9 
1976.     20751.4      1311.8     21819.2     12787.5    -11884.1      7307.3     10156.6 
1977.     21509.8      1402.7     21979.1     14288.2    -12735.6      7464.2     10658.2 
1978.     22555.2      1514.5     22362.3     14260.5    -13494.8      7559.4     11123.7 
1979.     24097.4      1620.8     25537.4     14869.0    -13701.4      7657.8     11661.4 
1980.     24272.4      3079.5     26117.4     17360.5    -14976.9      7762.8     12256.2 
1981.     24589.6      3274.6     26235.2     19396.4    -15263.6      7876.0     12808.2 
1982.     25810.6      3464.0     26988.1     19376.9    -15489.3      7965.5     13376.5 
1983.     26593.3      3676.1     25436.8     19966.1    -14992.8      8180.1     13898.4 
1984.     27203.0      3803.4     27308.4     22553.6    -16574.8      8223.6     14339.1 
1985.     28317.3      3802.5     30781.7     23887.3    -16735.2      8318.5     14985.9 
1986.     29207.5      3998.9     30162.5     22415.0    -16795.8      8418.0     15668.2 
1987.     30389.6      4186.8     33385.3     22207.6    -18840.3      8542.5     16379.6 
1988.     31819.7      4434.0     37010.9     23353.5    -21819.7      8727.5     17136.8 
1989.     33267.6      4690.2     41092.9     25522.9    -25445.8      8871.8     17959.3 
1990.     34783.4      5045.8     45022.2     27208.2    -27402.8      8956.5     18924.3 
1991.     35646.7      5433.3     44370.2     28379.4    -27170.8      9033.3     19897.5 
1992.     36387.6      5730.0     42894.0     29509.6    -26809.5      8982.6     20990.2 
1993.     36641.7      6074.3     40375.6     29534.1    -26507.5      8905.0     21863.0 
1994.     37590.2      6407.9     40435.3     30612.6    -28578.5      8906.7     22413.2 
1995.     38227.9      6885.5     41142.3     31958.5    -32376.7      8969.5     22778.9 
1996.     39260.1      7304.7     44229.4     33869.9    -36934.7      8986.3     23282.8 
1997.     39574.5      7452.5     45398.4     37699.6    -37548.0      8950.7     23919.8 
1998.     39426.6      7639.6     41700.2     36808.2    -35263.4      8856.8     24717.5 
1999.     39212.3      8243.1     40973.8     37423.3    -36249.5      8785.1     25347.6 
2000.     39472.0      8943.8     43353.1     42009.9    -39712.0      8918.3     25884.7 
2001.     40104.9      9538.7     41865.9     39439.5    -39890.3      8763.2     26561.9 
2002.     40210.9     10037.9     39187.9    42329.6    -40342.4      8659.3     27212.9 
2003.     40502.6     10165.4     39988.0    45903.7    -41915.9      8622.9     27569.8  
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We now form domestic absorption yD using a chained Törnqvist price index; i.e., an 
aggregate of C + I + G, which are outputs 1,2,3 and 6-16 in our data base.  This variable 
is listed in column 6 of Table 6 below.  We deflate the corresponding price, PD , by the 
price of our consumption aggregate, PC, to form the real price pD ≡ PD/PC.  The nominal 
prices of exports, imports, labour and capital services are also deflated by PC and the 
resulting real prices are listed in the first 5 columns of Table 6.  Finally, GDP deflated by 
PC is listed in the last column of Table 6.  This is our target real income variable, ρt. 
 
Table 6: Real Prices for Outputs and Inputs, Domestic Absorption and Real Income 
Produced by the Market Sector of Japan 1955-2003 
 
Year         pD               pX              pM              wL             wK               yD             ρt       
1955.     1.00000     1.00000     1.00000     1.00000     1.00000       6962.3       6965.2 
1956.     1.03146     1.04223     1.05699     1.05813     1.16917       7818.4       7964.7 
1957.     1.03498     1.03080     1.06398     1.08874     1.39223       8979.7       9011.1 
1958.     1.03233     0.98742     0.90304     1.17490     1.11837       8836.3       9217.9 
1959.     1.03112     1.01124     0.98610     1.25391     1.27573     10021.1     10391.2 
1960.     1.03551     1.01092     1.01389     1.34683     1.52116     11661.4     12037.4 
1961.     1.04449     0.96221     1.01258     1.48386     1.82396     14007.4     14218.5 
1962.     1.02645     0.88355     0.91549     1.60315     1.53067     14435.9     14714.6 
1963.     1.00105     0.84516     0.87431     1.71035     1.63032     16524.4     16228.9 
1964.     1.00115     0.83003     0.86583     1.87707     1.77923     18736.6     18551.3 
1965.     0.98359     0.77316     0.80531     1.98281     1.52091     19150.8     19006.4 
1966.     0.97983     0.73591     0.78491     2.09725     1.60673     21342.8     21153.7 
1967.     0.98520     0.71484     0.73544     2.28367     1.74604     24584.6     24115.7 
1968.     0.97618     0.68000     0.70214     2.48773     1.90606     27763.7     27305.4 
1969.     0.97959     0.66084     0.68735     2.77219     1.96598     31168.5     30950.8 
1970.     0.96835     0.63180     0.64261     3.02267     1.91531     34560.3     33796.0 
1971.     0.94686     0.60730     0.58418     3.27660     1.53634     35183.3     34318.8 
1972.     0.94551     0.57186     0.55837     3.55764     1.39586     37515.6     36411.8 
1973.     0.96606     0.56049     0.61277     3.84166     1.40139     41776.9     40245.9 
1974.     0.94957     0.58705     0.72953     3.93912     1.31438     43131.0     40526.1 
1975.     0.90539     0.54798     0.56614     4.15682     0.83545     41582.5     37608.0 
1976.     0.88864     0.51216     0.52461     4.14127     0.90130     44001.0     39415.6 
1977.     0.87568     0.46045     0.45735     4.21695     0.82806     45162.1     40301.8 
1978.     0.87307     0.41607     0.37383     4.35234     0.80107     46872.9     41812.0 
1979.     0.88702     0.43688     0.51370     4.48602     0.92095     51447.7     45092.6 
1980.     0.87982     0.44183     0.55156     4.36438     1.10694     54598.8     47446.7 
1981.     0.86552     0.43552     0.53020     4.42129     1.05132     55380.3     48287.5 
1982.     0.86007     0.44037     0.53085     4.52224     1.04174     57723.7     49956.8 
1983.     0.85749     0.41847     0.49273     4.55523     0.95128     57744.6     50483.5 
1984.     0.84631     0.41485     0.46830     4.60807     1.01963     60168.4     52515.5 
1985.     0.83538     0.39627     0.43410     4.63965     1.15187     64229.3     55856.7 
1986.     0.82868     0.34637     0.30171     4.74839     1.06647     65145.6     56681.5 
1987.     0.82172     0.33260     0.27648     4.76266     1.12950     69376.7     59185.7 
1988.     0.81856     0.32620     0.26661     4.85474     1.18300     74328.4     62642.7 
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1989.     0.82226     0.33184     0.27419     5.00014     1.26192     79696.3     67023.3 
1990.     0.81935     0.33019     0.28740     5.17667     1.29609     85170.3     70892.5 
1991.     0.81434     0.31499     0.26594     5.37163     1.17382     86162.9     71879.6 
1992.     0.81236     0.30307     0.24952     5.47530     1.10143     86227.0     72301.6 
1993.     0.80913     0.28069     0.22745     5.56049     0.98102     84910.3     70964.1 
1994.     0.80615     0.27199     0.21715     5.64835     0.96192     86518.8     71867.9 
1995.     0.80593     0.26904     0.21532     5.73716     0.94092     88427.0     72892.6 
1996.     0.80400     0.27995     0.23401     5.83615     0.98357     92669.9     75345.7 
1997.     0.80387     0.28411     0.24660     6.00635     0.97784     94168.4     77150.9 
1998.     0.80511     0.29093     0.24185     6.08274     0.87979     91216.7     75619.7 
1999.     0.80084     0.26937     0.22441     6.08408     0.84456     91042.5     74856.8 
2000.     0.80005     0.26250     0.23221     6.07547     0.88359     94055.1     77054.3 
2001.     0.79753     0.27092     0.24444     6.23018     0.81149     94312.5     76151.0 
2002.     0.79532     0.27309     0.24477     6.23991     0.79041     92865.3     75542.7 
2003.     0.79380     0.26817     0.24697     6.32600     0.79920     94008.9     76582.2 
 
The chain link information on period by period changes in real income that corresponds 
to (42) (generalized to include separate contribution factors for changes in real domestic, 
export and import prices, αD

t, αX
t and αM

t respectively and separate contribution factors 
for growth in labour and capital input, βL

t and βK
t respectively) is given in Table 7 below.  

The last column in Table 5, αT
t, is the contribution factor for real changes in the terms of 

trade and is simply the product of the export and import price factors, αX
t and αM

t.  
 
Table 7: The Decomposition of Market Sector (Gross) Real Income Growth into 
Translog Productivity, Real Output Price Change and Input Quantity Contribution 
Factors 
 
Year t         γt             τt            αD

t         αX
t           αM

t           βL
t            βK

t          αT
t    

1956.   1.14350   1.05743   1.03165   1.00557   0.99225   1.04007   1.01007   0.99778 
1957.   1.13139   1.07520   1.00349   0.99849   0.99895   1.03402   1.01669   0.99744 
1958.   1.02294   0.97290   0.99741   0.99422   1.02411   1.01197   1.02309   1.01819 
1959.   1.12729   1.09770   0.99884   1.00324   0.98882   1.01839   1.01770   0.99202 
1960.   1.15843   1.10889   1.00425   0.99996   0.99626   1.02379   1.01993   0.99622 
1961.   1.18119   1.13085   1.00881   0.99390   1.00018   1.01020   1.03105   0.99408 
1962.   1.03489   1.00490   0.98241   0.99014   1.01361   1.00557   1.03871   1.00362 
1963.   1.10291   1.09282   0.97494   0.99493   1.00589   1.00371   1.03053   1.00079 
1964.   1.14310   1.09607   1.00010   0.99796   1.00125   1.01361   1.02961   0.99921 
1965.   1.02453   0.99994   0.98244   0.99132   1.00902   1.01083   1.03146   1.00026 
1966.   1.11298   1.06486   0.99622   0.99359   1.00308   1.02200   1.03001   0.99666 
1967.   1.14002   1.07763   1.00545   0.99639   1.00790   1.01554   1.03166   1.00426 
1968.   1.13227   1.10080   0.99086   0.99398   1.00555   1.00801   1.03035   0.99949 
1969.   1.13351   1.08025   1.00346   0.99642   1.00245   1.00636   1.04025   0.99886 
1970.   1.09193   1.05564   0.98865   0.99419   1.00798   1.00947   1.03424   1.00212 
1971.   1.01547   0.99399   0.97824   0.99455   1.01138   1.00489   1.03319   1.00586 
1972.   1.06099   1.03298   0.99862   0.99165   1.00507   1.00710   1.02469   0.99668 
1973.   1.10530   1.04895   1.02147   0.99740   0.98909   1.02027   1.02489   0.98652 
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1974.   1.00696   1.03644   0.98282   1.00663   0.97428   0.98508   1.02324   0.98073 
1975.   0.92800   0.94391   0.95321   0.98904   1.04296   0.98231   1.01789   1.03153 
1976.   1.04806   1.03204   0.98157   0.98904   1.01222   1.02277   1.01042   1.00113 
1977.   1.02248   1.00618   0.98561   0.98262   1.02099   1.01659   1.01094   1.00324 
1978.   1.03747   1.00931   0.99708   0.98466   1.02710   1.00998   1.00928   1.01134 
1979.   1.07846   1.07907   1.01590   1.00700   0.95697   1.01007   1.01071   0.96367 
1980.   1.05221   1.04715   0.99179   1.00172   0.98833   1.01010   1.01312   0.99003 
1981.   1.01772   1.00686   0.98371   0.99758   1.00677   1.01044   1.01252   1.00434 
1982.   1.03457   1.01846   0.99374   1.00192   0.99980   1.00818   1.01218   1.00171 
1983.   1.01054   0.98088   0.99704   0.99146   1.01165   1.01959   1.01040   1.00302 
1984.   1.04025   1.03456   0.98728   0.99851   1.00751   1.00388   1.00847   1.00600 
1985.   1.06362   1.05190   0.98753   0.99207   1.01059   1.00814   1.01304   1.00258 
1986.   1.01477   0.98148   0.99233   0.97959   1.04073   1.00833   1.01353   1.01949 
1987.   1.04418   1.02549   0.99196   0.99471   1.00778   1.01028   1.01358   1.00244 
1988.   1.05841   1.03109   0.99628   0.99761   1.00329   1.01472   1.01448   1.00089 
1989.   1.06993   1.03806   1.00440   1.00213   0.99724   1.01103   1.01563   0.99936 
1990.   1.05773   1.04200   0.99653   0.99937   0.99495   1.00627   1.01806   0.99432 
1991.   1.01392   0.99506   0.99401   0.99410   1.00824   1.00569   1.01696   1.00230 
1992.   1.00587   0.99346   0.99764   0.99522   1.00617   0.99619   1.01738   1.00137 
1993.   0.98150   0.97972   0.99614   0.99082   1.00825   0.99404   1.01275   0.99900 
1994.   1.01274   1.00834   0.99644   0.99634   1.00398   1.00013   1.00751   1.00031 
1995.   1.01426   1.00520   0.99973   0.99873   1.00077   1.00495   1.00482   0.99950 
1996.   1.03365   1.03201   0.99765   1.00486   0.99128   1.00131   1.00656   0.99610 
1997.   1.02396   1.02286   0.99984   1.00195   0.99387   0.99724   1.00823   0.99581 
1998.   0.98015   0.97103   1.00150   1.00333   1.00227   0.99260   1.00974   1.00561 
1999.   0.98991   0.99596   0.99485   0.98942   1.00832   0.99422   1.00725   0.99765 
2000.   1.02936   1.02084   0.99903   0.99642   0.99611   1.01072   1.00613   0.99254 
2001.   0.98828   0.99816   0.99691   1.00449   0.99366   0.98762   1.00752   0.99812 
2002.   0.99201   0.99539   0.99728   1.00117   0.99983   0.99150   1.00690   1.00100 
2003.   1.01376   1.01903   0.99814   0.99715   0.99881   0.99700   1.00374   0.99596 
Average 1.0527   1.0311     0.99532  0.99620    1.0037     1.0078     1.0175    0.99982 
 
From the average contribution factors listed in the last row of Table 7, it can be seen that 
real market sector income in Japan grew at a very high average annual rate of 5.27% per 
year.  Productivity growth accounted for 3.11% of this growth,40 labour input growth for 
0.78% and capital input 1.75% of this growth on average while the real price effects were 
−0.47% per year (due to domestic prices falling faster than consumption prices), −0.38% 
per year due to export prices falling faster than domestic consumption prices and 0.37% 
per year due to import prices falling faster than domestic consumption prices.  Thus the 
effects of changes in the terms of trade on living standards was negligible for Japan over 
the entire sample period.    
 

                                                
40 Compare this average rate of TFP growth with the corresponding Fisher TFP growth rate of 3.12% per 
year; see section 2 above.  
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The annual change information in the previous table can be converted into cumulative 
changes using equations (46) (with obvious extensions to multiple inputs and outputs).41  
Table 6 gives this levels growth information.   
 
Table 8: The Decomposition of Market Sector (Gross) Real Income Levels into 
Productivity, Real Output Price Change and Input Quantity Contribution Factors 
 
Year t        ρt/ρ0         Tt          AD

t          AX
t          AM

t           BL
t           BK

t          AX
t 

1955.    1.00000   1.00000   1.00000   1.00000   1.00000   1.00000   1.00000   1.00000 
1956.    1.14350   1.05743   1.03165   1.00557   0.99225   1.04007   1.01007   0.99778 
1957.    1.29374   1.13696   1.03525   1.00405   0.99121   1.07545   1.02693   0.99522 
1958.    1.32342   1.10614   1.03257   0.99825   1.01511   1.08832   1.05065   1.01333 
1959.    1.49187   1.21421   1.03137   1.00148   1.00376   1.10833   1.06925   1.00525 
1960.    1.72822   1.34643   1.03576   1.00144   1.00001   1.13470   1.09056   1.00145 
1961.    2.04137   1.52260   1.04489   0.99533   1.00019   1.14628   1.12442   0.99552 
1962.    2.11259   1.53006   1.02651   0.98552   1.01380   1.15266   1.16794   0.99912 
1963.    2.33000   1.67208   1.00078   0.98053   1.01977   1.15695   1.20361   0.99991 
1964.    2.66343   1.83272   1.00089   0.97853   1.02104   1.17269   1.23925   0.99912 
1965.    2.72877   1.83262   0.98331   0.97004   1.03025   1.18539   1.27824   0.99938 
1966.    3.03706   1.95147   0.97960   0.96383   1.03342   1.21147   1.31660   0.99604 
1967.    3.46231   2.10298   0.98494   0.96035   1.04158   1.23029   1.35828   1.00029 
1968.    3.92026   2.31495   0.97594   0.95457   1.04736   1.24015   1.39951   0.99978 
1969.    4.44363   2.50073   0.97931   0.95115   1.04993   1.24804   1.45584   0.99864 
1970.    4.85212   2.63986   0.96820   0.94562   1.05830   1.25986   1.50570   1.00075 
1971.    4.92718   2.62399   0.94713   0.94047   1.07034   1.26602   1.55567   1.00662 
1972.    5.22768   2.71053   0.94582   0.93262   1.07577   1.27501   1.59408   1.00328 
1973.    5.77815   2.84322   0.96613   0.93019   1.06403   1.30085   1.63375   0.98975 
1974.    5.81837   2.94682   0.94953   0.93636   1.03666   1.28144   1.67172   0.97069 
1975.    5.39942   2.78152   0.90510   0.92610   1.08119   1.25876   1.70163   1.00129 
1976.    5.65893   2.87065   0.88842   0.91595   1.09441   1.28742   1.71936   1.00242 
1977.    5.78617   2.88840   0.87563   0.90003   1.11737   1.30878   1.73816   1.00567 
1978.    6.00298   2.91528   0.87307   0.88622   1.14765   1.32185   1.75429   1.01708 
1979.    6.47399   3.14577   0.88696   0.89243   1.09827   1.33515   1.77308   0.98013 
1980.    6.81197   3.29409   0.87967   0.89397   1.08545   1.34864   1.79634   0.97036 
1981.    6.93269   3.31669   0.86534   0.89180   1.09280   1.36272   1.81883   0.97457 
1982.    7.17235   3.37792   0.85993   0.89351   1.09258   1.37387   1.84099   0.97623 
1983.    7.24796   3.31333   0.85738   0.88588   1.10531   1.40078   1.86014   0.97918 
1984.    7.53970   3.42784   0.84648   0.88456   1.11361   1.40621   1.87589   0.98505 
1985.    8.01939   3.60574   0.83592   0.87755   1.12540   1.41765   1.90036   0.98759 
1986.    8.13781   3.53898   0.82951   0.85963   1.17124   1.42947   1.92608   1.00684 
1987.    8.49735   3.62917   0.82284   0.85508   1.18035   1.44416   1.95222   1.00929 
1988.    8.99367   3.74201   0.81977   0.85304   1.18423   1.46541   1.98050   1.01020 
1989.    9.62260   3.88443   0.82338   0.85485   1.18097   1.48158   2.01145   1.00955 
1990.  10.17810   4.04756   0.82053   0.85431   1.17500   1.49087   2.04779   1.00382 
                                                
41 The last column in Table 8 denoted by AT

t is the cumulative effect of changes in the real prices of exports 
and imports and is equal to the product of the entries denoted by AX

t and AM
t. 
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1991.  10.31983   4.02755   0.81561   0.84927   1.18469   1.49935   2.08253   1.00613 
1992.  10.38040   4.00120   0.81368   0.84522   1.19200   1.49364   2.11873   1.00750 
1993.  10.18839   3.92003   0.81054   0.83746   1.20184   1.48474   2.14574   1.00649 
1994.  10.31814   3.95271   0.80766   0.83440   1.20662   1.48494   2.16186   1.00680 
1995.  10.46526   3.97327   0.80743   0.83333   1.20755   1.49229   2.17228   1.00629 
1996.  10.81744   4.10045   0.80554   0.83738   1.19703   1.49425   2.18654   1.00237 
1997.  11.07663   4.19420   0.80541   0.83902   1.18969   1.49013   2.20453   0.99817 
1998.  10.85678   4.07270   0.80662   0.84181   1.19238   1.47909   2.22599   1.00376 
1999.  10.74726   4.05626   0.80246   0.83291   1.20230   1.47054   2.24212   1.00141 
2000.  11.06275   4.14078   0.80168   0.82992   1.19762   1.48631   2.25586   0.99393 
2001.  10.93307   4.13315   0.79920   0.83365   1.19003   1.46791   2.27281   0.99207 
2002.  10.84573   4.11409   0.79703   0.83462   1.18983   1.45542   2.28849   0.99305 
2003.  10.99497   4.19238   0.79554   0.83224   1.18841   1.45105   2.29704   0.98905 
 
Thus over the 49 year period, real income ρt/ρ0 (from the gross domestic product point of 
view) grew almost eleven fold (10.99), which is spectacular growth.  From the above 
Table, it can be seen that productivity growth Tt contributes the most to the overall 
growth in market sector real income (the growth factor is 4.19), the growth in capital 
services input BK

t makes the next largest contribution (the growth factor is 2.30) followed 
by the growth in labour input BL

t (the growth factor is 1.45) while the change in domestic 
real prices AD

t makes a negative contribution (.795) as does the growth in real export 
prices AX

t (.832) and the change in import prices AM
t makes a modest positive 

contribution (1.188). 
 
7. The Deflated NDP Translog Approach 
 
There is a severe flaw with all of the analysis presented in the previous sections.  The 
problem is that depreciation payments are part of the user cost of capital for each asset 
but depreciation does not provide households with any sustainable purchasing power.  
Hence our real income measure defined by (5) above is overstated. 
 
To see why Gross Domestic Product overstates income, consider the model of production 
that is described by the following quotations: 
 
“We must look at the production process during a period of time, with a beginning and an end. It starts, at 
the commencement of the Period, with an Initial Capital Stock; to this there is applied a Flow Input of 
labour, and from it there emerges a Flow Output called Consumption; then there is a Closing Stock of 
Capital left over at the end. If Inputs are the things that are put in, the Outputs are the things that are got 
out, and the production of the Period is considered in isolation, then the Initial Capital Stock is an Input. A 
Stock Input to the Flow Input of labour; and further (what is less well recognized in the tradition, but is 
equally clear when we are strict with translation), the Closing Capital Stock is an Output, a Stock Output to 
match the Flow Output of Consumption Goods. Both input and output have stock and flow components; 
capital appears both as input and as output” John R. Hicks (1961; 23). 
 
“The business firm can be viewed as a receptacle into which factors of production, or inputs, flow and out 
of which outputs flow...The total of the inputs with which the firm can work within the time period 
specified includes those inherited from the previous period and those acquired during the current period. 
The total of the outputs of the business firm in the same period includes the amounts of outputs currently 
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sold and the amounts of inputs which are bequeathed to the firm in its succeeding period of activity.” Edgar 
O. Edwards and Philip W. Bell (1961; 71-72). 
 
Hicks and Edwards and Bell obviously had the same model of production in mind: in 
each accounting period, the business unit combines the capital stocks and goods in 
process that it has inherited from the previous period with “flow” inputs purchased in the 
current period (such as labour, materials, services and additional durable inputs) to 
produce current period “flow” outputs as well as end of the period depreciated capital 
stock components which are regarded as outputs from the perspective of the current 
period (but will be regarded as inputs from the perspective of the next period).42  
 
All of the “flow” inputs that are purchased during the period and all of the “flow” outputs 
that are sold during the period are the inputs and outputs that appear in the usual 
definition of cash flow.  These are the flow inputs and outputs that are very familiar to 
national income accountants.  But this is not the end of the story: the firm inherits an 
endowment of assets at the beginning of the production period and at the end of the 
period, the firm will have the net profit or loss that has occurred due to its sales of outputs 
and its purchases of inputs during the period.  As well, it will have a stock of assets that it 
can use when it starts production in the following period.  Just focusing on the flow 
transactions that occur within the production period will not give a complete picture of 
the firm’s productive activities.  Hence, to get a complete picture of the firm’s production 
activities over the course of a period, it is necessary to add the value of the closing stock 
of assets less the beginning of the period stock of assets to the cash flow that accrued to 
the firm from its sales and purchases of market goods and services during the accounting 
period.   
 
We illustrate the above theory by considering a very simple two output, two input model 
of the market sector.  One of the outputs is output in period t, Yt and the other output is 
an investment good, It.  One of the inputs is the flow of noncapital primary input Xt and 
the other input is Kt, capital services.  Suppose that the average prices during period t of a 
unit of Yt, Xt and It are PY

t, PX
t and PI

t respectively.  Suppose further that the interest rate 
prevailing at the beginning of period t is rt.  The value of the beginning of period t capital 
stock is assumed to be PI

t, the investment price for period t.  In order to induce 
households to let the business sector use the initial stock of capital, firms have to pay 
households interest equal to rt PI

t Kt.  Then neglecting balance sheet items, the market 
sector’s period t cash flow is:43 
 
(57) CFt ≡ PY

t Yt + PI
t It − PX

t Xt  − rt PI
t Kt. 

 
Kt is interpreted as the firm’s beginning of period t stock of capital it has at its disposal 
and its end of period stock of capital is defined to be Kt+1.  These capital stocks are 

                                                
42 For more on this model of production and additional references to the literature, see the Appendices in 
Diewert (1977) (1980).  The usual user cost of capital can be derived from this framework if depreciation is 
independent of use. 
43 For equity financed firms, we need to include an imputed return for equity capital. 
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valued at the balance sheet prices prevailing at the beginning and end of period t, PI
t and 

PI
t+1 respectively.   

 
The market sector period t pure  profit is defined as its cash flow plus the value of its end 
of period t capital stock less the value of its beginning of period t capital stock: 
 
(58) ∏t ≡ CFt + PI

t+1 Kt+1 −  PI
t Kt. 

            
Now the end of period depreciated stock of capital is related to the beginning of the 
period stock by the following equation: 
 
(59) Kt+1 = (1 − δ)Kt + It 

 
where 0 < δ < 1 denotes the depreciation rate.  
 
Now substitute (57) and (59) into the definition of pure profits (58) and we obtain the 
following expression: 
 
(60) ∏t ≡ PY

t Yt + PI
t It − PX

t Xt  − rt PI
t Kt + PI

t+1(1 − δ)Kt − PI
t Kt 

            = PY
t Yt + PI

t It − PX
t Xt  − {rt PI

t  + δPI
t+1 − (PI

t+1 − PI
t)}Kt. 

 
The expression that precedes the capital stock Kt, {rt PI

t  + δPI
t+1 − (PI

t+1 − PI
t)}, can be 

recognized as the user cost of capital;44 it is the gross rental price that must be paid to a 
capitalist in order to induce him or her to loan the services of a unit of the capital stock to 
the production sector. 
 
Some simplifications for (60) occur if we make two additional assumptions: 
 

• Assume that producers and households expect price level stability so that the end 
of the period price for a new unit of capital PI

t+1 is expected to be equal to the 
beginning of the period price for a new unit of capital PI

t; in this case, we can 
interpret rt as the period t real interest rate; 

• Assume that pure profits are zero so that Πt equals zero. 
 
Substituting these two assumptions into equation (60) leads to the following expression: 
 
(61) ∏t = PY

t Yt + PI
t It − PX

t Xt  − {rt PI
t  + δPI

t}Kt = 0. 
 
Equation (61) can be rearranged to yield the following value of output equals value of 
input equation: 
 
(62) PY

t Yt + PI
t It = PX

t Xt  + {rt PI
t  + δPI

t}Kt. 
 

                                                
44 See Christensen and Jorgenson (1969) for a derivation in continuous time and Diewert (1980; 471) for a 
derivation in discrete time. 
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Equation (62) is essentially the closed economy counterpart to the (gross) value of 
outputs equals (gross) value of primary inputs equation (4), Pt⋅yt = Wt⋅xt, that we have 
been using thus far in this study.  We now come to the point of this rather long 
digression: the (gross) payments to primary inputs that is defined by the right hand side 
of (62) is not income, in the sense of Hicks.45  The owner of a unit of capital cannot spend 
the entire period t gross rental income {rt PI

t  + δPI
t} on consumption during period t 

because the depreciation portion of the rental,  δPI
t, is required in order to keep his or her 

capital intact.  Thus the owner of a new unit of capital at the beginning of period t loans 
the unit to the market sector and gets the gross return {rt PI

t  + δPI
t} at the end of the 

period plus the depreciated unit of the initial capital stock, which is worth only (1 − δ)PI
t.  

Thus δPI
t of this gross return must be set aside in order to restore the lender of the capital 

services to his or her original wealth position at the beginning of period t.  This means 
that period t Hicksian market sector income is not the value of payments to primary 
inputs, PX

t Xt  + {rt PI
t  + δPI

t}Kt; instead it is the value of payments to labour PX
t Xt  plus 

the reward for waiting, rt PI
t Kt.  Using this definition of market sector (net) Hicksian 

income, we can rearrange equation (62) as follows: 
 
(63) Hicksian market sector income ≡ PX

t Xt  + rt PI
t Kt 

                = PY
t Yt + PI

t It   −  δPI
tKt 

                = Value of consumption + value of gross investment − value of depreciation. 
     
Thus in this Hicksian net income framework, our new output concept is equal to our old 
output concept less the value of depreciation.  We take the price of depreciation to be the 
corresponding investment price PI

t and the quantity of depreciation is taken to be the 
depreciation rate times the beginning of the period stock, δKt. 
 
Hence the overstatement of income problem that is implicit in the approaches used in 
previous sections can readily be remedied: all we need to do is to take the user cost 
formula for an asset and decompose it into two parts: 
 

• One part that represents depreciation and foreseen obsolescence, δPI
tKt,  and  

• The remaining part that is the reward for postponing consumption, rt PI
t Kt.  

 
In our data base used in the previous sections, the user costs had the following form:46 
 

                                                
45 We will use Hicks’ third concept of income here: “Income No. 3 must be defined as the maximum 
amount of money which the individual can spend this week, and still be able to expect to spend this week, 
and still be able to expect to spend the same amount in real terms in each ensuing week.”  J.R. Hicks 
(1946; 174). 
46 There is no actual or smoothed capital gains term in the user cost formula (64).  If such terms are 
introduced into the user cost formula, due to the rapid increases in the price of land, the resulting user costs 
inevitably turn out to be negative for at least some periods.  Thus to avoid these negative user costs, we 
assumed that producers expected the rates of asset price inflation to equal general price inflation, which 
would be reflected in the nominal beginning of the period interest rate.  Under these assumptions, the 
capital gains term vanishes from the user cost formula but the nominal interest rate is replaced by a real 
interest rate.  For more discussion on this approach to user costs, see Diewert (2005c). 
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(64) ut = (rt + δt + τt)PI
t/(1+rt) 

 
where rt was the balancing period t real rate of interest, δt was a geometric depreciation 
rate for period t, τt was an average capital taxation rate on the asset and PI

t was the period 
t investment price for the asset.  Thus in this section, we split up each user cost times the 
beginning of the period stock Kt into the depreciation component δt PI

t
 Kt/(1+rt) and the 

remaining term (rt + τt)PI
t
 Kt/(1+rt) and we regard the second term as a genuine income 

component but the first term is treated as an intermediate input cost for the market sector 
and is an offset to gross investment made by the market sector during the period under 
consideration.  Thus in this section, we use a net product approach instead of a gross 
product approach.  In this section, our investment aggregate I is a net investment 
aggregate (gross investment components are indexed with a positive sign in the 
aggregate and depreciation components are indexed with a negative sign in the 
aggregate).  Our capital services aggregate is now a “reward for waiting” capital services 
aggregate rather than the gross return aggregate that was used in the previous section.47  
Using chained Törnqvist price indexes to do the aggregation, our old gross investment 
price index PI is listed in Table 9 below along with the new price for “waiting” capital 
services PKW, the price of the depreciation aggregate PDEP and the price of the new net 
investment aggregate PNI.  The quantity aggregates that correspond to the price data listed 
in Table 9 are also listed in Table 9.48 
 
Table 9: The Quantity and Price of Gross Investment, Waiting Capital Services, 
Depreciation and Net Investment in Japan   
 
Year          yI              xKW          yDEP          yNI        PI              PKW          PDEP            PNI 
1955.      2004.0     1260.4       656.4      1347.6    1.00000    1.00000    1.00000    1.00000 
1956.      2498.0     1307.6       678.1      1819.6    1.08966    1.21419    1.08902    1.09006 
1957.      3335.2     1367.5       730.9      2608.9    1.11530    1.57182    1.16561    1.09925 
1958.      2822.9     1453.3       814.5      1996.9    1.08517    1.10923    1.16954    1.05701 
1959.      3523.4     1514.0       899.9      2619.7    1.09671    1.38217    1.15964    1.07670 
1960.      4485.4     1585.4       998.0      3491.8    1.12536    1.84236    1.17083    1.11091 
1961.      6171.1     1688.0     1174.4      5008.8    1.18842    2.47911    1.19725    1.18348 
1962.      5878.6     1823.9     1427.6      4458.1    1.22206    2.10831    1.23796    1.21505 
1963.      7062.9     1928.5     1687.7      5383.7    1.23440    2.56114    1.22349    1.23586 
1964.      8251.0     2043.3     1953.3      6307.3    1.26520    3.02788    1.23186    1.27360 
1965.      8072.4     2180.0     2268.1      5825.5    1.29157    2.63055    1.25756    1.30011 
1966.      9439.1     2355.2     2540.9      6917.3    1.34057    3.04542    1.27085    1.36247 
1967.    11606.3     2543.3     2868.0      8741.5    1.39509    3.54975    1.29869    1.42620 
1968.    13688.9     2697.7     3308.9    10376.7    1.43578    4.28408    1.31676    1.47421 
1969.    15806.9     2941.5     3873.6    11935.4    1.50321    4.68522    1.36184    1.54884 
1970.    18191.1     3130.9     4556.9    13648.9    1.57495    4.92284    1.41676    1.62606 

                                                
47 This approach seems to be broadly consistent with an approach advocated by Rymes (1968) (1983), who 
stressed the role of waiting services: “Second, one can consider the ‘waiting’ or ‘abstinence’ associated 
with the net returns to capital as the nonlabour primary input.”  T.K. Rymes (1968; 362).  Denison (1974) 
also advocated a net product approach to productivity measurement.   
48 The yDEP entries should have a negative sign attached to them. 
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1971.    17846.7     3331.9     5353.4    12613.5    1.60231    3.84068    1.46490    1.64535 
1972.    18530.2     3504.5     6052.7    12661.9    1.67822    3.50404    1.51056    1.73393 
1973.    21232.8     3749.9     6723.9    14688.7    1.96572    3.91239    1.71178    2.05790 
1974.    23148.5     3976.0     7450.9    15913.7    2.35593    4.44257    2.09973    2.44389 
1975.    19802.9     4225.7     7966.6    12230.4    2.41893    1.89808    2.19683    2.48566 
1976.    21819.2     4403.1     8372.2    13826.1    2.54487    2.86907    2.25065    2.65324 
1977.    21979.1     4640.2     8761.8    13648.3    2.64465    2.57144    2.34833    2.75137 
1978.    22362.3     4829.4     9158.8    13680.0    2.73713    2.48796    2.40449    2.86448 
1979.    25537.4     4985.9     9697.0    16252.3    2.93269    3.58206    2.51407    3.10815 
1980.    26117.4     5193.2    10282.4    16330.9    3.15185    5.91268    2.64280    3.37666 
1981.    26235.2     5373.7    10862.7    15985.7    3.18702    5.77219    2.68314    3.40717 
1982.    26988.1     5567.6    11441.3    16234.3    3.20514    5.90713    2.70166    3.42424 
1983.    25436.8     5753.5    11950.7    14376.8    3.19698    5.09743    2.70844    3.40501 
1984.    27308.4     5876.8    12452.9    15731.7    3.21541    6.18888    2.69376    3.44926 
1985.    30781.7     6102.0    13121.7    18442.0    3.16742    8.05201    2.64683    3.40352 
1986.    30162.5     6279.2    14009.1    17172.4    3.11760    7.15259    2.61459    3.34297 
1987.    33385.3     6473.0    14909.6    19470.0    3.11969    7.94594    2.59232    3.36421 
1988.    37010.9     6696.5    15839.6    22113.9    3.15686    8.58520    2.61422    3.41096 
1989.    41092.9     6908.0    16977.3    25016.3    3.27383    9.65533    2.68399    3.55625 
1990.    45022.2     7162.4   18318.9    27620.1    3.36684   10.31194    2.74649    3.66652 
1991.    44370.2     7388.1    19752.8    25945.3    3.42432    8.90276    2.79732    3.72641 
1992.    42894.0     7667.1    21220.2    23494.1    3.44849    8.07551    2.80155    3.76563 
1993.    40375.6     7901.7    22312.8    20376.2    3.44956    6.44767    2.79930    3.76999 
1994.    40435.3     8078.7    22924.5    19980.2    3.42826    6.29172    2.75538    3.77657 
1995.    41142.3     8189.1    23346.2    20314.5    3.39526    5.95079    2.71993    3.75047 
1996.    44229.4     8322.9    23973.0    22647.3    3.35480    6.62063    2.66305    3.73287 
1997.    45398.4     8457.9    24857.9    23067.2    3.36631    6.55404    2.66325    3.75521 
1998.    41700.2     8643.4    25882.6    19008.0    3.31394    4.93024    2.64481    3.66883 
1999.    40973.8     8756.6    26733.4    17741.4    3.24440    4.44664    2.58351    3.60002 
2000.    43353.1     8869.8    27434.2    19376.5    3.20669    5.03591    2.52937    3.59347 
2001.    41865.9     9030.2    28274.0    17458.1    3.12045    3.97072    2.46129    3.49693 
2002.    39187.9     9194.0    29057.9    14523.5    3.03741    3.70469    2.38506    3.42376 
2003.    39988.0     9344.3    29390.5    14998.4    2.97040    3.91078    2.30324    3.40616 
 
Note that the price of waiting capital services increases much more rapidly than the other 
investment prices.  This is due to the fact that land services are included in the capital 
services aggregate but there is very little investment in land.  Hence the situation is 
explained by the fact that land prices in Japan have been increasing much more rapidly 
than the prices of investment goods over most of the sample period.   
 
Note that gross investment in Japan grew 19.95 fold over the sample period whereas net 
investment grew only 11.13 fold.  Note also that gross investment is well above 
depreciation or replacement investment for every year. 
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All of the analysis presented in sections 3 and 4 above applies to the new situation with 
obvious modifications.  The counterpart to Table 7 in the previous section using the new 
framework is Table 10 below. 
 
Table 10: The Decomposition of Market Sector (Net) Real Income Growth into 
Translog Productivity, Real Output Price Change and Input Quantity Contribution 
Factors 
 
Year t       γt             τt             αD

t           αX
t           αM

t          βL
t           βK

t           αT
t             

1956.   1.14565   1.06353   1.02611   1.00614   0.99146   1.04429   1.00774   0.99755 
1957.   1.13218   1.08315   0.99963   0.99833   0.99884   1.03754   1.01067   0.99718 
1958.   1.01165   0.97013   0.99520   0.99360   1.02671   1.01326   1.01370   1.02014 
1959.   1.13188   1.10913   1.00054   1.00360   0.98758   1.02045   1.00845   0.99114 
1960.   1.16573   1.12103   1.00641   0.99995   0.99587   1.02633   1.01096   0.99582 
1961.   1.18396   1.14492   1.01169   0.99329   1.00020   1.01124   1.01742   0.99349 
1962.   1.02108   1.00552   0.98423   0.98910   1.01507   1.00617   1.02132   1.00400 
1963.   1.10428   1.10390   0.98105   0.99436   1.00656   1.00414   1.01457   1.00088 
1964.   1.14498   1.10740   1.00315   0.99774   1.00139   1.01515   1.01620   0.99912 
1965.   1.01501   0.99997   0.98555   0.99032   1.01007   1.01210   1.01731   1.00029 
1966.   1.11708   1.07289   1.00023   0.99283   1.00345   1.02466   1.01972   0.99626 
1967.   1.14251   1.08704   1.00712   0.99597   1.00882   1.01736   1.02093   1.00476 
1968.   1.13465   1.11290   0.99403   0.99330   1.00618   1.00893   1.01716   0.99943 
1969.   1.13057   1.08981   1.00494   0.99601   1.00273   1.00709   1.02633   0.99873 
1970.   1.08660   1.06242   0.99120   0.99350   1.00892   1.01060   1.01860   1.00237 
1971.   1.00089   0.99333   0.97972   0.99384   1.01285   1.00553   1.01609   1.00662 
1972.   1.05492   1.03774   1.00162   0.99049   1.00578   1.00810   1.01059   0.99621 
1973.   1.10251   1.05626   1.02280   0.99703   0.98751   1.02325   1.01295   0.98457 
1974.   0.99565   1.04219   0.98349   1.00766   0.97037   0.98281   1.01082   0.97780 
1975.   0.91729   0.93640   0.95704   0.98723   1.05028   0.97938   1.00794   1.03686 
1976.   1.05874   1.03742   0.98894   0.98722   1.01429   1.02663   1.00387   1.00132 
1977.   1.02299   1.00720   0.98749   0.97985   1.02441   1.01929   1.00530   1.00377 
1978.   1.03834   1.01081   0.99865   0.98222   1.03151   1.01160   1.00361   1.01317 
1979.   1.07899   1.09224   1.01597   1.00812   0.95028   1.01168   1.00326   0.95800 
1980.   1.05613   1.05467   0.99540   1.00199   0.98651   1.01170   1.00597   0.98847 
1981.   1.01673   1.00793   0.98595   0.99721   1.00783   1.01208   1.00585   1.00501 
1982.   1.03451   1.02138   0.99549   1.00222   0.99976   1.00947   1.00591   1.00198 
1983.   1.00791   0.97790   0.99918   0.99012   1.01350   1.02271   1.00511   1.00349 
1984.   1.04486   1.04008   0.98993   0.99827   1.00869   1.00449   1.00331   1.00694 
1985.   1.07049   1.05992   0.99064   0.99088   1.01220   1.00937   1.00707   1.00297 
1986.   1.00960   0.97876   0.99367   0.97658   1.04695   1.00959   1.00566   1.02242 
1987.   1.04215   1.02946   0.99170   0.99389   1.00898   1.01186   1.00600   1.00282 
1988.   1.05671   1.03602   0.99468   0.99724   1.00381   1.01703   1.00722   1.00103 
1989.   1.06777   1.04420   1.00335   1.00246   0.99681   1.01279   1.00703   0.99926 
1990.   1.05412   1.04892   0.99576   0.99927   0.99414   1.00728   1.00857   0.99341 
1991.   1.00431   0.99425   0.99384   0.99311   1.00964   1.00665   1.00695   1.00268 
1992.   0.99608   0.99230   0.99927   0.99437   1.00728   0.99551   1.00745   1.00161 



 35 

1993.   0.97006   0.97592   0.99694   0.98906   1.00985   0.99289   1.00538   0.99880 
1994.   1.01302   1.01001   0.99887   0.99562   1.00477   1.00016   1.00359   1.00037 
1995.   1.01409   1.00624   1.00032   0.99847   1.00093   1.00594   1.00213   0.99940 
1996.   1.03766   1.03844   0.99975   1.00582   0.98957   1.00157   1.00261   0.99533 
1997.   1.02167   1.02741   1.00004   1.00234   0.99267   0.99670   1.00269   0.99499 
1998.   0.96579   0.96526   0.99953   1.00402   1.00274   0.99107   1.00325   1.00677 
1999.   0.98313   0.99509   0.99616   0.98711   1.01016   0.99295   1.00170   0.99714 
2000.   1.03225   1.02552   1.00094   0.99562   0.99524   1.01312   1.00172   0.99089 
2001.   0.98077   0.99780   0.99802   1.00550   0.99224   0.98485   1.00233   0.99770 
2002.   0.98700   0.99432   0.99981   1.00144   0.99979   0.98953   1.00211   1.00123 
2003.   1.01885   1.02351   1.00218   0.99649   0.99853   0.99630   1.00195   0.99503 
Average 1.0505   1.0353    0.99684   0.99564    1.0042     1.0088     1.0089    0.99978        
 
The new results are quite interesting.  In the previous GDP model, the average rate of 
increase in real income was 5.27% per year, which has now decreased by 0.2% per year 
to 5.05%.  Moreover, there are some big shifts in the explanatory factors: productivity 
growth now accounts for an average contribution of 3.53% per year compared to the old 
3.11%; the contribution of labour input growth has marginally increased from 0.78% per 
year to 0.88% and the contribution of capital services input growth has dramatically 
decreased from 1.75% per year to 0.89% per year.  The contributions of real output price 
changes (including changes in real export and import prices) are little changed and are 
generally small.  
  
The above period to period results can be cumulated and Table 11 is the net product 
counterpart to the gross product cumulative results found in Table 8 above. 
 
Table 11: The Decomposition of Market Sector Real Income Levels into 
Productivity, Real Output Price Change and Input Quantity Contribution Factors 
using the Translog Net Product Approach 
 
Year t        ρt/ρ0         Tt          AD

t          AX
t          AM

t           BL
t           BK

t          AT
t 

1955.   1.00000   1.00000   1.00000   1.00000   1.00000   1.00000   1.00000   1.00000 
1956.   1.14565   1.06353   1.02611   1.00614   0.99146   1.04429   1.00774   0.99755 
1957.   1.29708   1.15196   1.02573   1.00447   0.99031   1.08349   1.01850   0.99474 
1958.   1.31219   1.11755   1.02080   0.99804   1.01677   1.09786   1.03246   1.01477 
1959.   1.48524   1.23951   1.02136   1.00164   1.00414   1.12032   1.04118   1.00578 
1960.   1.73140   1.38953   1.02791   1.00159   0.99999   1.14982   1.05259   1.00158 
1961.   2.04991   1.59090   1.03992   0.99487   1.00019   1.16274   1.07093   0.99506 
1962.   2.09311   1.59969   1.02352   0.98402   1.01526   1.16991   1.09376   0.99904 
1963.   2.31139   1.76590   1.00413   0.97847   1.02192   1.17475   1.10971   0.99991 
1964.   2.64648   1.95556   1.00729   0.97625   1.02334   1.19255   1.12769   0.99904 
1965.   2.68621   1.95550   0.99273   0.96680   1.03364   1.20697   1.14721   0.99932 
1966.   3.00071   2.09803   0.99296   0.95987   1.03721   1.23674   1.16983   0.99558 
1967.   3.42834   2.28065   1.00003   0.95600   1.04636   1.25821   1.19432   1.00032 
1968.   3.88997   2.53814   0.99406   0.94960   1.05282   1.26944   1.21482   0.99976 
1969.   4.39787   2.76609   0.99897   0.94581   1.05570   1.27844   1.24681   0.99849 
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1970.   4.77875   2.93875   0.99019   0.93966   1.06512   1.29199   1.27000   1.00085 
1971.   4.78301   2.91916   0.97011   0.93388   1.07881   1.29913   1.29043   1.00748 
1972.   5.04572   3.02932   0.97168   0.92499   1.08505   1.30965   1.30410   1.00366 
1973.   5.56293   3.19977   0.99383   0.92224   1.07150   1.34010   1.32099   0.98818 
1974.   5.53875   3.33477   0.97743   0.92930   1.03975   1.31706   1.33528   0.96624 
1975.   5.08065   3.12269   0.93544   0.91743   1.09203   1.28991   1.34588   1.00186 
1976.   5.37910   3.23955   0.92509   0.90571   1.10763   1.32426   1.35109   1.00318 
1977.   5.50276   3.26286   0.91352   0.88746   1.13466   1.34980   1.35825   1.00696 
1978.   5.71373   3.29812   0.91229   0.87168   1.17042   1.36545   1.36316   1.02023 
1979.   6.16508   3.60233   0.92686   0.87876   1.11223   1.38140   1.36760   0.97737 
1980.   6.51112   3.79929   0.92260   0.88051   1.09722   1.39756   1.37576   0.96611 
1981.   6.62003   3.82943   0.90963   0.87805   1.10581   1.41444   1.38381   0.97095 
1982.   6.84846   3.91129   0.90553   0.87999   1.10555   1.42783   1.39199   0.97287 
1983.   6.90264   3.82486   0.90479   0.87130   1.12048   1.46026   1.39911   0.97627 
1984.   7.21229   3.97818   0.89568   0.86979   1.13021   1.46681   1.40373   0.98305 
1985.   7.72069   4.21653   0.88730   0.86186   1.14399   1.48055   1.41366   0.98597 
1986.   7.79479   4.12699   0.88168   0.84168   1.19770   1.49475   1.42167   1.00808 
1987.   8.12330   4.24858   0.87436   0.83654   1.20845   1.51248   1.43019   1.01091 
1988.   8.58401   4.40162   0.86971   0.83422   1.21305   1.53824   1.44051   1.01196 
1989.   9.16577   4.59618   0.87263   0.83628   1.20918   1.55791   1.45064   1.01121 
1990.   9.66181   4.82104   0.86893   0.83567   1.20209   1.56926   1.46308   1.00455 
1991.   9.70341   4.79332   0.86358   0.82991   1.21368   1.57970   1.47325   1.00725 
1992.   9.66542   4.75641   0.86295   0.82524   1.22252   1.57260   1.48424   1.00887 
1993.   9.37607   4.64190   0.86031   0.81621   1.23456   1.56143   1.49223   1.00766 
1994.   9.49811   4.68836   0.85933   0.81263   1.24045   1.56168   1.49758   1.00803 
1995.   9.63196   4.71763   0.85961   0.81139   1.24160   1.57096   1.50077   1.00742 
1996.   9.99470   4.89898   0.85939   0.81611   1.22866   1.57343   1.50468   1.00272 
1997.  10.21127   5.03328   0.85943   0.81802   1.21965   1.56823   1.50873   0.99769 
1998.   9.86198   4.85842   0.85902   0.82131   1.22299   1.55424   1.51364   1.00445 
1999.   9.69557   4.83456   0.85572   0.81072   1.23541   1.54329   1.51621   1.00157 
2000.  10.00824   4.95795   0.85652   0.80717   1.22953   1.56353   1.51882   0.99244 
2001.   9.81583   4.94705   0.85483   0.81161   1.21999   1.53985   1.52236   0.99016 
2002.   9.68827   4.91894   0.85467   0.81278   1.21973   1.52372   1.52558   0.99138 
2003.   9.87088   5.03460   0.85653   0.80993   1.21794   1.51808   1.52855   0.98645 
 
Thus the overall growth in real net income in Japan over the 49 year period was a 9.87 
fold increase.  The main (multiplicative) explanatory factors were productivity growth 
5.034), increases in labour input (1.518) and increases in (waiting) capital services 
(1.5128).  There were smaller effects due to the relative fall in the price of domestic C + 
G + I relative to the price of C (0.856), the relative fall in the price of exports (0.810) and 
the relative fall in the price of imports (1.218).  The combined effects of changes in the 
prices of exports and imports relative to the price of consumption were negligible (0.986) 
over the sample period.  
 
8. Conclusion 
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It seems clear to us that it is time that statistical agencies focused their attentions on 
producing estimates of net national product rather than GDP since it is net product that is 
sustainable and is of direct interest for purposes of measuring welfare change.49  For 
those statistical agencies that produce estimates of TFP growth, it would also be desirable 
to move to a net concept of capital services and a corresponding net output measure of 
TFP growth.  Judging from our experience with the Japanese data, a move to net 
measures will change our perception of the growth process: TFP growth becomes more 
important in the net framework and the effects of capital deepening become less 
important. 
 
The computations presented in this paper also illustrated the importance of including land 
and inventory stocks in the asset base when measuring real rates of return and when 
computing TFP growth.   
 
On a theoretical level, the results of Diewert and Morrison (1986) were modified to give 
an exact decomposition of the growth in real incomes generated by the market sector of 
the economy. 
 
Finally, the paper documented the well known productivity slowdown that occurred in 
the Japanese economy over the past 15 years.  In future work, a more detailed sectoral 
breakdown of the Japanese economy may be helpful in determining the industrial origins 
of the overall market sector productivity improvements.  It is clear that the spectacular six 
percent plus TFP growth rates that took place over the period 1955-1973 were partly 
driven by the shift of the labour force from agriculture to industry (and by the shift from 
self employment and family work to paid employment that took place during that period).  
It seems that the same phenomenon is taking place in China now and it will be interesting 
to see if China can sustain its rapid rate of growth once the shift from agriculture to 
industry has been completed.  On the other hand, if Japan wishes to improve on its 
productivity performance in recent years, it seems evident that structural reforms in 
agriculture and services will have to take place. 
 
Data Appendix 
 
The prices of the 16 net outputs listed in section 2 above are listed in Tables A1 and A2 
below and the corresponding quantities are listed in Tables A3 and A4.  The units of 
measurement for Tables A3 and A4 are billions of constant 1955 yen. 
 
Table A1: Market Sector Producer Prices for Japanese Net Outputs 1-8, 1955-2003 
 
Year      P1            P2              P3          P4            P5           P6            P7           P8 
1955.  1.00000  1.00000  1.00000  1.00000  1.00000  1.00000  1.00000  1.00000 
1956.  1.00091  1.04615  1.09315  1.04421  1.05901  1.10674  1.09550  1.13292 
1957.  1.02553  1.17402  1.23234  1.06042  1.09455  1.09355  1.09076  1.17526 
1958.  1.00955  1.21289  1.26337  1.00108  0.91553  1.02925  1.00381  1.13489 
                                                
49 Diewert and Fox (2005) also recently advocated a change to net output and the corresponding measures 
of TFP growth. 
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1959.  1.01553  1.33237  1.22298  1.03344  1.00774  1.05280  1.01767  1.18181 
1960.  1.04535  1.20386  1.36779  1.06001  1.06312  1.07549  1.01444  1.25949 
1961.  1.08920  1.28583  1.52944  1.05194  1.10701  1.21291  1.07861  1.39173 
1962.  1.16632  1.37610  1.64530  1.03432  1.07171  1.24461  1.09003  1.48771 
1963.  1.24931  1.46796  1.73978  1.05967  1.09622  1.29607  1.10484  1.54629 
1964.  1.29122  1.56704  1.95976  1.07653  1.12296  1.33257  1.13829  1.64757 
1965.  1.37883  1.66444  2.13180  1.07065  1.11517  1.36897  1.16444  1.71794 
1966.  1.44610  1.76062  2.26038  1.06905  1.14023  1.46455  1.22966  1.84471 
1967.  1.48971  1.86445  2.40298  1.07055  1.10140  1.57400  1.29276  1.94642 
1968.  1.56743  1.97776  2.58273  1.07173  1.10662  1.64637  1.32822  2.00786 
1969.  1.63573  2.10943  2.84017  1.08749  1.13111  1.74770  1.40252  2.14866 
1970.  1.75697  2.40092  3.12254  1.11814  1.13727  1.86673  1.47959  2.30850 
1971.  1.87705  2.70055  3.40542  1.14929  1.10554  1.90175  1.50187  2.35604 
1972.  1.97780  3.05621  3.72525  1.14170  1.11476  2.14782  1.61574  2.48215 
1973.  2.21196  3.59806  4.25365  1.25249  1.36931  2.68079  2.00264  3.12303 
1974.  2.77293  4.58741  5.78630  1.64495  2.04418  3.07054  2.37877  3.86180 
1975.  3.11803  5.10880  5.63242  1.72635  1.78354  3.13063  2.42566  3.97611 
1976.  3.40207  5.70934  5.76826  1.76102  1.80385  3.39319  2.61696  4.21563 
1977.  3.64388  6.17437  5.92539  1.69598  1.68457  3.52802  2.70634  4.45186 
1978.  3.77883  6.40351  5.91166  1.58930  1.42793  3.67066  2.86719  4.76309 
1979.  3.88894  6.80715  6.05542  1.71824  2.02039  4.10913  3.13596  5.24033 
1980.  4.21892  7.33700  6.19212  1.88495  2.35311  4.44380  3.40411  5.77787 
1981.  4.42015  7.52015  6.31713  1.94589  2.36895  4.43115  3.45028  5.89303 
1982.  4.52948  7.69026  6.53242  2.01615  2.43043  4.46069  3.47203  5.92231 
1983.  4.61708  7.79175  6.97581  1.95276  2.29927  4.45358  3.49475  5.89459 
1984.  4.73160  7.97162  6.73432  1.98380  2.23942  4.54030  3.57409  5.96348 
1985.  4.80666  8.14610  6.73374  1.92525  2.10905  4.55798  3.57719  5.92562 
1986.  4.82738  8.22560  6.72082  1.69025  1.47229  4.52984  3.55824  5.88928 
1987.  4.81622  8.26421  6.08128  1.61953  1.34625  4.63473  3.60516  5.96528 
1988.  4.82460  8.33565  5.58044  1.59133  1.30063  4.70822  3.67548  6.08975 
1989.  4.89836  8.52905  5.39242  1.64384  1.35828  4.96679  3.85442  6.38175 
1990.  5.00305  8.96291  5.07531  1.67158  1.45497  5.14210  3.99359  6.61961 
1991.  5.12029  9.23972  4.95820  1.63227  1.37810  5.26932  4.09673  6.79313 
1992.  5.18734  9.34334  5.02302  1.59096  1.30988  5.35192  4.15254  6.88955 
1993.  5.22592  9.33467  4.98001  1.48418  1.20267  5.43693  4.17118  6.89443 
1994.  5.22487  9.39690  4.90085  1.43813  1.14816  5.45534  4.16974  6.91833 
1995.  5.17328  9.39213  4.83749  1.40880  1.12748  5.41307  4.17920  6.95029 
1996.  5.12960  9.44597  4.74903  1.45407  1.21544  5.44492  4.18912  6.94591 
1997.  5.13427  9.57329  4.70165  1.47750  1.28242  5.54647  4.22240  7.00572 
1998.  5.04020  9.55649  4.65071  1.48593  1.23523  5.42516  4.16065  6.89268 
1999.  4.97857  9.44320  4.49804  1.35901  1.13217  5.36050  4.10895  6.81048 
2000.  4.91978  9.41449  4.40474  1.30905  1.15802  5.36079  4.11460  6.83178 
2001.  4.82340  9.40149  4.31181  1.32538  1.19583  5.30691  4.07647  6.72247 
2002.  4.73984  9.13683  4.25010  1.31236  1.17625  5.23777  4.03281  6.61999 
2003.  4.66586  9.00536  4.19481  1.26867  1.16837  5.23241  4.02869  6.57900 
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Table A2: Market Sector Producer Prices for Japanese Net Outputs 9-16, 1955-2003 
 
Year      P9            P10            P11         P12           P13          P14          P15         P16 
1955.  1.00000  1.00000  1.00000  1.00000  1.00000  1.00000  1.00000  1.00000 
1956.  1.00363  1.09622  1.10278  1.01020  1.10750  1.02692  1.01904  1.02742 
1957.  1.04741  1.16074  1.30181  1.01327  1.17301  1.01153  0.98224  0.93289 
1958.  1.09650  1.12895  1.33136  1.01378  1.07671  1.00000  0.99092  0.94518 
1959.  1.03285  1.16016  1.28603  1.01888  1.12934  1.02692  1.02013  0.94518 
1960.  1.03597  1.13538  1.33644  1.04541  1.15118  1.06538  1.08920  1.00005 
1961.  1.03573  1.12708  1.36452  1.14429  1.27380  1.11538  1.13591  0.97761 
1962.  1.03568  1.10959  1.41014  1.15712  1.29563  1.17307  1.18232  1.01501 
1963.  0.97892  1.10439  1.38393  1.17222  1.33483  1.21154  1.22841  1.03247 
1964.  0.94980  1.09557  1.40244  1.21342  1.39026  1.24231  1.26402  1.03746 
1965.  0.96051  1.09315  1.40403  1.21828  1.43505  1.27692  1.32611  1.09980 
1966.  0.94335  1.09293  1.39690  1.28178  1.54031  1.30769  1.38392  1.15717 
1967.  0.92550  1.10649  1.43644  1.36439  1.62934  1.36153  1.43602  1.17213 
1968.  0.93184  1.09800  1.49993  1.41341  1.69093  1.41923  1.51353  1.20455 
1969.  0.94629  1.10489  1.55994  1.47428  1.79619  1.50769  1.61153  1.23447 
1970.  0.95914  1.12416  1.61347  1.56249  1.91321  1.60000  1.67167  1.22450 
1971.  0.94573  1.14609  1.65680  1.60787  1.94121  1.65769  1.77543  1.20953 
1972.  0.90896  1.16109  1.70000  1.68880  2.11366  1.86538  2.12198  1.51877 
1973.  0.93029  1.25342  1.90376  1.98753  2.66965  2.38846  2.60785  2.49887 
1974.  1.10856  1.48117  2.44311  2.50467  3.17021  2.56923  2.72812  2.61359 
1975.  1.10610  1.57917  2.50750  2.63238  3.20381  2.73846  2.91870  2.81061 
1976.  1.09307  1.61520  2.56340  2.77662  3.47032  2.87692  3.05717  2.77321 
1977.  1.10890  1.69352  2.67557  2.94475  3.61534  2.96153  3.19482  2.44650 
1978.  1.08133  1.70556  2.69934  3.08668  3.81523  3.04615  3.42336  2.99516 
1979.  1.09184  1.72346  2.82978  3.37745  4.22676  3.28077  3.71579  4.13486 
1980.  1.11784  1.79342  3.00576  3.75307  4.61086  3.42307  3.80787  4.26454 
1981.  1.10841  1.81290  3.05955  3.95767  4.62150  3.51153  3.86238  4.56631 
1982.  1.09129  1.86591  3.08321  4.03131  4.63830  3.55769  3.88256  4.20469 
1983.  1.06028  1.88451  3.07114  4.18446  4.63830  3.61538  3.94733  4.09995 
1984.  1.03619  1.80400  3.09080  4.30422  4.73852  3.65384  3.96250  4.02513 
1985.  0.99599  1.79006  3.09547  4.16786  4.72172  3.64615  3.94570  2.67594 
1986.  0.93211  1.76097  3.05991  4.29576  4.68869  3.62308  3.97033  2.50885 
1987.  0.87869  1.74657  3.03876  4.51687  4.77212  3.60769  4.00585  2.40909 
1988.  0.85936  1.75098  3.07636  4.75239  4.86114  3.66538  4.14885  2.59364 
1989.  0.86182  1.77114  3.15997  5.09978  5.12206  3.75769  4.28033  2.80063 
1990.  0.86255  1.78574  3.24625  5.52508  5.29451  3.88461  4.40462  2.63354 
1991.  0.84644  1.79770  3.30897  5.72773  5.42833  3.95000  4.47253  2.50137 
1992.  0.83056  1.79461  3.32263  5.75550  5.52128  3.96153  4.49279  2.33926 
1993.  0.81483  1.79950  3.31038  5.64749  5.56159  3.93077  4.48495  2.24699 
1994.  0.78990  1.76806  3.27556  5.37770  5.57615  3.88461  4.46441  2.23203 
1995.  0.75111  1.75038  3.25175  5.19944  5.59910  3.84615  4.45136  2.45897 
1996.  0.69924  1.72862  3.22285  5.18479  5.59518  3.88845  4.50174  2.61359 
1997.  0.67379  1.73783  3.26011  5.36168  5.65510  3.87692  4.45001  2.32430 
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1998.  0.65244  1.73385  3.24581  5.49608  5.56943  3.86923  4.41483  2.18464 
1999.  0.61894  1.70546  3.16352  5.53061  5.47704  3.84615  4.40885  2.49388 
2000.  0.58779  1.68708  3.08382  5.54411  5.50112  3.77307  4.34123  2.56870 
2001.  0.53311  1.66724  3.00691  5.61140  5.45832  3.69230  4.26847  2.58616 
2002.  0.47777  1.65450  2.95268  5.63971  5.37249  3.64615  4.23795  2.68592 
2003.  0.42817  1.60772  2.86920  5.66816  5.33972  3.60302  4.18782  2.95276 
 
Table A3: Market Sector Net Outputs 1-8 for Japan, 1955-2003 
 
Year        y1            y2           y3          y4            y5           y6           y7           y8 
1955.    4452.8      99.8     405.7      902.1     -899.2     265.4     383.6     530.0 
1956.    4824.3    108.5     380.1    1062.0   -1141.4     292.8     464.4     575.5 
1957.    5134.5    108.5     363.6    1186.1   -1414.8     347.3     585.6     661.7 
1958.    5518.5    107.1     382.9    1249.6   -1260.2     410.5     548.3     688.4 
1959.    5925.5    112.5     431.9    1415.9   -1393.0     450.5     726.5     803.5 
1960.    6529.2    147.6     446.9    1596.7   -1629.6     576.3     981.2     974.8 
1961.    7106.3    165.0     463.4    1680.0   -2003.4     653.0   1174.3   1140.4 
1962.    7795.0    174.2     505.0    1974.6   -2018.2     765.7   1246.5   1246.8 
1963.    8607.3    188.1     570.4    2115.8   -2403.0     892.7   1370.6   1362.9 
1964.    9605.8    229.5     575.0    2578.6   -2710.8   1125.7   1670.1   1384.9 
1965.  10115.7    254.4     603.7    3199.6   -2860.9   1351.9   1525.3   1429.0 
1966.  10940.0    260.7     639.8    3744.0   -3202.9   1432.4   1625.6   1661.6 
1967.  12085.0    258.4     664.4    3996.5   -4027.3   1660.8   1957.7   1775.8 
1968.  13204.9    263.4     713.3    4951.4   -4506.2   1975.1   2214.7   2056.5 
1969.  14530.0    272.8     753.7    5988.7   -5149.0   2257.0   2517.5   2334.5 
1970.  15637.8    219.8     824.6    7033.7   -6402.4   2550.8   3058.9   2464.8 
1971.  16453.7    201.1     887.4    8186.3   -6789.7   2713.6   3020.6   2818.3 
1972.  17992.6    196.0     949.0    8528.9   -7051.0   3008.1   2847.2   3298.4 
1973.  19623.4    182.6   1031.3    8982.6   -8400.6   3399.9   3030.6   3409.4 
1974.  19348.2    175.2     997.1  11068.9   -9496.1   3245.3   3455.3   3129.2 
1975.  20171.4    165.0   1236.7  10964.3 -10683.6   3355.8   3634.5   3260.0 
1976.  20697.5    164.3   1311.8  12787.5 -11884.1   3585.7   3509.0   3336.1 
1977.  21411.6    195.4   1402.7  14288.2 -12735.6   3671.6   3319.3   3560.8 
1978.  22460.7    199.9   1514.5  14260.5 -13494.8   3865.6   3138.0   4055.0 
1979.  23979.9    223.2   1620.8  14869.0 -13701.4   3744.0   3883.3   3883.6 
1980.  24105.7    252.5   3079.5  17360.5 -14976.9   3499.9   4068.5   3865.1 
1981.  24411.6    261.1   3274.6  19396.4 -15263.6   3391.8   4178.1   3948.2 
1982.  25643.1    262.7   3464.0  19376.9 -15489.3   3381.2   4091.6   3948.3 
1983.  26400.2    282.8   3676.1  19966.1 -14992.8   3233.3   4071.2   3744.7 
1984.  26985.7    301.0   3803.4  22553.6 -16574.8   3125.5   4237.3   3660.0 
1985.  28087.4    315.5   3802.5  23887.3 -16735.2   3195.4   4742.9   3713.3 
1986.  28948.3    338.4   3998.9  22415.0 -16795.8   3437.0   4789.9   4040.4 
1987.  30124.1    349.7   4186.8  22207.6 -18840.3   4082.0   4840.1   4195.9 
1988.  31541.8    366.1   4434.0  23353.5 -21819.7   4619.1   5328.6   4615.2 
1989.  32972.4    385.4   4690.2  25522.9 -25445.8   4599.0   6254.5   4871.4 
1990.  34477.2    401.6   5045.8  27208.2 -27402.8   4834.6   6684.9   5341.3 
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1991.  35306.6    426.2   5433.3  28379.4 -27170.8   4627.7   7041.1   5699.4 
1992.  35987.1    464.6   5730.0  29509.6 -26809.5   4397.0   6427.3   5998.8 
1993.  36206.4    485.7   6074.3  29534.1 -26507.5   4476.7   5448.3   6426.7 
1994.  37140.2    500.2   6407.9  30612.6 -28578.5   4934.8   4914.9   6430.4 
1995.  37727.6    532.3   6885.5  31958.5 -32376.7   4741.6   4152.0   6342.4 
1996.  38735.1    552.8   7304.7  33869.9 -36934.7   5267.1   3697.9   6446.8 
1997.  39044.0    557.9   7452.5  37699.6 -37548.0   4664.0   4815.0   6136.7 
1998.  38742.3    638.7   7639.6  36808.2 -35263.4   4012.4   4855.4   6121.8 
1999.  38441.7    682.7   8243.1  37423.3 -36249.5   4000.4   4529.6   6053.1 
2000.  38784.5    640.9   8943.8  42009.9 -39712.0   3992.8   4906.9   5832.6 
2001.  39386.3    661.6   9538.7  39439.5 -39890.3   3772.7   4807.1   5677.8 
2002.  39447.6    685.4  10037.9  42329.6 -40342.4   3624.3   4663.0   5402.9 
2003.  39711.9    701.7  10165.4  45903.7 -41915.9   3565.7   4874.5   4869.5 
 
Table A4: Market Sector Net Outputs 9-16 for Japan, 1955-2003 
 
Year        y9            y10         y11           y12       y13        y14          y15          y16 
1955.        90.5     177.3     223.4       14.4      1.2      203.4       25.5        89.3 
1956.      135.5     224.5     311.2       18.8      1.3      114.3     150.5      214.8 
1957.      181.2     303.6     378.1       23.2      1.5      318.5     145.4      427.6 
1958.      200.2     374.3     375.8       27.4      1.5      250.9    -105.7         -9.3 
1959.      271.3     343.5     452.6       33.3      1.4      121.7       82.5       206.9 
1960.      381.7     536.1     639.6       41.0      1.5      217.0       64.5         -0.2 
1961.      513.0     765.5     884.9       51.4      1.4      454.6     174.4       328.1 
1962.      610.7     870.1     977.7       59.9      1.6        61.4      -10.7       -88.6 
1963.      661.2   1000.5   1068.8       68.3      1.5      267.3       69.7       210.0 
1964.      772.0   1246.9   1190.4       80.3      1.6      416.2     152.6       171.5 
1965.      800.8   1287.8   1186.2       86.1      1.6      362.9      -32.5       -23.3 
1966.      969.5   1589.2   1369.1       99.6      1.8      449.5       99.1         62.6 
1967.    1320.5   1866.9   1786.1     119.2      1.9      644.5     241.0       296.6 
1968.    1782.7   2293.0   2204.0     145.8      2.0      886.3     119.6       165.0 
1969.    2256.2   2659.9   2697.6     175.7      2.2      595.4     250.4       343.1 
1970.    2974.5   2956.2   3252.3     207.6      2.3      637.8     305.4       317.6 
1971.    3257.3   2919.2   3216.9     220.6      2.6      125.0        -4.6       -46.3 
1972.    3912.3   3267.2   3153.7     246.9      3.1     -141.3    -113.4     -514.1 
1973.    5113.8   3288.3   3558.2     280.9      3.4       -12.9     275.7     -401.0 
1974.    4782.8   2539.8   3313.7     262.2      3.4    1571.4      409.3      492.3 
1975.    4573.9   2477.5   2989.3     265.2      3.7     -258.8    -164.3     -132.0 
1976.    5032.9   2472.9   3088.6     279.9      3.5      338.9       85.7       243.1 
1977.    5553.7   2552.8   3102.4     293.5      3.4       -40.1    -102.2      459.7 
1978.    6472.3   3096.2   3236.5     320.7      3.5       76.5     -281.4      -861.8 
1979.    7040.4   3461.7   3500.4     341.6      3.2     835.4        70.4      -181.0 
1980.    7211.4   3331.5   3574.5     342.9      2.9     532.2      415.5       257.8 
1981.    8157.4   3450.8   3741.6     349.7      3.0       27.4      978.4      -244.9 
1982.    8624.8   3104.4   3926.7     357.8      2.9     308.5      751.1       249.2 
1983.    9229.3   3181.6   3933.9     350.1      2.9    -321.5     677.7        -57.1 
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1984.  11167.8   3273.0   4384.3     368.6      2.5       16.5      905.2         92.7 
1985.  13582.2   3731.8   4829.4     426.1      2.4     153.8      787.1     1253.2 
1986.  14932.7   3944.1   4878.8     446.4      2.4    -280.7      494.4     -414.9 
1987.  16597.7   4465.7   4938.5     473.7      2.3       58.5      659.6       149.0 
1988.  19304.9   4692.0   5739.3     520.5      2.2     144.8      591.0      -203.9 
1989.  21311.2   5133.2   6499.8     596.7      2.1     700.2      667.6        -16.5 
1990.  23108.5   5639.6   7381.5     524.0      1.9     647.8      809.5       651.6 
1991.  24165.9   5347.5   7544.2     722.5      1.9     159.8      107.7      -121.0 
1992.  23937.8   5273.0   7037.4     749.1      1.8    -106.1        -1.8      -107.8 
1993.  23479.3   4964.6   6169.6     659.0      2.0    -248.7    -547.5      -393.6 
1994.  22946.0   4876.7   5765.8     632.8      2.1    -105.0    -221.8      -416.7 
1995.  26798.2   5495.7   6169.8     685.0      2.1     188.2    -199.7      -256.2 
1996.  33704.2   5764.1   6514.8     799.6      2.2     325.1      -93.5        -37.0 
1997.  36159.5   5579.7   6805.4     866.5      2.1     523.5    -124.5       539.2 
1998.  34469.0   5075.0   6422.8   1098.5      2.0    -424.8    -571.9           5.1 
1999.  36584.0   4806.4   6165.8   1179.9      1.9  -1059.6       18.7      -494.9 
2000.  39817.8   4879.2   6422.7   1208.2      1.7      -20.6      -54.3      -100.6 
2001.  39588.5   5214.7   6399.5   1291.0      1.6     115.7    -873.4         -54.1 
2002.  32006.1   5254.9   5789.2   1304.2      1.6    -182.6    -423.5       -189.3 
2003.  33990.8   5580.8   6148.2   1317.6      1.6      107.1       62.3       -285.0 
 
Turning now to input prices and quantities used by the market sector in Japan, Tables A5 
and A6 list the input prices for the 14 primary inputs in our data base (see section 2 above 
for a listing of these inputs).  It should be noted that the price of labour, W1, grew the 
most over our sample period (a 29.9 fold increase) while the price of computers, 
electronic and electrical equipment, W4, fell to 0.42 times the initial level.  It should be 
noted that while the price of labour W1 is a flow price, the remaining prices W2-W14 are 
the beginning of the year stock prices of the assets 2-14.50    
 
Table A5: Market Sector Prices for Japanese Primary Inputs 1-7, 1955-2003 
 
Year       W1           W2          W3          W4          W5         W6          W7            
1955.   1.00000  1.00000  1.00000  1.00000  1.00000  1.00000  1.00000 
1956.   1.06015  1.09550  1.13292  1.00363  1.09622  1.10278  1.01020 
1957.   1.12002  1.09076  1.17526  1.04741  1.16074  1.30181  1.01327 
1958.   1.19115  1.00381  1.13489  1.09650  1.12895  1.33136  1.01378 
1959.   1.28144  1.01767  1.18181  1.03285  1.16016  1.28603  1.01888 
1960.   1.41223  1.01444  1.25949  1.03597  1.13538  1.33644  1.04541 
1961.   1.62223  1.07861  1.39173  1.03573  1.12708  1.36452  1.14429 
1962.   1.87672  1.09003  1.48771  1.03568  1.10959  1.41014  1.15712 
1963.   2.14445  1.10484  1.54629  0.97892  1.10439  1.38393  1.17222 
1964.   2.43452  1.13829  1.64757  0.94980  1.09557  1.40244  1.21342 
1965.   2.74574  1.16444  1.71794  0.96051  1.09315  1.40403  1.21828 
1966.   3.04664  1.22966  1.84471  0.94335  1.09293  1.39690  1.28178 
                                                
50 We approximated these beginning of the period asset prices by the corresponding annual average 
investment prices except for the land asset prices, which were obtained from other sources. 
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1967.   3.42006  1.29276  1.94642  0.92550  1.10649  1.43644  1.36439 
1968.   3.92083  1.32822  2.00786  0.93184  1.09800  1.49993  1.41341 
1969.   4.56194  1.40252  2.14866  0.94629  1.10489  1.55994  1.47428 
1970.   5.34943  1.47959  2.30850  0.95914  1.12416  1.61347  1.56249 
1971.   6.20088  1.50187  2.35604  0.94573  1.14609  1.65680  1.60787 
1972.   7.10272  1.61574  2.48215  0.90896  1.16109  1.70000  1.68880 
1973.   8.58472  2.00264  3.12303  0.93029  1.25342  1.90376  1.98753 
1974. 11.03768  2.37877  3.86180  1.10856  1.48117  2.44311  2.50467 
1975. 13.09550  2.42566  3.97611  1.10610  1.57917  2.50750  2.63238 
1976. 14.23948  2.61696  4.21563  1.09307  1.61520  2.56340  2.77662 
1977. 15.53244  2.70634  4.45186  1.10890  1.69352  2.67557  2.94475 
1978. 16.62487  2.86719  4.76309  1.08133  1.70556  2.69934  3.08668 
1979. 17.64361  3.13596  5.24033  1.09184  1.72346  2.82978  3.37745 
1980. 18.61965  3.40411  5.77787  1.11784  1.79342  3.00576  3.75307 
1981. 19.75436  3.45028  5.89303  1.10841  1.81290  3.05955  3.95767 
1982. 20.70442  3.47203  5.92231  1.09129  1.86591  3.08321  4.03131 
1983. 21.25655  3.49475  5.89459  1.06028  1.88451  3.07114  4.18446 
1984. 22.03585  3.57409  5.96348  1.03619  1.80400  3.09080  4.30422 
1985. 22.54127  3.57719  5.92562  0.99599  1.79006  3.09547  4.16786 
1986. 23.17142  3.55824  5.88928  0.93211  1.76097  3.05991  4.29576 
1987. 23.19048  3.60516  5.96528  0.87869  1.74657  3.03876  4.51687 
1988. 23.68318  3.67548  6.08975  0.85936  1.75098  3.07636  4.75239 
1989. 24.76920  3.85442  6.38175  0.86182  1.77114  3.15997  5.09978 
1990. 26.20684  3.99359  6.61961  0.86255  1.78574  3.24625  5.52508 
1991. 27.83529  4.09673  6.79313  0.84644  1.79770  3.30897  5.72773 
1992. 28.74286  4.15254  6.88955  0.83056  1.79461  3.32263  5.75550 
1993. 29.40147  4.17118  6.89443  0.81483  1.79950  3.31038  5.64749 
1994. 29.86487  4.16974  6.91833  0.78990  1.76806  3.27556  5.37770 
1995. 30.04179  4.17920  6.95029  0.75111  1.75038  3.25175  5.19944 
1996. 30.31299  4.18912  6.94591  0.69924  1.72862  3.22285  5.18479 
1997. 31.23549  4.22240  7.00572  0.67379  1.73783  3.26011  5.36168 
1998. 31.06780  4.16065  6.89268  0.65244  1.73385  3.24581  5.49608 
1999. 30.69501  4.10895  6.81048  0.61894  1.70546  3.16352  5.53061 
2000. 30.29806  4.11460  6.83178  0.58779  1.68708  3.08382  5.54411 
2001. 30.47848  4.07647  6.72247  0.53311  1.66724  3.00691  5.61140 
2002. 29.98659  4.03281  6.61999  0.47777  1.65450  2.95268  5.63971 
2003. 29.92703  4.02869  6.57900  0.42817  1.60772  2.86920  5.66816 
 
Table A6: Market Sector Prices for Japanese Primary Inputs 8-14, 1955-2003 
 
Year       W8           W9          W10          W11          W12         W13          W14            
1955.  1.00000  1.00000  1.00000  1.00000   1.00000   1.00000   1.00000 
1956.  1.10750  0.99617  1.05533  1.04055   0.99029   1.17374   1.12385 
1957.  1.17301  1.02299  1.07542  1.06908   1.00971   1.47500   1.26305 
1958.  1.07671  1.00766  1.03659  0.97072   1.02913   1.79981   1.41948 
1959.  1.12934  0.99617  1.04575  0.98351   1.04854   2.21126   1.59529 
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1960.  1.15118  1.02299  1.07657  0.98351   1.07767   2.85319   1.79288 
1961.  1.27380  1.06130  1.14947  1.04060   1.09709   3.95208   1.88544 
1962.  1.29563  1.11111  1.19876  1.01725   1.21359   5.08853   1.98279 
1963.  1.33483  1.16858  1.24774  1.05617   1.43689   6.09090   2.08516 
1964.  1.39026  1.20690  1.29638  1.07434   1.52427   6.93877   2.19282 
1965.  1.43505  1.23755  1.33396  1.07953   1.67961   7.86056   2.30604 
1966.  1.54031  1.27203  1.39948  1.14440   1.85437   8.41532   2.52973 
1967.  1.62934  1.30268  1.46049  1.20409   2.11650   9.11043   2.77513 
1968.  1.69093  1.35632  1.51547  1.21966   2.24272 10.20130   3.04433 
1969.  1.79619  1.41379  1.59727  1.25339   2.23301 11.80269   3.33964 
1970.  1.91321  1.50192  1.70070  1.28453   2.50485 13.97532   3.66360 
1971.  1.94121  1.59387  1.76416  1.27415   2.66990 16.10288   4.20046 
1972.  2.11366  1.65134  1.87366  1.25858   2.90291 18.10110   4.81598 
1973.  2.66965  1.85824  2.23939  1.58036   3.54369 21.67893   5.52170 
1974.  3.17021  2.37931  2.75214  2.60020   4.73786 26.14064   6.33084 
1975.  3.20381  2.55939  2.87907  2.71957   5.58252 26.42574   7.25854 
1976.  3.47032  2.72797  3.08019  2.92458   6.05825 26.21736   7.78391 
1977.  3.61534  2.86590  3.22632  2.88566   6.26414 26.46087   8.24024 
1978.  3.81523  2.95019  3.37159  2.54571   6.58765 26.86482   9.04360 
1979.  4.22676  3.03448  3.61277  3.11661   7.40008 27.60298   9.62586 
1980.  4.61086  3.26820  3.92139  4.30253   8.35485 29.13835 10.49135 
1981.  4.62150  3.40996  4.01856  4.43747   9.24373 31.11412 11.13121 
1982.  4.63830  3.49808  4.07608  4.75147 10.08253 33.04778 11.34051 
1983.  4.63830  3.54406  4.09738  4.37519 10.82749 34.58708 11.62506 
1984.  4.73852  3.60153  4.16574  4.26620 10.92923 35.73703 11.71559 
1985.  4.72172  3.63985  4.18174  4.18835 11.56175 36.81809 11.86977 
1986.  4.68869  3.63218  4.16401  2.78445 11.91713 38.10956 12.02558 
1987.  4.77212  3.60920  4.19001  2.61058 13.18550 40.45276 12.45106 
1988.  4.86114  3.59387  4.22749  2.50678 14.54941 44.90033 12.46637 
1989.  5.12206  3.65134  4.37841  2.69881 16.10033 49.46681 12.48169 
1990.  5.29451  3.74330  4.51716  2.91420 17.81070 56.42712 12.49703 
1991.  5.42833  3.86973  4.64833  2.74033 19.71505 63.28955 12.12780 
1992.  5.52128  3.93487  4.72000  2.60280 17.66198 64.05983 11.76948 
1993.  5.56159  3.94636  4.74138  2.43412 15.59688 60.54749 11.42175 
1994.  5.57615  3.91571  4.73310  2.33811 14.45851 56.54404 11.08429 
1995.  5.59910  3.86973  4.71143  2.32254 14.02186 53.09197 10.75680 
1996.  5.59518  3.83142  4.69765  2.55868 13.47923 49.48009 10.56415 
1997.  5.65510  3.87356  4.75082  2.71957 13.25033 46.07104 10.37495 
1998.  5.56943  3.86207  4.69623  2.41855 12.80205 43.24371 10.18914 
1999.  5.47704  3.85441  4.65910  2.27323 12.16015 40.32006 10.00666 
2000.  5.50112  3.83142  4.65279  2.59501 11.54836 37.17151   9.82744 
2001.  5.45832  3.75862  4.58143  2.67286 10.96537 34.07813   9.36461 
2002.  5.37249  3.67816  4.50465  2.69103 10.23207 31.04654   9.19399 
2003.  5.33972  3.63218  4.47244  2.79483   9.82604 28.14293   9.02647 
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Note that the price of agricultural land peaked in 1991 with a price equal to 19.7 times the 
1955 price and then the price trended down to 9.8 in 2003; the price of business land 
peaked in 1992 with a price equal to 64.0 times the 1955 price and then the price trended 
down to 28.1 in 2003 and the price of forested land (and the timber standing on the land) 
peaked in 1990 with a price equal to 12.5 times the 1955 price and then the price trended 
down to 9.0 in 2003.  The corresponding primary input quantities used are listed in 
Tables A7 and A8 below. 
 
Table A7: Market Sector Primary Inputs 1-7 for Japan, 1955-2003 
 
Year        x1            x2           x3              x4            x5          x6             x7            
1955.   5048.4    2423.1    4794.9       468.4      798.8    1620.2       33.6 
1956.   5332.9    2671.7    5054.5       480.9      806.8    1625.7       36.9 
1957.   5596.9    2984.2    5333.0       537.8      866.4    1721.1       43.4 
1958.   5692.7    3409.1    5681.4       630.4      991.6    1869.0       52.2 
1959.   5839.6    3804.3    6016.0       726.0    1155.0    1983.9       62.3 
1960.   6041.9    4360.5    6409.7       880.9    1259.4    2162.4       74.9 
1961.   6135.8    5141.1    6920.7     1122.6    1535.8    2508.6       91.1 
1962.   6187.9    6082.6    7512.2     1455.4    1981.7    3049.5     112.2 
1963.   6222.5    7048.6    8119.8     1823.9    2429.6    3605.1     134.8 
1964.   6353.4    8067.2    8766.9     2172.3    2905.8    4168.5     158.3 
1965.   6458.2    9392.1    9326.7     2583.6    3535.4    4785.4     186.0 
1966.   6672.2  10506.3    9886.4     2962.8    4069.6    5315.1     210.3 
1967.   6831.3  11662.4  10543.8     3427.1    4762.0    5943.8     239.8 
1968.   6917.2  13073.1  11316.7     4170.2    5586.3    6918.0     278.8 
1969.   6987.4  14660.7  12225.2     5244.0    6630.5    8182.1     331.1 
1970.   7092.7  16533.7  13285.5     6636.6    7808.9    9782.1     395.4 
1971.   7145.5  18788.4  14329.3     8519.7    8991.9  11725.2     469.6 
1972.   7218.7  20983.2  15465.1   10420.7    9831.9  13388.0     531.6 
1973.   7426.5  22925.6  16878.9   12626.7  10625.6  14752.1     598.1 
1974.   7270.4  24973.9  18417.5   15590.3  11124.0  16304.1     675.8 
1975.   7098.4  27308.4  19861.4   17892.8  11005.8  17442.6     709.1 
1976.   7307.3  29646.3  21283.7   19645.8  10952.3  18106.1     733.9 
1977.   7464.2  31721.0  22689.1   21525.7  10798.0  18783.3     763.1 
1978.   7559.4  33557.1  24125.8   23639.0  10749.9  19368.1     793.9 
1979.   7657.8  35215.8  25603.6   26363.3  11360.8  20008.4     841.3 
1980.   7762.8  37348.1  27027.2   29033.5  12057.7  20785.5     890.5 
1981.   7876.0  39652.0  28411.9   31578.5  12789.7  21567.2     924.1 
1982.   7965.5  41912.3  29828.6   34519.9  13320.1  22398.3     949.5 
1983.   8180.1  43981.9  31299.3   37204.0  13474.5  23292.7     970.6 
1984.   8223.6  45991.9  32455.2   40234.3  13748.0  24089.7     976.0 
1985.   8318.5  48143.8  33422.8   44910.3  14151.3  25256.8     994.3 
1986.   8418.0  50486.4  34416.4   51172.9  15005.2  26719.0   1056.3 
1987.   8542.5  53073.2  35468.2   57817.5  15904.7  28076.5   1111.4 
1988.   8727.5  55436.0  36458.3   64965.8  17129.1  29306.4   1176.1 
1989.   8871.8  58072.9  37800.1   73686.3  18331.6  31161.2   1259.4 
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1990.   8956.5  61539.5  39425.8   82767.1  19723.0  33518.7   1386.4 
1991.   9033.3  65276.5  41401.7   92217.5  21329.0  36450.0   1406.0 
1992.   8982.6  69257.5  43571.2 101689.6  22335.1  39179.4   1602.2 
1993.   8905.0  72289.3  45780.8 108653.4  23050.0  41003.8   1751.3 
1994.   8906.7  74111.1  48088.4 113539.1  23316.7  41693.3   1762.4 
1995.   8969.5  75393.4  50225.7 117690.5  23429.7  41908.7   1739.5 
1996.   8986.3  76097.0  52237.6 124246.3  24100.5  42482.4   1764.1 
1997.   8950.7  76210.3  54177.9 135676.2  24930.3  43307.6   1885.4 
1998.   8856.8  77558.3  55945.8 149024.9  25422.1  44354.7   2030.2 
1999.   8785.1  78947.8  57637.1 159025.7  25330.0  44899.9   2337.8 
2000.   8918.3  79868.2  59119.4 169046.3  24981.1  45112.4   2622.2 
2001.   8763.2  81330.7  60577.3 181944.8  24780.2  45600.7   2841.9 
2002.   8659.3  82636.1  61920.8 192713.6  24955.3  46004.4   3075.0 
2003.   8622.9  83749.2  63092.4 194390.7  25138.6  45748.1   3250.1  
 
Table A8: Market Sector Primary Inputs 8-14 for Japan, 1955-2003 
 
Year        x8        x9           x10         x11         x12           x13         x14            
1955.      1.9    2850.1     569.3   1144.9  11355.5    4453.6   2664.6 
1956.      2.1    3054.3     593.5   1230.7  11493.2    4501.3   2692.1 
1957.      2.3    3169.0     736.1   1437.1  11554.3    4545.1   2719.8 
1958.      2.5    3488.7     873.9   1848.0  11592.6    4598.4   2752.1 
1959.      2.6    3740.6     773.7   1839.1  11609.8    4695.1   2784.7 
1960.      2.5    3862.8     851.9   2037.9  11605.9    4717.9   2817.8 
1961.      2.7    4080.6     913.0   2037.7  11634.6    4890.4   2847.3 
1962.      2.6    4536.9   1078.3   2353.0  11625.1    5064.8   2877.0 
1963.      2.7    4598.5   1068.2   2267.9  11584.9    5207.8   2907.1 
1964.      2.7    4866.8   1134.2   2469.7  11550.5    5352.1   2937.5 
1965.      2.8    5284.6   1278.8   2634.5  11477.9    5569.9   2968.2 
1966.      2.9    5648.9   1248.0   2612.1  11462.6    6227.1   2999.2 
1967.      3.1    6100.1   1341.9   2672.3  11351.7    6896.6   3030.6 
1968.      3.2    6747.1   1570.3   2957.3  11273.3    7088.3   3062.3 
1969.      3.5    7636.8   1683.6   3115.9  11187.3    7752.9   3094.3 
1970.      3.8    8234.5   1920.9   3445.6  11080.2    7938.1   3126.6 
1971.      4.0    8874.8   2210.3   3750.8  10975.1    8099.1   3157.9 
1972.      4.4    9000.3   2205.9   3706.3  10864.2    8278.3   3189.5 
1973.      5.1    8858.5   2098.4   3212.2  10795.4    8956.3   3221.4 
1974.      5.7    8845.6   2359.6   2826.8  10734.2    9414.5   3253.7 
1975.      5.9  10423.0   2747.4   3299.9  10652.0    9870.7   3286.2 
1976.      6.3  10163.2   2591.7   3173.0  10583.2  10155.1   3319.1 
1977.      6.3  10503.4   2672.9   3406.6  10543.0  10791.7   3352.3 
1978.      6.3  10463.1   2576.1   3848.4  10502.9  11180.2   3385.9 
1979.      6.3  10539.9   2309.5   3020.2  10464.7  11455.2   3419.8 
1980.      6.0  11378.5   2376.2   2846.3  10439.8  11803.0   3454.0 
1981.      5.6  11912.7   2769.9   3094.1  10403.5  11921.3   3474.9 
1982.      5.5  11940.2   3697.0   2858.7  10372.9  12198.2   3496.0 
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1983.      5.3  12249.9   4408.7   3098.2  10344.2  12414.0   3517.1 
1984.      5.3  11927.2   5050.9   3043.3  10315.5  12406.5   3538.4 
1985.      4.9  11943.8   5908.6   3132.4  10283.0  12900.0   3559.9 
1986.      4.7  12098.2   6654.4   4336.8  10242.9  12888.2   3581.4 
1987.      4.5  11816.4   7122.9   3938.1  10208.5  13149.5   3603.1 
1988.      4.3  11875.1   7747.9   4081.3  10164.5  13554.3   3625.0 
1989.      4.2  12020.5   8307.9   3885.3  10091.9  13784.2   3646.9 
1990.      4.0  12723.4   8940.5   3869.4  10023.1  14021.1   3669.0 
1991.      3.7  13373.7   9707.6   4495.6    9948.5  14013.9   3659.5 
1992.      3.5  13534.1   9809.7   4379.3    9873.9  14338.5   3650.0 
1993.      3.4  13427.6   9808.0   4275.7    9795.6  14651.8   3640.5 
1994.      3.5  13177.9   9289.2   3897.4    9717.2  14996.3   3631.1 
1995.      3.6  13072.5   9079.0   3496.9    9631.2  15100.6   3621.7 
1996.      3.8  13261.4   8889.8   3250.7    9547.0  15340.3   3612.3 
1997.      3.9  13587.7   8801.2   3215.1    9461.0  15572.6   3602.9 
1998.      3.9  14113.2   8683.2   3733.3    9376.9  15820.1   3593.6 
1999.      3.8  13686.8   8141.3   3738.2    9302.3  15835.6   3584.2 
2000.      3.6  12623.1   8159.0   3262.6    9233.5  16075.7   3574.9 
2001.      3.3  12602.4   8107.5   3165.9    9164.7  16324.0   3565.7 
2002.      3.1  12718.5   7279.9   3113.9    9103.5  16790.5   3556.4 
2003.      3.0  12535.2   6878.6   2932.0    9053.8  17468.0   3547.2   
 
Note that the three types of inventory stock, x9-x11, peaked around 1991-92 and then 
declined fairly steadily to the end of the sample period.  These declines no doubt reflect 
Japanese just-in-time inventory delivery innovations, made possible by the development 
of new IT products. 
 
We now list the components that are used to construct the nominal user costs Um

t ≡ (rt + 
δm + τm

t) Wm
t/(1 + rt) for m = 2, 3, ..., 14, where rt is the year t (balancing) real interest 

rate, δm  is the constant geometric depreciation rate for asset m, τm
t is the year t capital tax 

rate on asset m and Wm
t is the year t stock price for asset m listed in Tables A7 and A8 

above. 
 
The depreciation rates for assets 2-8 are δ2 = 0.0415, δ3 = 0.0250, δ4 = 0.1500, δ5 = 
0.2000, δ6 = 0.1300, δ7 = 0.3300 and δ8 = 0.5500.  The depreciation rates for the 
remaining 3 inventory and 3 land assets are assumed to be zero; i.e., δm ≡ 0 for m = 9,10, 
... ,14. 
 
The balancing real interest rates that make the value of inputs equal to the value of 
outputs in each year rt and the capital tax rates τ2

t and τ3
t are listed in Table A9 below.  

The tax rates for the remaining assets are all equal to τ3
t; i.e., we have τm

t ≡ τ3
t for m = 

4,5, ... ,14. 
 
Table A9: Real Interest Rates and Capital Taxation Rates for Japan, 1955-2003 
 
Year        rt              τ2

t            τ3
t              
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1955.   0.02557   0.05467   0.01014 
1956.   0.02993   0.05244   0.01161 
1957.   0.03838   0.05359   0.01316 
1958.   0.02170   0.05438   0.01201 
1959.   0.02837   0.05292   0.01231 
1960.   0.03667   0.05292   0.01465 
1961.   0.04748   0.04937   0.01556 
1962.   0.03219   0.04609   0.01467 
1963.   0.03843   0.04382   0.01394 
1964.   0.04473   0.04212   0.01374 
1965.   0.03428   0.03869   0.01225 
1966.   0.03974   0.03637   0.01150 
1967.   0.04413   0.03593   0.01208 
1968.   0.05125   0.03654   0.01292 
1969.   0.05083   0.03693   0.01384 
1970.   0.04586   0.03744   0.01473 
1971.   0.02824   0.03750   0.01392 
1972.   0.02054   0.03769   0.01426 
1973.   0.01648   0.03768   0.01592 
1974.   0.01490   0.03551   0.01503 
1975.  -0.00121   0.03412   0.01182 
1976.   0.00516   0.03389   0.01155 
1977.   0.00182   0.03540   0.01223 
1978.  -0.00168   0.03750   0.01457 
1979.   0.00430   0.03662   0.01438 
1980.   0.01616   0.03588   0.01449 
1981.   0.01387   0.03599   0.01455 
1982.   0.01363   0.03659   0.01436 
1983.   0.00841   0.03777   0.01447 
1984.   0.01218   0.03936   0.01579 
1985.   0.01979   0.04173   0.01721 
1986.   0.01289   0.04472   0.01897 
1987.   0.01334   0.04697   0.02121 
1988.   0.01322   0.04789   0.02226 
1989.   0.01546   0.04725   0.02228 
1990.   0.01687   0.04479   0.02063 
1991.   0.01085   0.04276   0.01873 
1992.   0.01098   0.03992   0.01550 
1993.   0.00705   0.03879   0.01398 
1994.   0.00896   0.03769   0.01219 
1995.   0.00751   0.03912   0.01272 
1996.   0.01021   0.04081   0.01347 
1997.   0.01088   0.04049   0.01308 
1998.   0.00566   0.03966   0.01169 
1999.   0.00517   0.03912   0.01055 
2000.   0.00823   0.03879   0.01106 
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2001.   0.00373   0.03861   0.01109 
2002.   0.00336   0.03829   0.01082 
2003.   0.00599   0.03716   0.01003 
 
We conclude this Appendix with a note on the Japanese data.  A major problem that we 
encountered was that data from different sources often were not consistent with each 
other.  Hence we were forced to make many guesses as to what the “truth” might be and 
so there is an unknown amount of measurement error in our data.  A complete 
documentation of our data construction is available upon request.51 
 
It seems to us that the present Japanese statistical system is too decentralized: 
approximately 50 separate agencies contribute to the construction of the Japanese 
national accounts.  Great efficiencies could be achieved by centralizing these resources 
into a Statistics Japan.52 
 
   
References 
 
Archibald, R.B. (1977), “On the Theory of Industrial Price Measurement: Output Price 

Indexes”, Annals of Economic and Social Measurement 6, 57-72. 
 
Balk, B.M. (1998), Industrial Price, Quantity and Productivity Indices, Boston: Kluwer 

Academic Publishers. 
 
Christensen, L.R. and D.W. Jorgenson (1969), “The Measurement of U.S. Real Capital 

Input, 1929-1967”, Review of Income and Wealth 15, 293-320. 
 
Christensen, L.R., D.W. Jorgenson and L.J. Lau (1971), “Conjugate Duality and the 

Transcendental Logarithmic Production Function”, Econometrica 39, 255-256. 
 
Denison, Edward F. (1974); Accounting for United States Economic Growth 1929-69, 

Washington D.C.: The Brookings Institution. 
 
Diewert, W.E. (1973), “Functional Forms for Profit and Transformation Functions”, 

Journal of Economic Theory 6, 284-316. 
 
Diewert, W.E., (1974), “Applications of Duality Theory,” pp. 106-171 in M.D. 

Intriligator and D.A. Kendrick (ed.), Frontiers of Quantitative Economics, Vol. II, 
Amsterdam: North-Holland. 

 

                                                
51 Please email: diewert@econ.ubc.ca for the various data files. 
52 Suitable target agencies are  the Australian Bureau of Statistics, Statistics Canada and Statistics 
Netherlands.  Also, Japanese government employees are frequently rotated out of their jobs, which may be 
a wise strategy in general but is not recommended for workers in Statistical Agencies, where it may take 
years to train an employee to a high level of effectiveness.     



 50 

Diewert, W.E. (1977), “Walras’ Theory of Capital Formation and the Existence of a 
Temporary Equilibrium”, pp. 73-126 in Equilibrium and Disequilibrium in 
Economic Theory, E. Schwödiauer (ed.), Reidel Publishing Company. 

 
Diewert, W.E. (1978), “Superlative Index Numbers and Consistency in Aggregation”, 

Econometrica 46, 883-900. 
 
Diewert, W.E. (1980), “Aggregation Problems in the Measurement of Capital”, pp. 433-

528 in The Measurement of Capital, D. Usher (ed.), Chicago: The University of 
Chicago Press. 

 
Diewert, W.E. (1983), “The Theory of the Output Price Index and the Measurement of  

Real Output Change”, pp. 1049-1113 in Price Level Measurement, W.E. Diewert 
and C. Montmarquette (eds.), Ottawa: Statistics Canada. 

 
Diewert, W.E. (1993), “Symmetric Means and Choice Under Uncertainty”, pp. 355-433 

in Essays in Index Number Theory, Volume I, Contributions to Economic 
Analysis 217, W.E. Diewert and A.O. Nakamura (eds.), Amsterdam:  North 
Holland. 

 
Diewert, W.E. (1997), “Commentary” on Mathew D. Shapiro and David W. Wilcox, 

“Alternative Strategies for Aggregating Price in the CPI”, The Federal Reserve 
Bank of St. Louis Review, 79:3,  127-137. 

 
Diewert, W.E. (2005a), “On Measuring Inventory Change in Current and Constant 

Dollars”, Discussion Paper 05-12, Department of Economics, The University of 
British Columbia, Vancouver, Canada, V6T 1Z1.  Available at 
http://www.econ.ubc.ca/diewert/disc.htm 

 
Diewert, W.E. (2005b), “Welfare, Productivity and the Terms of Trade”, paper presented 

at the Bureau of Economic Analysis, Washington D.C., November 17, revised 
November 22, 2005. 

 
Diewert, W.E. (2005c), “Issues in the Measurement  of Capital Services, Depreciation, 

Asset Price Changes and Interest Rates”, pp. 479-542 in Measuring Capital in the 
New Economy,  C. Corrado, J. Haltiwanger and D. Sichel (eds.), Chicago:  
University of Chicago Press. 

 
Diewert, W.E. and K.J. Fox (2005), “The New Economy and an Old Problem: Net versus 

Gross Output”, University of New South Wales, April. 
 
Diewert, W.E. and D. Lawrence (2005a), “Australia’s Productivity Growth and the Role 

of Information and communications Technology: 1960-2004”, Report prepared 
for the Department of Communications, Information Technology and the Arts, 
Canberra, Australia, March. 14. 

 



 51 

Diewert, W.E. and D. Lawrence (2005b), “Productivity, the Terms of Trade and 
Australian Welfare, 1960-2004”, Productivity Commission Seminar, December 2, 
Canberra, Australia. 

 
Diewert, W.E. and C.J. Morrison (1986), “Adjusting Output and Productivity Indexes for 

Changes in the Terms of Trade”, The Economic Journal 96, 659-679. 
 
Diewert, W.E. and A.M. Smith (1994), “Productivity Measurement for a Distribution 

Firm”, the Journal of Productivity Analysis 5, 335-347. 
 
Edwards, E.O. and P.W. Bell (1961), The Theory and Measurement of Business Income, 

Berkeley: University of California Press. 
 
Feenstra, R.C. (2004), Advanced International Trade: Theory and Evidence, Princeton 

N.J.: Princeton University Press. 
 
Fisher, F.M. and K. Shell (1972), “The Pure Theory of the National Output Deflator”, pp. 

49-113 in The Economic Theory of Price Indexes, New York: Academic Press. 
 
Fisher, I. (1922), The Making of Index Numbers, Houghton-Mifflin, Boston. 
 
Fox, K.J. and U. Kohli (1998), “GDP Growth, Terms of Trade Effects and Total Factor 

Productivity”, Journal of International Trade and Economic Development 7, 87-
110. 

 
Gorman, W.M. (1968), “Measuring the Quantities of Fixed Factors”, pp. 141-172 in 

Value, Capital and Growth: Papers in Honour of Sir John Hicks, J.N Wolfe (ed.), 
Chicago: Aldine Press. 

 
Hayashi, F. and E.C. Prescott (2003), “The 1990s in Japan: A Lost Decade”, University 

of Tokyo and Arizona State University, August. 
 
Hicks, J.R. (1946), Value and Capital, Second Edition, Oxford: The Clarendon Press. 
 
Hicks, J.R. (1961), “The Measurement of Capital in Relation to the Measurement of 

Other Economic Aggregates”, pp. 18-31 in The Theory of Capital, F.A. Lutz and 
D.C. Hague (eds.), London: Macmillan. 

 
Hotelling, H. (1932), “Edgeworth’s Taxation Paradox and the Nature of Demand and 

Supply Functions”, Journal of Political Economy 40, 577-616. 
 
Jorgenson, D.W. (1989), “Capital as a Factor of Production”, pp. 1-35 in Technology and 

Capital Formation, D.W. Jorgenson and R. Landau (eds.), Cambridge MA: The 
MIT Press. 

 



 52 

Jorgenson, D.W. (1996a), “Empirical Studies of Depreciation”, Economic Inquiry 34, 24-
42. 

  
Jorgenson, D.W. (1996b), Investment: Volume 2; Tax Policy and the Cost of Capital, 

Cambridge, Massachusetts: The MIT Press. 
 
Jorgenson, D.W. and Z. Griliches (1967), The Explanation of Productivity Change”, The 

Review of Economic Studies 34, 249-283. 
 
Jorgenson, D.W. and Z. Griliches (1972), “Issues in Growth Accounting: A Reply to 

Edward F. Denison”, Survey of Current Business 52:4, Part II (May), 65-94. 
 
Jorgenson, D.W. and K. Mitohashi (2005), “Information Technology and the Japanese 

Economy”, Harvard University and the University of Tokyo and Faculty Fellow 
of the Research Institute of Economy, Trade and Industry”, May 1. 

 
Jorgenson, D.W. and K. Nomura (2005), “The Industry Origins of Japanese Economic 

Growth”, paper presented at the 17th TRIO Conference at Keio University , 
Tokyo, December 10, 2004.  Revised May 1, 2005. 

 
Kohli, U. (1978), “A Gross National Product Function and the Derived Demand for 

Imports and Supply of Exports”, Canadian Journal of Economics 11, 167-182. 
 
Kohli, U. (1990), “Growth Accounting in the Open Economy: Parametric and 

Nonparametric Estimates”, Journal of Economic and Social Measurement 16, 
125-136. 

 
Kohli, U. (1991), Technology, Duality and Foreign Trade: The GNP Function Approach 

to Modeling Imports and Exports, Ann Arbor: University of Michigan Press. 
 
Kohli, U. (2003), “Growth Accounting in the Open Economy: International 

Comparisons”, International Review of Economics and Finance 12, 417-435. 
 
Kohli, U. (2004a), “An Implicit Törnqvist Index of Real GDP”, Journal of Productivity 

Analysis 21, 337-353. 
 
Kohli, U. (2004b), “Real GDP, Real Domestic Income and Terms of Trade Changes”, 

Journal of International Economics 62, 83-106.  
 
Lau, L. (1976), “A Characterization of the Normalized Restricted Profit Function”, 

Journal of Economic Theory, 12:1, 131-163. 
 
Morrison, C.J. and W.E. Diewert (1990), “Productivity Growth and Changes in the 

Terms of Trade in Japan and the United States”, pp. 201-227 in Productivity 
Growth in Japan and the United States, Chicago: University of Chicago Press. 

 



 53 

McFadden, D. (1978), “Cost, Revenue and Profit Functions”, pp. 3-109 in Production 
Economics: A Dual Approach to Theory and Applications. Volume 1, M. Fuss 
and D. McFadden (eds.), Amsterdam: North-Holland. 

 
Miyagawa, T., Y. Ito and N Harada (2004), “The IT Revolution and Productivity Growth 

in Japan”, Japan Center On Economic Research and Gakushuin University (first 
author), January. 

 
Nomura, K. (2004), Measurement of Capital and Productivity, (in Japanese), Tokyo: 

Keio University Press. 
 
Rymes, T.K. (1968), “Professor Read and the Measurement of Total Factor 

Productivity”, The Canadian Journal of Economics 1, 359-367. 
 
Rymes, T.K. (1983), “More on the Measurement of Total Factor Productivity”, The 

Review of Income and Wealth 29 (September), 297-316. 
 
Samuelson, P.A. (1953), “Prices of Factors and Goods in General Equilibrium’, Review 

of Economic Studies 21, 1-20. 
 
Samuelson, P.A. and S. Swamy (1974), “Invariant Economic Index Numbers and 

Canonical Duality:  Survey and Synthesis”, American Economic Review 64, 566-
593. 

 
Sato, K. (1976), “The Meaning and Measurement of the Real Value Added Index”, 

Review of Economics and Statistics 58, 434-442. 
 
Törnqvist, L. (1936), “The Bank of Finland’s Consumption Price Index”, Bank of 

Finland Monthly Bulletin 10: 1-8. 
 
Törnqvist, L. and E. Törnqvist (1937), “Vilket är förhällandet mellan finska markens och 

svenska kronans köpkraft?”, Ekonomiska Samfundets Tidskrift 39, 1-39 reprinted 
as pp. 121-160 in Collected Scientific Papers of Leo Törnqvist, Helsinki: The 
Research Institute of the Finnish Economy, 1981. 

 
Woodland, A.D. (1982), International Trade and Resource Allocation, Amsterdam: 

North-Holland. 
 
 
 
 
 
 
 


