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                         Abstract 

 Objective of our analysis is to evaluate quantitatively the characteristics of the 

technical progress from the viewpoint of the static and dynamic production linkages. 

We try to define measures by which we can evaluate the total improvement of the 

efficiency through the spillover effect by the structural changes in all of the related 

commodities. Our idea will be condensed into two concepts of "Static Unit TFP" and 
"Dynamic Unit TFP". Our concept of the measurement of TFP is an extension of the 

concept of the TFP measures by the specific activity, from the viewpoints of the 

spillover effect of the characteristics of technical progress as a production system.
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1. Introduction 

 Objective of our analysis is to evaluate quantitatively the characteristics of the 

technical progress from the viewpoint of the static and dynamic production linkages. 

 Technical progress in the production activity for a specific commodity seems to have 

an impact on the improvement of the efficiency through the changes of various input 

structure. Introducing concepts of total factor productivity (TFP) as a measurement of 

technical progress, we can evaluate impacts of the input structural changes on the 

efficiency in the economy. The measure of the growth rate of TFP in each activity1 

could be ordinarily defined by the difference between the growth rate of output and 

the growth rate of inputs, which is measured by weighted sum of the growth rates of 

various inputs (KLEM). Here, changes of input structure in each activity might be 

able to be connected with the improvement of the production efficiency by the growth 

of TFP. 

 On the other hand, technology in each activity is mutually interdependent through 

the market transactions of intermediate inputs. It implies that production of one 

commodity has a linkage through intermediate transactions of various related 

commodities directly as well as indirectly. Since the direct and indirect linkages 

among commodities are characterized by properties of the current technology, changes 

of the efficiency in the production technology for one specific commodity should be 

evaluated totally as a consolidated measure of impacts of efficiency on all of related 

commodities. In our analysis, we try to define measures by which we can evaluate the 

total improvement of the efficiency through the spillover effect by the structural 

changes in all of the related commodities. It could be referred as "Static Spillover" of 

productivity. 

 The spillover effect of productivity can be measured not only by the static 

interdependent relationship among sectors through the transactions of their 

intermediate goods, but also by the dynamic inter-relationship among sectors through 

the capital accumulation process. The production efficiency in each activity at the 

current period depends on the market transactions of the primary factors such as 

labor and capital as well as intermediate inputs. Capital input in the activity of 

production is served from the capital stock, which was accumulated in past as

1 In this paper , we assume that the production technology for one commodity corresponds 
to one specific activity for the production. It means that a term of "activity" expresses the 
direct input structure for the commodity production, such as an input vector in 
input-output framework. Relating to this expression, we represent that the agent of the 
activity is expressed by a term, "sector", which is the agent of production and investment 
behavior.
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investment. The past series of investment is characterized by properties of the past 

technology at the period when the capital goods were produced and invested. It 

implies that technical progress embodied in the capital goods at the past period would 

have an impact on the present production efficiency. Although it is measured as not 

TFP growth but capital contribution in ordinary growth accounting framework, it 

might be interesting to decompose the capital contribution in the ordinary measure 

into the effect of the past technical progress in the accumulated capital goods in order 

to identify the dynamic linkages of the technical progress in the commodity production. 

It could be referred as "Dynamic Spillover" of productivity. 

 These approaches to the static and dynamic measures of the spillover effect provide 

us the extended concepts of the measurement of TFP. Our idea will be condensed into 

two concepts of "Static Unit TFP" and "Dynamic Unit TFP". Our concept of the 

measurement of TFP is an extension of the concept of the TFP measures by the 

specific activity, from the viewpoints of the spillover effect of the characteristics of 

technical progress as a production system. 

 Our accounting framework for measuring the spillover effects of the technical 

progress through the static and dynamic production linkages is based upon "Unit 

Structure" approach proposed by Ozaki (1980) and "Dynamic Inverse" approach 

proposed by Leontief (1972). In section 3, we introduce our estimated results of 
"Dynamic Inverse" in Japan after the short explanation for two approaches . 

 In the framework of input-output analysis, structure of the economy is depicted by 

the static and dynamic interdependency of the commodity productions, in which the 

technologies are characterized by intermediate input coefficients as well as labor and 

capital coefficients. Especially, in Dynamic Inverse approach, capital coefficients are 

related to the capital stock matrices. We tried to estimate capital stock matrices in 

Japan during the period 1955-92 annually. It represents that there have been 

observed the clear structural changes in the period, which were presumably reflected 

by the technical progress. In the next section, we will give some findings of the 

structural change by estimated capital stock matrices after we try to summarize our 

concept of technology and our database for the measurement. 

 We will propose the methodological formulations of "Static Unit TFP" and "Dynamic 

Unit TFP" in section 4. These formulations are based upon the accounting balance in 

the static and dynamic production linkages, proposed in section 3. In section 5, we will 

decompose empirically the sources of the Japanese economic growth by using our 

proposed concept of indices of the changes of the production efficiency. It is important 

to emphasize that recent TFP growth as technological change in the production
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linkage has been contributing to the economic growth statically and dynamically. 

Finally we try to summarize the implication of our analytical framework from the 

viewpoint of the structural change as a concluding remark.

2.Technology and Its Measurement 

2.1 Technology and Capital Accumulation 

 In order to evaluate quantitatively the characteristics of the technical progress from 

the viewpoint of the static and dynamic production linkages, we would like to clarify 

our concept of technical progress in this paper. Rate of technical progress in an 

activity for a specific commodity is defined as a difference between the growth rate of 

gross output and the growth rate of input which is measured by the weighted average 

of the growth rate of various inputs including intermediate, labor and capital inputs. 

The measure is referred to the growth rate of Total Factor Productivity (TFP). In other 

words, the growth rate of TFP is defined as a weighted average of the growth rates of 

partial productivities of various inputs, where the weights are measured by the cost 

share of inputs. 

 Here, the growth rate of TFP represents the change of the production efficiency in 

an activity for a specific commodity production as a technology. It should be 

emphasized that the measurement of TFP growth rate completely depends upon the 

measurements of the growth rates of gross output and various inputs by definition. It 

means that if and only if we could measure the growth rates of output and inputs 

exactly, the measurement of the growth rate of TFP is meaningful as a measure of the 

production efficiency in an activity. Precisely speaking, it is our starting point for 

evaluating the properties of the technology in each activity that the gross output and 

inputs including intermediate, labor and capital have to be measured by the 

homogenous unit in their quality.2 In other words, if there have changes in quality of 

output and inputs, the changes of the quality have to be adjusted in the measurement 

of each output and input indices. Then the impact of the quality changes in "inputs" 

might be removed in the measurement of TFP as residuals, while the impact of the 

quality changes in "outputs" might be absorbed. 

 We often use the expression like "capital embodied technology" in the production. It 

vaguely implies that the technical progress is promoted by the quality change of

2 We have to note that there are two possibilities to identify the quality change in the measurement 

of output and input One is the quality change occurred in the well-defined homogenous commodity 

by the technical progress and the other is defined by the changes of compositions of disaggregated 

items in certain compound commodity. The former is a really quality change in the narrow concept, 

while the latter is observed in the measurement at certain aggregated level even if there are no
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capital input. However, in our sense, although the technical progress might be 

measured in an activity that capital goods with quality improvement by the embodied 

technology are produced as output, it might not be measured in the production 

activity that the capital goods with quality improvement are used in the production 

process as input.3 Although the technical progress embodied in the production process 

of the capital goods might not have any direct improvement in the efficiency of the 

activities in which the assets are used as capital stock, it should be important to take 

accounts of the dynamic impacts through the capital accumulation. In other words, it 

implies that it is highly important to measure the "capital input" consistently with the 

theoretical concept, in order to observe the dynamic relationships between technology 

and capital accumulation. 

2.2 Measurements of Output and Inputs 

 As we pointed out, the measurement of the growth rate of TFP in an activity for a 

specific commodity production completely depends upon the measurements of output 

and inputs. We have to prepare for the measuring framework, in which the measures 

of output and inputs satisfy the required conditions for the measurements as possible 

as we can. 

 Our framework of the database is based upon the time-series input-output tables of 

43 sectors, as shown in Table 1, during the period 1960-92, which are consistent with 

official basic tables in every five years in Japan. Furthermore, we tried to estimate 

labor and capital inputs consistently with the 43 sector's input-output table. Labor 

input consists of man, hour and wage per hour, each of which is cross classified into 

the categories of industry (43), sex (2), age (11), employment status of workers (3) and 

education (4).4 

 Especially as capital inputs, in order to describe the properties of the dynamic 

structural changes, we tried to estimate the time-series capital stock matrices during 

the period 1955-92. Our estimated capital flow and stock matrices are divided into 

private and government owned enterprises classified by industry and social overhead 

capital unclassified by industry. Both private and government enterprises are 

classified by 43 sectors in column. On the other hand, fixed capital formation matrix 

are classified by 78 types of capital goods in row as types of capital assets, which

quality changes in the narrow sense. 
s In the case which there are certain improvement of the efficiency of intermediate inputs by using 

capital goods with new technology, we might measure the improvement of TFP. 
4 Number of workers includes self-employed and unpaid family workers as well as employees, in 

which the total numbers of workers are consistent with the numbers in Census. Also, labor 
compensation in input-output table is adjusted consistently with the definition of workers.
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correspond to the commodity classification in the official basic input-output table.5 

Please refer to Kuroda et al. (1997) for the detail description of the database 

concerning input-output tables and related KLEM. 

                    (Table 1: Industry Classification) 

2.3 Trends of Capital Stock 

 Let us summarize the findings in the trends of the capital stock in Japan during the 

period 1955-92. According to results of average annual rates of growth in capital stock 

by industry during the period 1955-92, annual growth rates of capital stock since 1960 

were significantly higher than those of labor input by sector in the same periods. In 

particular, during the period 1960-65, 28 sectors out of 43 sectors accomplished high 

growth of capital stock at more than 10% annually. These trends continued during the 

next decade until 1975. After the oil crisis almost all industries (except 33.electricity, 

34.gas, 41.medical and 42.other services) experienced a dramatic slowing down of 

growth in terms of capital stock. During the period, 1975-80 growth rates of capital 

stock deteriorated by less than half of the growth rate in the previous periods by 

sectors. It is one of the interesting characteristics of the economy after 1985 that the 

capital formations in the specific industries such as 22.electrical machinery, 

25.precision machinery and 32.communications increased rapidly after 1985. 

 Capital stock matrices at 1985 constant prices consist of 43 industries in column, 

and 43 commodities in row corresponding to input-output table. Commodities as 

capital goods are classified into 12 types of asset 1.animal and plants, 2.building & 

construction, 3.apparel (e.g. fish net), 4.woods products, 5.furniture, 6.metal products, 

7.general machinery, 8.electric machinery, 9.motor vehicle, 10.other transportation 

equipment (e.g. ship, train, plain and so on), 11.precision instruments, and 

12.miscellaneous products. 

 Capital coefficients are defined by the ratio of capital stock of asset type by sector to 

gross output. We can recognize structural changes from trends of capital coefficients 

by industry. The volume of coefficients designates the degree of capital intensity in 

industry, and the trend or change of coefficients during the periods represents the 

patterns of the structural changes, in terms of capital intensity, or capital productivity. 

Let us begin to investigate the changes of capital coefficients preliminary. Figure 1 

represents change of capital coefficients at the aggregate level and five specific sectors

s Our measurement of capital stock includes tangible assets as productive capital stock , inventory 
assets and land assets. For the measurement at the constant price, we try to take account of quality 
adjustment in capital goods. The series of capital stock for tangible assets is estimated by the double 
benchmark years method based upon the 1955 and 1970 National Wealth Survey, where 
age-efficiency profile is estimated from the observations from statistics in the markets like used car,

6



during the period 1960-92, where height of the poll in figure stands for the level of 

capital coefficient and each poll represents the decomposition by the asset types 

classified into 12 categories. We can observe that capital coefficients at the aggregate 

level, which is defined by the ratio of capital stock to real value added, increased from 

1.4 in 1960 to 2.5 in 1992 and, moreover, compositions of general machinery and 

electrical machinery among assets have gradually increased, instead of building & 

construction. 

      (Figure 1: Trends of Capital Coefficients-Aggregated level and by Industry) 

 Next, we should focus on observations at the industry level. We can detect certain 

typical changes of coefficients by industries 1.agriculture, forestry and fishery, 

21.general machinery, 22.electric machinery, 23.motor vehicle, and 27.road 

transportation. Capital coefficients in 1.agriculture increased rapidly from 0.3 in 1960 

to 3.0 in 1992 in terms of the sum of coefficients, which suggests that capital 

productivity has been declining historically. Growth rates slightly decreased during 

the first half of the 1980s, but recovered during the last half of the 1980s. Although 

the capital asset share of general machinery in agriculture has been increasing 

rapidly, more than 70% of assets are shared by construction. In 21.general machinery, 

the level of capital coefficients in total capital stock shifted after the oil shock from 0.1 

to 0.2, where decreases of capital coefficients for building & construction instead of 

increases of those in electric machinery after 1975 are increasing rapidly. Trend of 

capital coefficient in 22.electric machinery is an exceptional example where the capital 

coefficients showed a decreasing trend from the beginning of the 1960s. This means 

that in the electric machinery sector capital productivity increased rapidly. After 1975, 

capital coefficients for building & construction as asset in 22.electric machinery sector 

were decreasing gradually, while those of electric machinery as asset were increasing 

rapidly. Capital coefficients of 23.motor vehicle were relatively stable, although after 

1975 they indicate a gradually declining trend. While trend of capital coefficient in 

23.motor vehicle were stable, the composition of capital coefficient by asset has been 

changed remarkably, where coefficient of building & construction has been decreasing 

and coefficients of general machinery and electric machinery increased rapidly in the 

recent years. Finally, capital coefficient in 27.road transportation represents rapid 

upper trend historically with increasing share of motor vehicle as asset. 

  In the economy, changes of capital coefficients might have presumably impacts on 

the changes of input coefficients in intermediate and labor inputs as a system of the 

economy, and, finally, the production efficiency in terms of TFP growth measure. In

rental housing and so on.
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order to describe the spillover effect of TFP through the capital accumulation, we will 

formulate the interdependency among sectors by input-output framework in the next 

section. 

3. Static and Dynamic Unit Structure 

3.1 Static Unit Structure 

 Let us begin with the definition of "Unit Structure". In the static input-output 

framework, the system of production can be described in terms of input coefficient 

matrix, column vector of final demand yt , output x, , value added vt and unit 

column vector i, as follows: 

                        Ax t +y t = xt, i'vt = fti 

If At is a non-singular matrix, we obtain the following equation system, 

                         x~ _ (I - At) yt = Ltyt 

where I is the identity matrix. We will call the following equation the "Static Unit 

System" of the kh commodity. 

                      AtLti + yr =L, iv t = yt i 1 

where Lt represents the kh column vector of Leontief inverse matrix Lt , yt 

stands for the final demand vector with unity as kh element and zero as other 

elements and yr is a vector of the induced value added. Here, we attached the suffix 

"*" for coefficients and variables related to the k
h commodity. In the system of the 

equation (1), the following matrix, 

                                 Ut = u=>,t = AL t 2 

is referred to as the "Static Unit Structure" or "Unit Structure" peculiar to the 

kh commodity. Static Unit Structure means the required intermediate inputs matrix 

in order to produce one unit of final demand of the kh commodity directly and 

indirectly. It can be interpreted as an expression of a self-sufficient production module 

for the production of one unit of certain "commodity". It would be characterized by the 

properties of static linkages among activities for the kth commodity production. The 

form of the Unit Structure of the specific commodity as a module shows a strong 

similarity in the time-series comparison of input-output tables (see e.g. Ozaki, 1980), 

though the inputs values would change because of the substitution by the change of
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the relative prices, the scale economy, technological change and so on. It means that 

we can observe stably the characteristics of the static linkage among activities for one 

specific commodity by the Static Unit Structure. The technological system of one 

whole economy could be described by the compound system of the "Unit Structure" of 

the various commodities. We can also define the vectors of labor and capital inputs 

corresponding to the unit structure, which represent the direct and indirect input 

requirements of labor and capital by sectors in the production of the final demand yt . 

3.2 Dynamic Inverse and Dynamic Unit Structure 

 Above concept of "Static Unit Structure" corresponds to a measure of the production 

system as a module in the specific time period t . In the production of the 

kth commodity at year t , capital stock in the production has been already 

accumulated in the past period as results of the investment in every sector. When we 

focus on the historical perspective of the capital accumulation, we can define another 

concept of "Dynamic Unit Structure" in order to evaluate the production linkage of the 

kth commodity production at the year t as results of a dynamic process including the 

capital accumulation. Leontief (1972) proposed an idea of "Dynamic Inverse" in order 

to evaluate the dynamic property of the technology in the commodity production. Here 

we should begin with the explanation of Dynamic Inverse corresponding to our 

accounting framework. Assuming the following commodity balance equations. 

                  Ax t + IPi + IGi + ct =x t (3) 

where I P is the capital formation matrix of private and government enterprises, I 

the infrastructure formation matrix and ct the other final demand. We assume that 

I P is defined by perpetual inventory method using a column vector of constant 

replacement rate S P and capital stock matrix S P , 

            11' =SP, -(I-8")S' =BP1xt+1 -(I S")B+1xt (4) 

And the infrastructure formation matrix is defined similarly, 

           IG =SG1F-(I-SG)SGF=BG1xt+1 -(I-SG)BGxt (5) 

where the scale of SG is the n(commodity) x m(infrastructure) matrix and the
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converter matrix from one infrastructure to one industry is defined by F (m x n).6 We 

assume that some infrastructure services are imputed by only one particular industry 

and that some more general infrastructure (e.g. park, sewage and so on), are ignored 

and treated as the other final demand ct. Substituting (4) and (5) into (3), we can 

obtain the following equation using capital coefficient B P and B, 

                     (I - Gt )xt - Bt+ixt+1 ct (6) 

where 

               Gt =At -(I-SP)BP -(I-SG)BG (7) 

               Bt = BP + BG (8) 

These equations are called "Dynamic Inverse" approach expressed by linear difference 

equations (6), (7) and (8). We should note in particular that the stability of capital 

coefficients is not assumed here. Capital coefficients might be variable, as we could 

observe in section 2. When we could look back on the past from the present base year 

t, commodity balance equations in the past different years are also written as follows, 

                    x = (I - D)-1 c = Mc (9) 

where 

                     Gt -T Bt-T xt-T ct-T 

              D = Gt _2 Bt-2 ,x= xt_2 ,c= ct_2 

                                             G t-1 Bt-1 xt-1 ct-~ 

                                        Gt xt ct 

where Gt is At . Assuming that elements in final demand are given exogenously, 

equations (9) give us a series of production which are need to satisfy with the given 

level of the final demand, directly and indirectly in the static and dynamic process. 

The required series of production formulated in equations (9) is consistent with the 

required demands for the direct and indirect transactions in the static and dynamic 

linkages, where the capital stock must have been produced in the previous year or the 

more past. Furthermore, we should say that the system formulated in equations (9) is

s General road and highway are classified in the sector
, 28.road transportation and harbor and 

airport are classified in the sectors, 29.water transportation and 30.air transportation respectively. 

Infrastructure for conservation of national land in forestry, mountain, river, erosion and seashore is 

classified in the sector, 1.agriculture, while land improvement is classified in the sector, 38.real 

estate. 
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satisfied with the technological conditions of supply sides identified with capital 

coefficients. The long continuative production chain can make it possible that the 

present consumption could be realized. We can call the following equation the 
"Dynamic Unit System" of the k

th commodity. 

                     DM*i + c* =M* (10) 

where M * represents the (T x n + k) th column vector of M. c* stands for the final 

demand vector with unity as kth element and zero as other elements in the base year 

t, and ct_z (z =1, ... , T) = 0. In the dynamic system of the equation (10), the following 

matrix, 

                                                    * * * 

                       U~D) = uilt(D) --PM (11) 

is referred to as the "Dynamic Unit Structure", which corresponds to the concept of 
"Static Unit Structure" , as mentioned above. 

3.3 Dynamic Unit Structure 

 By using our estimated time-series intermediate input coefficient matrices and 

time-series capital coefficient matrices during 1960-92 in Japan, we can describe 

Dynamic Unit Structure expressed in the equations (11). Table 2 and Table 3 

represent Dynamic Unit Structures of motor vehicle in the base years 1980 and 1992, 

where the volume of consumption of motor vehicle in both years are given by 1 million 

yen at 1985 constant price respectively. Each table is composed by a set of sub-tables, 
which describe the linkage of dynamic spillover effects year by year backwardly from 

the base year. A sub-table of a set represents the linkage among sectors within the 

certain period of the dynamic linkage. In each sub-table column "x" represents a 

vector of gross output by sector as results of the direct and indirect spillover, while 

column "c" stands for a given vector of 100 million yen of motor vehicle demand at the 

base year. Columns "Ip" and "Ig" in sub-tables represent vectors of required 

investment in private and government sectors. Other parts of sub-tables stand for the 

linkage of intermediate transaction in each stage of the dynamic spillover. 

 Top sub-table in Table 2 and Table 3 corresponds to the Static Unit Structure 

formulated in equation (2). According to our results, the volume of the production of 

electric machinery required as intermediate input becomes bigger from 8 in the 1980 

Unit Structure to 18 in the 1992 Unit Structure. On the other hand, the volume of the 

production of general machinery and iron & steel required as intermediate inputs 
decreases from 1980 to 1992 in the static Unit Structure. It implies that the impact of
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the efficiency change in electric machinery on the production of motor vehicle has 

been gradually increasing, while that in general machinery and iron & steel has been 

diminishing. 

 The story of the dynamic linkage is slightly different from the static one. Required 

investment of general machinery as well as electric machinery in the past have been 

increasing from 1980 to 1992, as we can see the series of sub-tables in the past years 

in Table 2 and 3. Also, it is consistent with the trend of capital coefficients in the 

sector, 23.motor vehicle in Figure 1. It implies that the spillover effect of the changes 

of efficiency in general machinery and electric machinery has been increasing in the 

production of motor vehicle through the investment of the required capital goods. The 

spillover effects of the dynamic linkage through the required investment are gradually 

diminishing in the past and can be ignored around 10 years ago. 

      (Table 2: Dynamic Unit Structure for Motor Vehicle (Base Year=1980)) 

      (Table 3: Dynamic Unit Structure for Motor Vehicle (Base Year=1992)) 

 In Figure 2 we can show the results of the dynamic spillover effect in gross output 

by sectors in the past, where the impacts are estimated as the backward effects from 

the 100 million final demand of motor vehicle (at the 1985 constant price) in the base 

year. According to the results, the term of the spillover effect in the dynamic linkage of 

the production has been gradually longer in 1992 in comparison with the effect in 

1970. However, it is interesting that in the intermediate energy input such as 

petroleum the spillover effect in the production on motor vehicle has been diminishing 

recently. It might be understood that the increase of energy efficiency in the 

production such as energy conservation and substitution contributes to save the 

energy input like petroleum. It should be noted that the spillover effect of electric 

machinery is increasing as a transaction of intermediate inputs as well as a required 

investment goods. On the other hand, that of general machinery is declining as a 

transaction of intermediate goods, while that is increasing as an impact of required 

investment goods. 

              (Figure 2: Output Requirement for Motor Vehicle)

4 Unit TFP and Dynamic Unit TFP 

4.1 TFP and Unit TFP 

 Let us propose the methodological framework of "Static Unit TFP" and "Dynamic 

Unit TFP". In order to construct the formulations, we should begin with the growth 

rate of sectoral TFP and the aggregate measure of sectoral TFP. If production function 

is assumed to be constant return to scale, the rate of TFP growth in j -sector can be
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formulated under the assumption of perfect competition as follows 

     T[LJ =[.'J - sx - sL L' - sx Kk' (12)         T Z ~ J,t X 1. ~ IJ,t Ll. ~ k>,f Kk. 
                r > r > t ~ t > r 

where Z; represents real output, and XI; , L1; and Kk; stand for intermediate 

inputs, labor input. The nominal income shares of each input, say sX , s~ and s , 

sum to unity. By using input-output framework of the economy, we can obtain the 

following relationship as a definition of the growth rate of TFP in an aggregated 

measure 

If) _ p>,tZ1T); 
  T - p'v t r) . 

      t >t 

      p~,t f t []J _ PIL,tLU,t [L~ L_ pk Kk;,t K k[LJ (13) 
          Pt V. f t > pt Vt L j r k pt . Kk.                                                   > t J t 

where pIL t ,and p, t represent the price of output, labor and capital service 

input respectively, and pt Vt stands for the aggregated nominal value added. The 

first equation in (13) represents the aggregate growth rate of TFP measured by the 

weighted average of the rate of sectoral TFP growth, in which the weight is defined by 

the proportion of the nominal gross output of j -sector to the total nominal value 

added. The sum of the weight among sectors is necessarily more than unity. It is 

important that the aggregated growth rate of TFP necessarily differs from the simple 

average of the rate of sectoral TFP. 

 The second equation in equation (13) indicates that the measure of growth rate of 

TFP at the aggregate level is simultaneously explained as a difference between the 

aggregate measure of the growth rate of final demand and that of factor inputs 

decomposed into labor and capital. The aggregate measure of the growth rate of final 

demand is defined by a Divisia growth rate index of final demand components 

weighted by nominal shares of each component in the nominal GDE. 

 In order to clarify the meanings of the aggregate measure from viewpoints of the 

spillover effect of productivity changes, we should connect a concept of "Unit 

Structure" in section 3.1 with TFP. As we mentioned before, Unit Structure for a 

specific commodity represents a linkage among the direct and indirect input
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requirements in terms of intermediate inputs, labor and capital inputs which are 

needed to supply one unit of a specific commodity as final demand. 

 An aggregate measure of the production efficiency in the framework of Unit 

Structure for a specific commodity can be defined as follows 

    T U __ pi,tZi,t T;   T ~ pVVt* T. 
        f > >t 

    =P:[ * * * *              ~,t f f * pi,tLli,t Lli p,tKk~,t K (14) 

         p vVf * - ~ J ~ pr V,* Ll - ~ k pt Vt* KkJ               i t t t t , d , t 

where pr V,* stands for aggregate nominal value-added defined by the sum of sectoral 

labor and capital compensations in an Unit Structure of a specific commodity. We 

should note by definition that the aggregate nominal value added is equal to the 

nominal value of given final demand of the commodity. If we try to focus on an Unit 

Structure of a specific i -commodity, the first term of the last equation in (14) could be 

* rewritten by [1/1J It is because that all of other components except 
        f r 

i -commodity in the final demand vector are zero and p ' V * should be equal to 

pi,tf ,t 7 This measure designates the total production efficiency of a specific 

commodity, where the production efficiency is evaluated as a measure of the total 

factor productivity in terms of not a specific activity, but a specific commodity as final 

demand. The measure is defined by an aggregate measure of the production efficiency 

in all of directly and indirectly induced activities, which are needed to supply a 

specific commodity as final demand. Here, we should take a note that growth rate of 

each sectoral TFP in (14) is defined the same as that in (12) in each activity. 

  This aggregate measure in (14) has to be distinguished from the growth rate of TFP 

at the aggregate level in (13), though both formulations seem to be the same. As we 

mentioned above, the measure defined in (14) corresponds to an aggregate measure of 

production efficiency in terms of the Unit Structure of a specific commodity, where the 

Unit Structure represents the direct and indirect linkage of intermediate and factor

7 If we try to give the same amount of final demand in the base period and the reference period in 

comparison in (14), the first term of the right-hand side of the last equation becomes to be zero. It 
implies that the growth rate of "total" factor productivity in the case is defined by the weighted 
average of the growth rates of "partial" productivities of inputs.
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input transactions which are needed to supply an unit of a specific commodity as final 

demand. The Unit Structure represents a set of activities as a module, which is 

required to supply one unit of commodity as final demand. As we expressed in the 

previous section, we designates all of the related variables to Unit Structure for a 

u specific commodity with the suffix "*". We will refer to this measure t (4), as a 
"Static Unit TFP" on a specific commodity based on its Unit Structure

, or "Unit TFP" 

simply. 

 In the framework of Unit TFP, we can extend the concept as a measure of the 

production efficiency for any final demand vectors corresponding to the composition of 

final demand such as consumption, fixed capital formation, exports and so on. The 

measure designates a TFP growth rate of the compound commodities, which are 

directly and indirectly needed to supply a set of commodities as a vector of final 

demand. The measure of Unit TFP corresponding to a specific final demand "vector" 

could be defined also in (14). Especially we can refer to this measure as a "Compound 

Unit TFP". 

 In particular, if we give total final demand vector as corresponding to GDE, the 

definition of the aggregate measure (14) is back to the definition of the growth rate of 

TFP defined in (13). It implies that the TFP growth rate as an aggregate measure 

corresponds to the growth rate of the production efficiency, which is defined by the 

compound Unit TFP for GDE components as final demand. 

4.2 Dynamic Unit TFP 

 The above concept of "Unit Structure" and "Static Unit TFP" aims to measure the 

production efficiency change for a specific commodity only in the specific time period 

t. We should say that the production at the period t is restricted by the technology 

that is embodied in the capital stock at the beginning of the period. Capital stock in 

the production at the beginning of the period is composed by the accumulated capital 

goods over the past periods as results of investment. The capital formation in each 

time period of the past was characterized by the technological properties at that time. 

Focusing on the historical perspective of the capital accumulation, we can define a 

dynamic concept of the spillover effect of productivity change. We try to formulate a 

dynamic measure of the growth rate of TFP embodied in the dynamic production 

process in order to realize one unit of a specific commodity as final demand. For 

simplicity to formulate "Dynamic Unit TFP", we try to define the growth rate of 

Divisia aggregate inputs for capital and labor services as follows

15



     K = 

        

t hk ,`Kk;,` [Kk.iJ L t = t (15) 

         K ; k pt Kt Kk; 
t L ; t pr Lr LIJ 

 We assume a proportional relationship at the aggregate level between quantity of 

capital service Kt at the year t and capital stock S, at the beginning of the year t, 

where aggregate capital stock at the beginning of the period is related to the stock and 

investment at the previous period in the perpetual inventory formulation similar to 

the equations (4) and (5). Differentiating it logarithmically with respect to the time t, 

we can obtain the following relationship; 

          1K = i S 1'= (1 _ S) SL S + I t-~ I (16) 
              K t S t St S)1 St I t-~ 

where 8 stands for the rate of replacement defined at the aggregated level of capital. 

 Now, let us discuss the dynamic formulation of the production process in which one 

unit of a specific commodity will be supplied at the period t. We should consider that 

the production for one unit of a specific commodity not only has a linkage among 

intermediate inputs and labor input at the period, but also has a dynamic linkage 

through the accumulation process of the capital stock. In order to clarify the 

relationship, let us turn to the discussion for the formulation of Unit TFP again. We 

can define the growth rate of Compound Unit TFP in the previous year t -1 as (14) 

as follows 

  T U p;,t-iZ;,t-~ T      ` J 
  T t-t J pt-1 Vt-i                          TJ t-1 

                              L * L* x K * K     pr___ ,_ f -- pr;,t-iLr;,t-i rJ _ [iJ (17) 
      pr '- ~ J t-1 J t p_1 Vt-i L> t-i J k m 1 Vt-, KkJ t-i 

 When we consider the dynamic production process needed to satisfy one unit of a 

specific commodity as final demand at the period t, f r , real volume of the final 

demand at the year t -1 in (17) should be equal to real capital formation at the year 

t -1 enough to satisfy the capital service demand at the year t and year t -1. Then 

we assume here the following equation 

           1I. -s= 1L- (18) 
                       I t-i l pt-lVt-l f t-, 

 It implies that aggregate growth rate of investment at the previous period to be
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required to satisfy one unit supply of a specific commodity at the period t is assumed 

to be equal to the Divisia aggregate growth rate of each capital goods which composed 

the aggregate investment. We should note that the sum of weights in (18) is equal to 

unity. Rewriting the third term of the last formulation in equation (14) by substituting 

equations (15), (16), (17) and (18), we can obtain the following formulation. It implies 

that the growth rate of the capital service input needed to supply one unit of a specific 

commodity as final demand at the period t is able to decompose into the dynamic 

process of the capital accumulation in the past. 

        K * 

~~ pkJ tKkf>t KkJ j k P1 i i Kkj t 
       * * ~, * U L * 1.* K * K s _ ptJ{Kt (1- s) St-~ _ + c ?' + pt-"t-' _ + pt-~ Kt-1 

 Pi Vt* St S* St T)1 pt 1Vt*, L* pr 1Vt*, K* 
                                             t-1 t-1 t-1 

     K * * U K * * L * * 

_ pt Kt It-iT
t+ pt Kt 14 pt-~Lt-~ L  Pt Vt St T -~ pt V St pt-1V1-1 L t-~ 

                                                         * * * * * 

                   + p VKt (1 _ S) St-~ + It-~ p vlKt-~ `S (19) 
                                                            * * * * * 

                          pt Vt St St S t-~ 

 The right-hand side of the second equal sign designates that the growth rate of 

capital service input at the period t is able to decompose into the contribution of 

three parts. The first term represents the Compound Unit TFP growth, which is 

required to satisfy the investment demand at the previous period, t -1. The second 

implies the contribution of labor service input in the production of the investment 

goods at the period t -1. The third term represents the contribution of capital service 

input at the period t -1, which is able to decompose into the contribution of the 

capital accumulation in the past again. If we can assume the equations (16), (17) and 

(18) in the previous period, respectively, we can deduce the following equation as for 

the third item of the second equation in (19):
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p V Kr (1 - s) St-1 + I t-1 p v1 Kt-1 S 
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                  L*     vV* t-2 S*   pt r t-1 T)2 pt vVt* t-2 St* -1 ptv 2V2 -2 

              p v Kt (                           + 2 - s) 5t2 + I t-2 Pt-2't-2 1?[ 
                        pt Vt                                                L 'St-1 'St-1 pt-2 Vt-2 `S t-2 

 where 
x 

                        ~* _ (1 _ S) St-1 + It-1 pt-1Kr-1 

                    r 2 - 
Sr Si v T,7 

1 We can decompose the contribution of the capital service input at the period t -1 into 

the contributions of three components at the period t - 2, similar to the equation 

(19). 

 Finally, repeating the same procedure, we can trace backward the process of 

dynamic production linkage, which is required to satisfy the unit of final demand at 

the period t. Since the capital formation invested in the year z'(2 = t -1,..., t - oo) is 

assumed to embody properties of the technology at that time, we can evaluate, 

dynamically, the impact of the growth of efficiency improvement brought about by the 

installation of new technology in the following formulation 

  T D T U x K* t-°° I* T U 
      _ + 

  T t T t pt Vt* r=t-1 r Sr+1 LT )r 

                                          L t-°° L          pr,t f ,r 1L.') * _ pr Lt 1) _ __ ~= Ir pLLr (20) 
         pr V (f *) pr Vr L pt Vt r=t-1 'Sr+1 p v Vr L                            r t Z" 

   where 

              1 (r = t -1) 

K 

           r - ;+1{1_s `Sr+1 I z+1 pz+1 Kr+1                       () + v (z = t - 2,...,-oo) 
                              5r+2 5r+2 pr+iVr+1 

 We refer to this measure (4)D T as growth rate of Dynamic Unit TFP. We can 
r deduce the measure by two ways: One is the formulation of the first equation in (20), 
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where the measure is defined as the weighted sum of the Static Unit TFP at the 

period t and the Compound Unit TFP at the past period. Here, it should be noted 

that the Compound Unit TFP includes all of the linkages of TFP through the 

production for capital goods and intermediate goods for direct and indirect 

requirement. The other is the formulation of the second equation in (20), where the 

measure is defined as the difference between the aggregate growth rate of final 

demand at the period t and all of the contributions of the growth of the labor input 

in the past. In the formulation of Dynamic Unit TFP, we can evaluate all of the 

impacts of the technical properties for the production of one unit of a specific 

commodity at the period t, through the accumulated capital as investments embodied 

all of the changes of the technology in the past.

5 Technological Change and Spillover in Japan 

5.1 Static Evaluation 

 We will begin with a decomposition of economic growth in the aggregate level. 

Figure 3 shows the average annual growth rate of real GDE and the contributions of 

labor and capital inputs and TFP as sources of the economic growth during the period 

1960-90. In Figure 3 the pole in every five-year's sub-period during 1960-90 

represents the average annual growth rate of real GDE, where the average annual 

growth rate in each sub-period is decomposed into contributions of labor and capital 

inputs and TFP respectively.8 Share of contribution is designated by the number (%) 

along each pole. During the rapid economic growth period in the 1960s, average 

annual growth rate of real GDE reached more than 10%, while the annual TFP 

growth rates were 2.1% and 4.6% during the periods 1960-65 and 1965-70 respectively. 

At that period, the contribution of TFP growth reached 22% and 40% respectively. 

 High growth rates of real GDE and TFP in the 1960s rapidly deteriorated during 

the first half of the 1970s. Average annual growth rate of TFP during the period

S Here , labor input is defined by the Divisia aggregate of the man-hour inputs, which is cross 
classified into 11,352 categories of industry (43), sex (2), age (11), employment status of workers (3) 
and education (4), while capital input is defined by the Divisia aggregate of capital service inputs, 
which is cross-classified into 516 categories of industry (43) and asset (12). We should note that in 
this paper we exclude inventory and land from the capital input in each sector. For the Divisia 
aggregate of the capital service inputs, we need to estimate the capital service prices by capital 
assets in each industrial sector. We try to measure the series of the capital service prices by 
imputation, taking accounts of the detail tax system including corporate tax, enterprise tax, property 
tax and acquisition tax with the institutions of various types of allowance and reservations. See 
Nomura (1998). 

 In our estimation of the growth rate of TFP, we try to evaluate the quality changes in each input 
as changes of the composition of various categories of inputs as detail as possible. Then estimated 
results of TFP growth is carefully evaluated by changes of input measures both in quantity and 
quality.
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1970-75 was -1.8%. It mainly came from -6.0% annual growth rate of TFP in the 

period of the first oil shock, 1973-74. However, when we focus on the growth rate 

during the period 1970-71 and 1971-72 before the oil shock, we can observe the clear 

slowdown of the TFP growth we could never observe in the 1960s. It should be noted 

that there have been already observed some sort of changes in the growth pattern of 

the Japanese economy at the beginning of the 1970s before the first oil shock. Since 

the last half of the 1970s, the real growth rate of GDE slightly recovered by 3-4% 

annually; although the level were lower than that in the 1960s. However, it should be 

noted that the TFP growth rates slightly recovered by 0.3%, 0.8% and 0.7% annually 

during the periods 1975-80, 1980-85 and 1985-90 and they contributed to the real 

GDE growth by 8%, 21% and 16% respectively. 

             (Figure 3: Decomposition of Economic Growth in Japan) 

 Concerning the contribution of capital input, results show the stable contribution of 

capital input around 50-60% during all of every five-year's sub-periods except 1970-75. 

Annual growth rate of capital input reached around 12% annually in 1960-75, while it 

decreased stably by 6% during the period 1975-90. By our framework of the dynamic 

concept mentioned in the previous section, we try to decompose this contribution of 

capital input during certain period into the contributions of labor input and TFP 

growth in the past. Before the decomposition by the dynamic concept, we would like to 

focus on our results in sectoral TFP growth and static spillover effect by Static Unit 

TFP. 

 Table 4 shows average annual growth rate of sectoral TFP. Although the trends of 

sectoral TFP growth seems to represent the same pattern as the aggregate trend 

roughly, there are sizable differences in the patterns of the sectoral trends, if we try to 

look carefully. It should be noted in particular that there were some exceptional 

sectors such as 22.electric machinery, 23.motor vehicle and 32.communication, where 

TFP grew at a stably high rate during these periods, while the TFP growth rates in 

1.agriculture, 14.coal products, 35.water supply and 42.other service were mostly 

negative. Although it is interesting to analyze the reasons why TFP growth rates were 

high in some industries and low in the other industries even if there were not so much 

differences in the patterns of the relative factor prices, we will not focus on the subject. 

In this paper, we assume that TFP growth rates in sectors were exogenously given as 

a condition of technology. And we would like to focus on the evaluation of the spillover 

effect of the exogenously given technology through static and dynamic linkages among 

sectors. 

 In order to consider the interdependency among sectors from the viewpoint of a
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static spillover of sectoral TFP, we would like to compare sectoral TFP with Static 

Unit TFP as shown in Table 4 and 5. Sectoral TFP by definition represents the 

efficiency of a specific activity in production. On the other hand, Static Unit TFP, 

which is based upon Unit Structure defined in section 3.1, indicates the total 

efficiency in a linkage of a specific commodity production, where we can evaluate the 

efficiency of direct and indirect linkages of the technology as a system of the 

commodity production. 

 When we focus on the difference between Static Unit TFP and sectoral TFP as 

shown in the column "-TFP" of Table 5, we can see the interesting characteristics of 

the spillover effect through the commodity linkage of intermediate transactions. For 

example, the growth rates of Static Unit TFP in 5.foods products and 8.woods 

products during the period 1960-75 were largely deteriorating by 1.4% and 1.6% 

rather than the growth rates of each sectoral TFP during the same period respectively. 

It is because the sectoral TFP growth rate in l.agriculture, forestry and fishery, in 

which the products in this sector were mainly supplied to the sectors 5 and 8 as 

intermediate inputs, were deteriorating by 3.3% annually during this period. The 

deterioration of the efficiency in the 8.woods products might have an impact on the 

efficiency in 9.furniture through the transaction of the intermediate input. However, 

according to results, annual Unit TFP growth in the sector 9 during the period 

1960-75 was higher by 1.0% than the growth rate of sectoral TFP in the sector 9. It is 

because the production efficiency of other main intermediate input like 20.metal 

products increased by 2.5% as a measure of Unit TFP and compensated the 

deterioration of the efficiency in the sector 8. It is highly interesting that in spite of 

the efficiency increase in the sectoral TFP of the sector 8, the Unit TFP of this sector 

deteriorated because of the indirect impact of the decline of the efficiency in 

intermediate inputs. As results of the deterioration in the efficiency of woods products 

as the Static Unit TFP and the improvement in the efficiency of metal products as the 

Static Unit TFP, we can observe trends of the input substitutions from woods products 

to metal products as intermediate inputs in many sectors. 

 On the other hand, we can observe the case in which the technical linkage had a 

positive spillover effect in the production efficiency. We try to focus on the linkage 

between 22.electric machinery and 23.motor vehicle. Difference of the growth rate 

between the Static Unit TFP and sectoral TFP in 23.motor vehicle shows positive 

effect of the spillover effect by 2.4% in 1960-75 and 1.9% in 1975-90. We can identify 

the specific sector in which the spillover effects were dominant. According to the 

results, 13.7% and 18.7% of total positive spillover effects in 23.motor vehicle during
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the period 1960-75 and 1975-90 were due to the impact from the efficiency 

improvement in 22.electric machinery. It is because the growth rates of Unit TFP in 

22.electric machinery during the period 1960-75 and 1975-90 reached by more than 

5% and the direct and indirect input requirement of intermediate goods from 

22.electric machinery to 23.motor vehicle was gradually increasing during these 

periods. 

 We can translate the meaning of the spillover effect in Unit TFP into the framework 

of the commodity linkage in intermediate input transactions, in which the commodity 

orders in input-output table are triangularized. The higher hierarchical commodities, 

which mean the end-use commodities, might have bigger impacts of the spillover 

effect. It is because the production of the end-use commodity requires relatively 

various commodities as intermediate inputs. On the other hand, the lower 

hierarchical commodities have the properties in which the efficiency change in the 

commodities might have serious impacts on other commodities as spillover effect, 

while the impact from the efficiency changes in other commodities might not have 

impacts seriously on the efficiency of the lower hierarchical commodity. We can see the 

typical example in the sector, 32.communication. In 32.communication there was 

small difference of the growth rate between Unit TFP and sectoral TFP, while the 

efficiency change in this sector had sizable impacts on the efficiency in the other 

various sectors. 

                        (Table 4:Sectoral TFP) 

                      (Table 5 : Static Unit TFP) 

5.2 Dynamic Evaluation 

  Let us turn to the evaluation of the results in our dynamic approach. We can 

estimate a measure of Dynamic Unit TFP defined in equation (20), in which we can 

evaluate, dynamically, the total efficiency of the production which is directly, and 

indirectly, required to supply one unit of a specific commodity as final demand at the 

base year. As we explained in the previous section, the intertemporal accounting 

balance for Dynamic Unit TFP is given by the framework of Dynamic Unit Structure 

in section 3.2. Since it could be measured that dynamic impacts of production linkages 

diminish until the almost ten years past as we could show the case of Dynamic Unit 

Structure in 23.motor vehicle in Figure 2 and Table 2-3 as an example, we can 

evaluate our measures of Dynamic Unit TFP after the period 1970 in our 

experimental period 1960-90. 

  The results are shown in Table 6. Each value in the table represents the average 

annual growth rate of Dynamic Unit TFP and the differences between Dynamic Unit
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TFP and Static Unit TFP are shown in the column expressed as "-UTFP" in the table. 

As shown in section 3.2, Dynamic Unit TFP is a measurement in which we try to 

evaluate the TFP growth embodied in the accumulated capital stock in the past. In 

the formulation, after the contribution of capital input in Static Unit TFP are 

decomposed into the contributions of labor input and TFP in the past, the part of the 

contribution of TFP in the past is added to the measurement of that of Static Unit TFP. 

Therefore, Dynamic Unit TFP would be greater than the Static Unit TFP, as shown by 

the positive sign of the column "-UTFP" in Table 6. 

 According to results in Table 6, differences between Dynamic Unit TFP and Static 

Unit TFP during the period 1975-90 represent more than 1% in the sectors, 18.iron & 

steel, 21.general machinery, 22.electric machinery, 23.motor vehicle, and 

32.communication. The growth rate of Dynamic Unit TFP of the sectors, in which the 

capital were accumulated smoothly and the capital intensity were higher, might be 

evaluated higher. Even in the sectors that the difference of the growth rate between 

Static Unit TFP and sectoral TFP were relatively smaller like 32.communication, if 

the capital intensity in the sector were high, the growth rate of Dynamic Unit TFP 

could be evaluated higher. 

 As we mentioned in section 2, the values of capital coefficients of general machinery 

and electric machinery as capital goods have rapidly increased in almost all sectors. 

Growth rates of sectoral TFP as well as Unit TFP in 21.general machinery and 

22.electric machinery recorded fairly high during the period 1960-90. As results due to 

above two reasons, growth rates of Dynamic Unit TFP have been gradually increasing 

in almost all sectors during the every five-year's sub-periods since 1975. For example, 

in the sector 23.motor vehicle, the differences of growth rates between Dynamic Unit 

TFP and Static Unit TFP represent 0.26%, 0.61% and 0.86% in each five-year's 

sub-periods, 1975-80, 1980-85 and 1985-90 respectively. In almost all sectors Dynamic 

Unit TFP has been improved by the capital accumulation. 

                     (Table 6: Dynamic Unit TFP) 

  We try to pick up several sectors in Figure 4, in order to clarify the differences of 

three indices of the productivity measurement we proposed in the paper. In Figure 4, 

each measurement of TFP is represented by the index, which is defined as the value 

in the base year, 1970 is unity. It should be noted that Dynamic Unit TFP is able to 

measure only in the periods after 1970. In the sectors, 21.general machinery, 

22.electric machinery and 23.motor vehicle, the index of Dynamic Unit TFP 

represents the highest growth rate, while the index of sectoral TFP represents the 

lowest growth rate. The level of the growth rate is the highest in 22.electric machinery.
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In the sector, 1.agriculture, forestry and fishery, all of indices have been gradually 

declining until the last half of the 1970s and stabilizing in the 1980s. Especially, the 

index of Dynamic Unit TFP in this sector turned to the upward trend after 1985.9 In 

the sectors, 28.road transportation and 32.communication, the indices of Static Unit 

TFP and sectoral TFP have been moving in the similar pattern by the specific 

properties in the commodity linkage as service, while the index of Dynamic Unit TFP 

in these sectors have been rapidly increasing after 1985. It is because the capital 

coefficients of motor vehicle as an asset in 28.road transportation and that of 

communication equipment in 32.communication have been increasing clearly and the 

Unit TFP growth rates in motor vehicle and communication equipment could be 

higher after 1985. 

                    (Figure 4~ Comparison of TFP Index) 

 We try to evaluate Dynamic Unit TFP at the aggregate level from the viewpoints of 

the decomposition of the sources of the economic growth, as we mentioned in Figure 3. 

Figure 5 represents the results of the decomposition of the contribution of capital 

input into two sources one is the contribution of the labor input in the past and the 

other is the contribution of the TFP growth in the past. Then in Figure 5, the average 

annual growth rate of real GDE during every five year's sub-periods is decomposed 

into four components of sources of growth; the contribution of labor input at the base 

year (t=0), the contribution of labor input in the past (t=-l, ,-cn), the contribution of 

TFP at the base year, and the contribution of TFP in the past. In Figure 5 the share of 

contribution of each source are represented along the pole as measures of the annual 

growth rate of GDE in each sub-period. It should be noted that by definition the sum 

of the contributions of labor input and TFP in the past is equal to the contribution of 

capital input in Figure 3.10 

         (Figure 5: Dynamic Decomposition of Economic Growth in Japan) 

 The contribution of Dynamic Unit TFP is defined by the weighted sum of the 

contribution of TFP at the base period and the contribution of all of TFP growth in the

9 It should be noted that we include the social overhead capital such as agricultural land reform , 
forestry road and fishing harbor in capital stock in 1.agriculture, forestry and fishery. Therefore, the 
trend of the decline in the capital productivity in this sector might be emphasized. 
to As we defined in equation (20) previously , one of the measures of Dynamic Unit TFP is defined as 
the weighted sum of the Unit TFP at the period t and the compound Unit TFP at the past period. 
The other is understood in the measure defined as the difference between the aggregate growth rate 
of final demand at the period t and all of the contributions of the growth of the labor input in the 
past. Here, we estimated the contribution of TFP growth in the past at first and defined the 
contribution of the labor input in the past as differences between the contribution of capital input 
and contribution of TFP growth in the past.
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past". The growth rate of the aggregate Dynamic Unit TFP during the period 1970-75 

is estimated by -0.16 % annually. However it implies that since the annual growth 

rate of TFP at the base period is negatively high by -1.81%, the contribution of TFP 

growth in the past has to be evaluated, as it was fairly high. The high contribution of 

TFP growth in the past is due to the higher speed of the capital accumulation during 

the period 1960-75 and the rapid growth of sectoral TFP during the same period. 

 Average annual growth rate of aggregate Dynamic Unit TFP was gradually 

increasing by 0.5%, 1.3% and 1.7% during every five-year's sub-periods since 1975. 

Since the growth rates of aggregate TFP in the same sub-periods recorded 0.2%, 0.5%, 

and 1.0% annually, it implies that the contributions of TFP in the past contributed by 

around 40-60% to the expansion of the Dynamic TFP growth. It can be shown in 

Figure 5 that the share of contributions of the past TFP to the growth have been 

increasing gradually by 4%, 13% and 23% in every five-year's sub-periods. On the 

other hand, the contribution of the labor input were 2.4%, 1.5% and 1.5% in every five 

year's sub-periods and the share of contribution to the economic growth has been 

declining by 52%, 40% and 34% in every five year's sub-periods. After the first oil 

shock, capital input has been accumulated stably in 5-6% annually. It means that the 

accumulation of capital stock has not been contributed to the increases of Dynamic 

Unit TFP in comparison with the contribution in the high economic growth periods in 

1960s. However, it is one of interesting characteristics in the recent capital 

accumulation that the compositions of general machinery and electric machinery in 

capital goods have been increasing rapidly and the high growth rates of sectoral TFP 

in both sectors have contributed to the increasing of the growth rate of the Dynamic 

Unit TFP in almost all sectors. In other words, we could say that the recent 

technological progress in general and electric machinery sectors as leading sectors 

could be contributed to the improvement of the production efficiency in almost all 

sectors through the dynamic process in the capital accumulation. We might conclude 

that the new technology developed in the commodities such as semiconductor and 

computer has been embodied in the capital goods and it could have an enormous 

spillover effect through the dynamic accumulation process of investment in all sectors. 

  When we try to observe the sources of the long-run economic growth during the 

period 1975-90 in Figure 3, the sources are decomposed into the contributions of

11 It should be noted that the aggregate measure of sectoral TFP growth is completely the same as 

the measure of the compound Unit TFP growth by definition, in which the compound Unit TFP is 
measured by the direct and indirect commodity linkage required by one unit of GDE vector as final 
demand. Therefore, in the aggregate measure we just focus on the aggregate TFP and Dynamic Unit 
TFP.
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capital input, labor input and TFP by 55%, 30% and 15% respectively from the 

viewpoint of the Static measure. It implies that we can insist the strong contribution 

of technical progress in the Japanese economic growth. Furthermore, when we try to 

focus on the dynamic measure in Figure 5, the contribution of TFP would be evaluated 

to increase by 28% during the period 1975-90, and 39% during the period 1985-90. The 

dynamic contribution of TFP is evaluated as almost same as that of the labor 

contribution at the base year.

6.Conclusion 

 In this paper we intended to evaluate quantitatively the characteristics of the 

technical progress from the viewpoints of the static and dynamic production linkage. 

Our analytical framework is based upon the system of the general interdependence in 

the production, which is specified by input-output framework. In the input-output 

framework, the system of the general interdependence in production is characterized 

by three structural parameters intermediate coefficients, labor coefficients and 

capital coefficients, by which the technological properties are condensed. Although one 

picture of the system of the production is characterized by a set of structural 

parameters, these structural parameters might change through various factors like 

technical progress, factor prices and so on. We refer it to "structural change". 

 As we pointed in the paper, we could have observed the structural changes in the 

system of the economy historically. Our objective in this paper aims to develop certain 

index for the evaluation of the structural changes quantitatively along with the 

measurement of technical progress. By using the theoretical framework of 

input-output analysis, we can describe the interdependence among sectors as a 

linkage in the current production system by the structural parameters, intermediate 

input coefficients, while the structural parameters, capital coefficients express the 

linkages of the present system of production to the past system through the capital 

accumulation. We tired to develop indices referred to "Static Unit TFP", by which we 

can describe the properties of technology through the static interdependency among 

sectors. On the other hand, we also tried to develop indices referred to "Dynamic Unit 

TFP", by which we can describe the properties of technology through the dynamic 

linkage among present and past productions. We used these concepts of indices to 

describe the impacts of technical progress in order to understand the static and 

dynamic characteristics of the technology in the Japanese economy. According to the 

results summarized in the aggregate level, the recent contribution of technical 

progress to the economic growth has been increasing through static interdependence
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of the technology as well as through dynamic linkages of the technology. 

 The description of the characteristics of the technical progress in the system of 

production in this paper seems to be a starting point to construct the analytical model 

to solve the mechanism of the structural changes endogenously.
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Table 1 Sector Classification
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Air Transportation 
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Electricity 
Gas Supply 
Water Supply 
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Table 4: Sectoral TFP (annual growth rate)
1960-65 65-70 70-75 75-80 80-85 85-90 1960-75 1975-90

1.Agriculture 

2.Coa1 Mining 

3.Other Mining 

4.Build.& Const. 

5.Foods 

6.Textile 

7.Apparel 

8.Woods 

9.Furniture 

l0.Paper & Pulp 

11.Publishing 

12.Chemical 

13.Petroleum 

14.Coa1 Prod. 

15.Rubber Prod. 

16.Leather Prod. 

17. Stone & Clay 

18.Iron & Steel 

19.Non-ferrous 

20.Metal Prod. 

21.Machinery 

22.Elec.Mach. 

23.Vehicle 

24.Oth.Trans.Mach. 

25.Precision Inst. 

26.Misc.Mng.Prod. 

27.Railway 

28.Road Trans. 

29.Water Trans. 

30.Air Trans. 

31.Storage 

32.Communication 

33.Electricity 

34.Gas 

35.Water 

36.Trade 

37.Finance 

38.Real Estate 

39.Education 
40.Research 

41.Medical Serv. 

42.Other Serv. 

43.Public Adm.

-1 .646 

7.286 

3.943 

-1 .253 
-0 .109 

0.829 

0.610 

1.595 

-0 .872 

2.142 
-4 .456 

2.685 

-0.816 

-0 .169 

3.266 

3.133 

2.485 

0.219 
-0 .400 

2.140 
-1 .009 

2.852 

1.131 

4.557 

2.770 

2.308 

1.982 

2.550 
-0 .598 

4.142 

1.036 

1.815 

4.441 

3.481 

-2.742 

5.505 

5.479 

5.596 

0.867 

5.950 

1.567 
-5 .744 

4.089

-3.870 

5.443 

8.522 

1.037 

0.243 

1.308 

1.453 

1.254 

1.177 

2.459 
-3 .594 

4.710 

-2.808 

2.039 

3.497 

-0.645 

1.155 

1.991 

1.039 

3.607 

3.409 

6.140 

4.487 

1.176 

4.908 

3.870 

-2.491 

4.609 

7.449 

8.275 

3.778 

2.102 

4.988 

0.763 

-2.203 

5.452 

1.466 

-0.204 

3.563 

2.653 

-0 .511 

1.401 

2.467

-4.288 

-2.583 

-3.776 

-0.602 

-0 .593 

0.677 

0.540 

1.895 

0.164 

-1.480 

-2 .278 
-1 .678 

-4.384 

-5 .034 

-3 .578 

2.813 

-2.192 

0.029 

2.945 

-1.974 

-1.709 

1.228 

1.999 

-5 .048 

0.013 

-2.388 

5.667 

-5.813 

2.025 

8.190 

-6.321 

0.427 

-3.409 

0.380 

-2.351 

-0.240 

-0 .507 
-2 .952 

0.992 

-1.360 

5.186 
-3 .932 

6.905

-2 .819 

-4.187 

5.012 

-1.966 

0.818 

1.405 

1.405 

-3.308 

1.052 

0.406 
-0 .242 

1.058 

-1.328 

-7 .746 

-0 .674 

-2.197 

0.599 

0.836 

2.205 

1.553 

3.094 

5.374 

3.184 

0.594 

6.184 

1.431

-10.538

2.302 

-2 .081 
-0 .617 

8.487 

2.342 

-1.776 

-0 .319 

-6.098 

2.262 

-0 .410 
-0 .402 

-5.010 

4.075 

-2 .068 

0.092 
-4 .968

1.010 

0.118 

-2.611 

0.164 

-0 .615 

0.873 
-0 .234 

4.354 

0.920 

1.210 

0.087 

2.305 

-0.274 

0.234 

2.897 

1.523 

0.954 

-0.441 

1.963 

0.777 

1.366 

1.752 

0.254 

1.377 

1.555 

0.663 

1.300 

-2.287 

3.905 

2.035 

0.866 

5.714 

1.539 

1.314 

0.210 

-0.448 

3.361 

0.658 

-3.558 

-1.863 

-1.134 

-0 .773 
-0 .844

-0 .416 

-2.469 

2.415 

0.741 

-1 .316 

1.415 
-0 .608 

-1.342 

0.181 

2.155 

0.637 

1.343 

5.901 

2.102 

2.896 
-0 .970 

0.924 

0.126 

0.228 

1.325 

0.337 

3.068 

0.817 

1.932 

-0 .320 

0.773 

-1.748 

-0.246 

-3 .820 

-0 .009 

-0.751 

2.173 

2.054 

2.950 

-1.129 

3.196 

1.024 

-0 .384 
-1 .481 

0.013 

-3.711 

-2 .601 

0.450

-3 .268 

3.382 

2.896 

-0.273 

-0 .153 

0.938 

0.868 

1.581 

0.156 

1.040 

-3 .443 

1.906 

-2.669 

-1 .055 

1.062 

1.767 

0.482 

0.746 

1.195 

1.258 

0.230 

3.407 

2.539 

0.228 

2.564 

1.263 

1.719 

0.449 

2.958 

6.869 

-0.502 

1.448 

2.006 

1.541 

-2.432 

3.572 

2.146 

0.813 

1.808 

2.415 

2.081 
-2 .758 

4.487

-0 .742 

-2.179 

1.605 

-0.354 

-0 .371 

1.231 

0.188 

-0.099 

0.718 

1.257 

0.161 

1.569 

1.433 

-1 .803 

1.706 

-0.548 

0.826 

0.174 

1.465 

1.218 

1.599 

3.398 

1.418 

1.301 

2.473 

0.956 

-3.662 

-0.077 

-0 .666 

0.470 

2.867 

3.410 

0.605 

1.315 

-2.339 

1.670 

1.325 

-0 .042 
-3 .350 

0.742 

-2.304 

-1 .094 
-1 .787
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Table 5: Static Unit TFP (annual growth rate)
1960-65 65-70 70-75 75-80 80-85 85-90 1960-75 -TFP 1975-90 -TFP

1 Agriculture 

2.Coal Mining 

3.Other Mining 

4.Build.& Const. 

5.Foods 

6.Textile 

7.Apparel 

8.Woods 

9.Furniture 

10.Paper & Pulp 

11.Publishing 

12.Chemical 

13.Petroleum 

14.Coal Prod. 

15.Rubber Prod. 

16.Leather Prod. 

17.Stone & Clay 

18.Iron & Steel 

19.Non-ferrous 

20.Metal Prod. 

21.Machinery 

22.Elec.Mach. 

23.Vehicle 

24.Oth.Trans.Mach. 

25.Precision Inst. 

26.Misc.Mng.Prod. 

27.Railway 

28.Road Trans. 

29.Water Trans. 

30.Air Trans. 

31.Storage 

32.Communication 

33.Electricity 

34.Gas 

35.Water 

36.Trade 

37.Finance 

38.Real Estate 

39.Education 

40.Research 

41.Medical Serv. 

42.Other Serv. 

43.Public Adm.

-1 .535 

7.975 

4.720 

0.691 

-0.448 

2.560 

2.962 

1.579 

0.983 

4.456 

-3 .217 

5.464 

-0.692 

3.930 

5.429 

7.567 

4.182 

2.123 

2.107 

3.480 

0.086 

4.963 

3.273 

6.639 

4.503 

4.645 

3.569 

3.092 
-0 .141 

5.486 

1.314 

1.949 

5.153 

4.335 
-2 .471 

6.344 

5.226 

5.724 

0.497 

5.352 

2.932 

-4.936 

4.830

-3.814 

7.060 

9.763 

4.830 

-0.563 

4.437 

5.116 

0.318 

4.028 

5.754 

-1 .401 

9.124 
-2 .462 

7.089 

7.321 

1.700 

4.728 

7.825 

7.028 

7.390 

8.260 

11.687 

10.144 

5.705 

9.043 

7.932 

-0.819 

5.963 

10.126 

10.379 

4.829 

2.559 

5.641 

1.869 
-1 .267 

6.780 

2.249 

0.384 

4.429 

3.610 

 1.873 

3.361 

3.669

-6 .018 
-4 .138 
-5 .017 

-2.509 

-4.373 

-1 .177 
-0 .790 

-1.393 

-1.542 

-4 .541 

-4 .506 
-4 .667 
-5 .151 

-9.706 

-5 .634 

2.543 
-4 .582 

-2.109 

1.620 

-3 .261 
-3 .305 

0.353 

1.334 

-7 .220 
-0 .771 

-5.019 

3.474 
-6 .544 

2.401 

6.936 

-8.252 

-0 .257 

-5 .065 
-0 .158 
-4 .292 

-1.259 

-1.598 

-3.306 

0.517 

-2.590 

3.598 

-5.692 

5.921

-3.055 

-4 .437 

5.509 

-1.295 

-0.167 

2.408 

2.683 
-4 .996 

0.652 

0.156 

-0.045 

1.765 
-1 .324

-11.388

-0.033 

-2 .655 

1.539 

0.292 

4.782 

2.133 

5.602 

8.149 

6.007 

2.036 

8.341 

2.132 

-9.996 

2.680 

-2 .944 
-0 .584 

8.415 

2.552 

-2 .280 

3.106 
-6 .679 

2.362 

-0.344 

-0.529 

-5 .054 

4.080 
-1 .669 

0.216 

-4 .905

1.558 

0.608 
-2 .142 

0.914 

0.150 

2.539 

0.943 

5.964 

2.674 

3.041 

1.177 

4.080 

-0 .072 

0.669 

4.403 

2.826 

1.236 
-0 .244 

3.759 

1.213 

2.608 

3.197 

1.372 

2.609 

2.813 

2.398 

1.818 

-2.047 

6.065 

3.117 

1.326 

5.701 

1.671 

1.120 

0.957 

0.043 

3.769 

0.870 

-3 .430 
-1 .700 
-0 .230 

-0.183 

-0 .585

-0.145 

-2 .187 

3.458 

1.412 

-1.183 

3.060 

1.016 
-1 .131 

0.686 

3.895 

1.649 

2.623 

6.464 

1.558 

4.121 

-0 .676 

1.920 

0.791 

1.291 

1.887 

1.142 

4.969 

2.415 

3.114 

0.349 

1.939 

-1.538 

0.182 

-4.395 

0.590 
-0 .942 

2.128 

2.309 

2.964 
-0 .663 

3.361 

0.837 

-0.346 

-1 .422 

0.007 
-2 .977 

-2.185 

0.556

-3.789 

3.632 

3.155 

1.004 

-1.794 

1.940 

2.429 

0.168 

1.157 

1.890 

-3.042 

3.307 
-2 .768 

0.438 

2.372 

3.937 

1.442 

2.613 

3.585 

2.536 

1.680 

5.667 

4.917 

1.708 

4.258 

2.519 

2.075 

0.837 

4.129 

7.600 

-0.703 

1.417 

1.910 

2.015 
-2 .677 

3.955 

1.959 

0.934 

1.814 

2.124 

2.801 

-2.422 

4.807

-0.52 

0.25 

0.26 

1.28 

-1.64 

1.00 

1.56 
-1 .41 

1.00 

0.85 

0.40 

1.40 

-0 .10 

1.49 

1.31 

2.17 

0.96 

1.87 

2.39 

1.28 

1.45 

2.26 

2.38 

1.48 

1.69 

1.26 

0.36 

0.39 

 1.17 

0.73 
-0 .20 

-0.03 

-0.10 

0.47 
-0 .24 

0.38 

-0.19 

0.12 

0.01 
-0 .29 

0.72 

0.34 

0.32

-0.547 

-2 .005 

2.275 

0.344 

-0.400 

2.669 

1.547 
-0 .054 

1.338 

2.364 

0.927 

2.823 

1.689 

-3.054 

2.831 

-0 .169 

1.565 

0.280 

3.278 

1.744 

3.117 

5.438 

3.265 

2.586 

3.835 

2.156 

-3.239 

0.272 

-0 .425 

1.041 

2.933 

3.460 

0.567 

2.397 
-2 .129 

1.922 

 1.421 

-0.001 

-3 .302 

0.796 
-1 .625 

-0.717 

-1 .645

0.19 

0.17 

0.67 

0.70 

-0.03 

1.44 

1.36 

0.04 

0.62 

1.11 

0.77 

1.25 

0.26 

-1.25 

1.12 

0.38 

0.74 

0.11 

1.81 

0.53 

1.52 

2.04 

1.85 

1.28 

1.36 

1.20 

0.42 

0.35 

0.24 

0.57 

0.07 

0.05 

-0.04 

1.08 

0.21 

0.25 

0.10 

0.04 

0.05 

0.05 

0.68 

0.38 

0.14
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Table 6: Dynamic Unit TFP (annual growth rate)
1970-75 -UTFP 75-80 -UTFP 80-85 -UTFP 85-90 -UTFP1975-90 -TFP -UTFP

1 Agriculture 

2.Coa1 Mining 

3.Other Mining 

4.Build.& Const. 

5.Foods 

6.Textile 

7.Apparel 

8.Woods 

9.Furniture 

l0.Paper & Pulp 

11.Publishing 

12.Chemical 

13.Petroleum 

14.Coal Prod. 

15.Rubber Prod. 

16.Leather Prod. 

17.Stone & Clay 

18.Iron & Steel 

19.Non-ferrous 

20.Meta1 Prod. 

21.Machinery 

22.Elec.Mach. 

23.Vehicle 

24.Oth.Trans.Mach. 

25.Precision Inst. 

26.Misc.Mng.Prod. 

27.Railway 

28.Road Trans. 

29.Water Trans. 

30.Air Trans. 

31.Storage 

32.Communication 

33.Electricity 

34.Gas 

35.Water 

36.Trade 

37.Finance 

38.Real Estate 

39.Education 

40.Research 

41.Medical Serv. 

42.Other Serv. 

43.Public Adm.

-4.522 

-2 .883 
-2 .759 
-0 .865 

-2.790 

0.169 

0.472 

0.040 
-0 .078 
-2 .736 

-3 .039 
-2 .760 
-3 .618 

-7.898 

-4.144 

3.934 

-2 .715 
-0 .085 

3.745 

-1.573 

-1 .565 

2.377 

3.054 

-5.462 

0.833 
-3 .332 

4.539 

-5 .779 

4.360 

9.238 

-7.074 

 1.401 

-2.567 

 1.641 

-2 .738 

0.438 

0.269 
-0 .762 

 1.088 

-1.913 

5.320 
-3 .845 

6.667

1.50 

1.26 

2.26 

1.64 

1.58 

1.35 

1.26 

1.43 

1.46 

1.80 

1.47 

1.91 

1.53 

1.81 

1.49 

1.39 

1.87 

2.02 

2.12 

1.69 

1.74 

2.02 

1.72 

1.76 

1.60 

1.69 

1.07 

0.76 

1.96 

2.30 

1.18 

1.66 

2.50 

1.80 

1.55 

1.70 

1.87 

2.54 

0.57 

0.68 

1.72 

1.85 

0.75

-3.185 

-4 .293 

5.821 

-1.126 

-0.189 

2.535 

2.785 

-5.025 

0.711 

0.422 

0.136 

1.986 
-1 .216

-11.276

0.195 

-2.559 

1.651 

0.672 

4.988 

2.277 

5.876 

8.369 

6.264 

2.200 

8.626 

2.287

-10.043

2.677 

-3 .207 

-0.796 

8.623 

2.768 

-2.070 

3.391 

-6 .614 

2.479 
-0 .180 

-0.644 

-5.039 

4.174 

-1.484 

0.465 
-4 .826

-0.13 

0.14 

0.31 

0.17 

-0.02 

0.13 

0.10 

-0.03 

0.06 

0.27 

0.18 

0.22 

0.11 

0.11 

0.23 

0.10 

0.11 

0.38 

0.21 

0.14 

0.27 

0.22 

0.26 

0.16 

0.28 

0.16 
-0 .05 

0.00 
-0 .26 
-0 .21 

0.21 

0.22 

0.21 

0.29 

0.07 

0.12 

0.16 
-0 .11 

0.01 

0.09 

0.19 

0.25 

0.08

1.994 

1.188 

-1.325 

1.430 

0.646 

2.925 

1.312 

6.402 

3.108 

3.687 

1.696 

4.687 

0.104 

1.418 

4.930 

3.256 

1.736 

0.458 

4.342 

1.652 

3.296 

3.778 

1.984 

3.117 

3.398 

2.953 

2.102 

-1.850 

6.492 

3.616 

1.919 

6.267 

2.329 

1.529 

1.403 

0.520 

4.335 

 1.704 
-3 .260 

-1.421 

0.294 

0.429 

-0 .353

0.44 

0.58 

0.82 

0.52 

0.50 

0.39 

0.37 

0.44 

0.43 

0.65 

0.52 

0.61 

0.18 

0.75 

0.53 

0.43 

0.50 

0.70 

0.58 

0.44 

0.69 

0.58 

0.61 

0.51 

0.58 

0.56 

0.28 

0.20 

0.43 

0.50 

0.59 

0.57 

0.66 

0.41 

0.45 

0.48 

0.57 

0.83 

0.17 

0.28 

0.52 

0.61 

0.23

0.865 

-1 .383 

4.500 

2.322 

-0.235 

3.641 

1.654 

-0.302 

1.571 

4.909 

2.453 

3.758 

7.147 

2.640 

5.036 

0.160 

2.854 

1.970 

2.412 

2.767 

2.191 

6.053 

3.275 

3.932 

1.233 

2.943 
-0 .726 

0.792 

-3 .444 

1.569 

0.056 

3.371 

3.898 

3.922 

0.461 

4.211 

1.883 

1.628 
-1 .073 

0.559 

-2.058 

-1.196 

0.930

1.01 

0.80 

1.04 

0.91 

0.95 

0.58 

0.64 

0.83 

0.89 

1.01 

0.80 

1.13 

0.68 

1.08 

0.91 

0.84 

0.93 

1.18 

1.12 

0.88 

1.05 

1.08 

0.86 

0.82 

0.88 

1.00 

0.81 

0.61 

0.95 

0.98 

1.00 

1.24 

1.59 

0.96 

1.12 

0.85 

1.05 

1.97 

0.35 

0.55 

0.92 

0.99 

0.37

-0.007 

-1.255 

3.374 

1.103 

0.232 

3.204 

2.073 

0.495 

1.961 

3.310 

1.662 

3.753 

2.106 

-2.119 

3.639 

0.461 

2.284 

1.394 

4.177 

2.426 

4.109 

6.333 

4.130 

3.307 

4.708 

2.965 
-2 .810 

0.604 

0.002 

1.559 

3.800 

4.395 

1.675 

3.179 

-1.413 

2.601 

2.256 

1.136 
-3 .063 

 1.229 

-0.846 

0.186 

-1 .313

0.73 

0.92 

1.77 

1.46 

0.60 

1.97 

1.89 

0.59 

1.24 

2.05 

1.50 

2.18 

0.67 
-0 .32 

1.93 

1.01 

1.46 

1.22 

2.71 

1.21 

2.51 

2.94 

2.71 

2.01 

2.24 

2.01 

0.85 

0.68 

0.67 

1.09 

0.93 

0.99 

1.07 

1.86 

0.93 

0.93 

0.93 

1.18 

0.29 

0.49 

 1.46 

1.28 

0.47

0.54 

0.75 

1.10 

0.76 

0.63 

0.53 

0.53 

0.55 

0.62 

0.95 

0.73 

0.93 

0.42 

0.94 

0.81 

0.63 

0.72 

1.11 

0.90 

0.68 

0.99 

0.89 

0.87 

0.72 

0.87 

0.81 

0.43 

0.33 

0.43 

0.52 

0.87 

0.94 

1.11 

0.78 

0.72 

0.68 

0.84 

1.14 

0.24 

0.43 

0.78 

0.90 

0.33
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