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2 Bilateral Models of Production 
for Japanese and U. S.  Industries 
Dale W. Jorgenson, Hikaru Sakuramoto, Kanji Yoshioka, 
and Masahiro Kuroda 

2.1 Introduction 

The purpose of this paper is to present bilateral models of production for 28 
Japanese and U.S. industries for the period 1960-79. We treat data on produc- 
tion for the two countries as separate sets of observations. However, we as- 
sume that these observations are generated by an econometric model with 
common parameters. This model determines the distribution of the value of 
output among capital, labor, and intermediate inputs in each country. It also 
determines rates of technical change for both countries and the difference be- 
tween the level of technology in the two countries. 

Our methodology is based on the economic theory of production. The 
underlying model of production is the same as that employed in a companion 
paper by Jorgenson and Kuroda (this volume). We utilize this model in gen- 
erating an econometric model of producer behavior for individual industries. 
Jorgenson and Kuroda employ the model to generate index numbers of pro- 
ductivity growth and differences in productivity between Japan and the United 
States. We use these indices as data, together with prices and quantities of 
output and inputs for each industry in modeling production. 

Our models of production are based on the bilateral translog model intro- 
duced by Jorgenson and Nishimizu (1978). The point of departure for these 
models is a production function for each industry, giving output as a function 
of capital, labor, and intermediate inputs, a dummy variable equal to zero for 
the United States and one for Japan, and a time trend. The dummy variable 
allows for productivity differences between the two countries, while the time 
trend permits technology in each country to change from period to period. 

Dale W. Jorgenson is a professor of economics at Harvard University. Hikaru Sakuramoto is a 
professor of economics, Faculty of Business and Commerce, Keio University. Kanji Yoshioka is 
a professor of economics, Keio Economic Observatory, Keio University. Masahiro Kuroda is a 
professor of economics, Faculty of Business and Commerce, Keio University. 
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In analyzing differences in each industry’s production patterns between the 
two countries, we combine the production function with necessary conditions 
for producer equilibrium. We express these conditions as equalities between 
shares of input in the value of output and the elasticity of output with respect 
to that input. The elasticities depend on input levels, the dummy variables for 
each country, and time. For given input intensities and given levels of tech- 
nology, we find that U.S. industries have higher rates of labor remuneration 
than the corresponding Japanese industries. Japanese industries have higher 
rate of remuneration for capital and intermediate inputs. Technical change is 
predominantly capital saving, labor saving, and intermediate input using in 
both countries. 

An important focus for our bilateral models of production is the difference 
between rates of technical change in Japanese and U.S. industries. For six of 
the 28 industries, we find that rates of technical change are higher in the 
United States than in Japan at given relative input intensities. Rates of techni- 
cal change are higher in Japan for the remaining 22 industries. An alternative 
and equivalent interpretation of these results can be given in terms of the dif- 
ference in technology between the two countries or the “technology gap.” The 
technology gap between Japan and the United States is increasing for 22 of 
the industries included in our study and decreasing for only six industries. For 
industries where the United States has an advantage, the gap is closing; for 
industries where Japan has an advantage, the gap is widening. 

Our industry classification is based on that of Jorgenson and Kuroda (in this 
volume). The Japanese industries are classified among 31 industries, while 
the U.S. industries are classified among 35 industries. In estimating our bilat- 
eral production model, we have consolidated the two classifications to 28 in- 
dustries. In section 2.2, we provide a theoretical framework for our bilateral 
models of production. Section 2.3 outlines the empirical results, and section 
2.4 provides a brief summary and conclusion. We present additional details 
on the constraints that must be satisfied by the parameters of our econometric 
models in order to meet the requirements imposed by the theory of production 
presented below in appendix A. The detailed empirical results are presented 
in appendix B. 

2.2 Theoretical Framework 

We treat data on production patterns for Japan and the United States as 
separate sets of observations. We assume that these observations are generated 
by an econometric model with common parameters. We describe the implica- 
tions of the theory of production in terms of a bilateral production function 
for each sector. These functions are homogeneous of degree one, nondecreas- 
ing, and concave in capital, labor, and intermediate inputs. 

In representing our bilateral models of production we employ the same no- 
tation as Jorgenson and Kuroda (in this volume). To characterize producer 
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behavior in greater detail we introduce share elasticities with respect to quan- 
tity,' defined as derivatives of the vectors of value shares (vi) with respect to 
vectors of logarithms of the inputs (In Xi): 

azlnZi - -  - 
(1) alnX, alnX,dlnX,! = Bkx, (i = 1 ,  2, . . . , I ) ,  

avi 

where lnZi(i = 1, 2, . . . , I) is the logarithm of output in the ith sector. 
For the translog production functions the share elasticities {Bix} are con- 

stant. We can also characterize these production functions as constant share 
elasticity (CSE) production functions, indicating the role of fixed parameters.* 
If a share elasticity is positive, the value share increases with the input. If a 
share elasticity is negative, the value share decreases with the input. Finally, 
if a share elasticity is zero, the value share is independent of the input. 

Continuing with a detailed characterization of producer behavior we define 
biases of technical change with respect to quantity as derivatives of the value 
shares with respect to time T:3 

Alternatively, we can define these biases as derivatives of the rates of technical 
change (v!) with respect to logarithms of the inputs. These two definitions are 
equivalent. For translog production functions the biases of technical change 
(&J are constant. 

If a bias of technical change is positive, the corresponding value share in- 
creases with technology; we say that technical change is input using. If a bias 
is negative, the value share decreases with technology and technical change is 
input saving. Finally, if a bias is zero, the value share is independent of tech- 
nology and we say that technical change is neutral. Alternatively, biases of 
technical change contain the implications of changes in inputs for the rate of 
technical change. If a bias is positive, the rate of technical change increases 
with the corresponding input. If a bias is negative, the rate of technical change 
decreases with the input. Finally, if a bias is zero, the rate is independent of 
the input. 

Similarly, we define biases of the difference in technology with respect to 
quantity as derivatives of the value shares with respect to the dummy variable 
D,4 equal to zero for the United States and one for Japan. 

(3) 
avi a21nZi 
aD alnX,dD 

- - PkD, (i = 1, 2, . . . , I ) ,  - 

Alternatively, we can define these biases as derivatives of the differences in 
technology (v;) between Japan and the United States with respect to loga- 
rithms of the inputs. These two definitions are equivalent. For the translog 
production functions the biases of differences in technology (p,) are con- 
stant. 
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If a bias of the difference in technology is positive, the corresponding value 
share increases between the United States and Japan and we say that the dif- 
ference in technology is input using. If a bias is negative, the value share 
decreases between the United States and Japan and the difference in technol- 
ogy is input saving. Finally, if a bias is zero, the value share is the same in the 
United States and Japan and we say that the difference in technology is neu- 
tral. Alternatively, the vectors of biases of differences in technology contain 
the implications of changes in inputs for the difference in technology between 
the United States and Japan. If a bias of the difference in technology is posi- 
tive, the difference in technology increases with the input. If a bias is nega- 
tive, the difference in technology decreases with the input. Finally, if a bias is 
zero, the difference in technology is independent of the input. 

Finally, we can define the biases of technical change with respect to the 
difference in technology between Japan and the United States as the deriva- 
tives of the rates of technical change ( v;) with respect to the dummy variable? 

a Y b - 2 - L -  d21nZ dvi 
dT dTdD dD 

- - - &, (i = 1, 2 ,  . . . , I ) .  (4) 

Alternatively, we can define these biases as the derivatives of the differences 
in technology (vk) with respect to technology. The two definitions are equiva- 
lent. 

For the translog production functions the biases (&) are constant. If the 
bias is positive, the difference in technology increases with technology; cor- 
respondingly, the rate of technical change increases between the United States 
and Japan. If the bias is negative, the difference in technology decreases with 
technology; correspondingly, the rate of technical change decreases between 
the United States and Japan. Finally, if the bias is zero the difference in tech- 
nology is independent of technology and the rate of technical change is the 
same for the United States and Japan. 

To complete the description of technical change we can define the acceler- 
ation of technical change as the derivative of the rate of technical change with 
respect to technology: 

d21nZ. 
I -  - &?, ( i  = 1, 2 ,  . . . , I ) .  av? - - - 

dT dT2 

If the acceleration is positive, negative, or zero, the rate of technical change 
is increasing, decreasing, or independent of the level of technology. 

Similarly, we can define the difference of the difference in technology as the 
derivative of the difference in technology between Japan and United States 
with respect to the dummy variable.6 
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If this difference is positive, negative, or zero, the difference in technology is 
increasing, decreasing, or independent, respectively, of the dummy variable. 
For the translog production functions, both the accelerations (PkT)  and the 
differences (pbD)  are constant. This completes the detailed characterization of 
producer behavior in terms of the parameters of our bilateral translog models 
of production. 

To estimate the unknown parameters of the bilateral translog production 
function we combine the first two equations for the average value shares in 
Japan and the United States, the equations for the average rates of technical 
change in the two countries, and the equation for the average difference in 
technology to obtain a complete econometric model of production. We esti- 
mate the parameters of the equations for the remaining average value shares in 
the two countries, using the restrictions on these parameters given below in 
appendix A. The complete model involves 14 unknown parameters. A total of 
16 additional parameters can be estimated as functions of these parameters, 
given the restrictions. Our estimates of the unknown parameters of the econ- 
ometric model of production is based on the nonlinear three-stage least 
squares estimator introduced by Jorgenson and Laffont (1974). 

2.3 Empirical Results 

To implement the bilateral econometric models of production developed in 
section 2.2, we employ a data base for 28 U.S. and Japanese industrial sectors 
compiled by Jorgenson, Kuroda and Nishimizu (1987). For each sector they 
have assembled data on the value shares of capital, labor, and intermediate 
inputs for both countries, annually, for the period 1960-79. They have also 
compiled quantity indices of output and all three inputs for both countries for 
the same period. Finally, they have developed translog indexes of technical 
change for both countries and a translog index of the difference in technology 
between the two countries. There are 19 observations for each country, since 
two-period averages of all data are employed. 

The parameters (a;, a;, ah) can be interpreted as average value shares of 
capital input, labor input, and intermediate input, respectively, for the corre- 
sponding industrial sector in Japan and the United States. Similarly, the pa- 
rameters (a:) are averages of rates of technical change and the parameters (ah) 
are averages of differences in technology between the two countries. The pa- 
rameters (Ph ,  &,, pkM,  p;, p,, ph,,,) can be interpreted as constant share 
elasticities with respect to quantity for the corresponding sector in Japan and 
the United States. 

Similarly, the parameters (PA, PLT, PA) are constant biases of technical 
change with respect to quantity for the corresponding sector in the two coun- 
tries, and the parameters (pi,, pL, phD) are constant biases of differences in 
technology between the two countries. Finally, the parameters (PA) are con- 
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stant accelerations of technical change in Japan and the United States, the 
parameters (p;.,) are constant biases of technical change with respect to the 
difference in technology between the two countries, and the parameters (PDD) 
are constant differences in the difference in technology. 

In estimating the parameters of our bilateral models of production, we re- 
tain the average value shares, the average rate of technical change, and the 
average difference in technology between the two countries as parameters to 
be estimated for all 28 industrial sectors. Similarly, we estimate the biases of 
technical change, the biases of differences in technology, and the biases of 
technical change with respect to the difference in technology. Finally, we esti- 
mate the accelerations of technical change and the differences in the difference 
in technology for all 28 sectors. 

Estimates of the share elasticities with respect to quantity are obtained 
under the restrictions implied by the necessary and sufficient conditions for 
concavity of the bilateral production function described in appendix A below. 
Under these restrictions the matrices of constant share elasticities must be 
nonpositive definite for all industries. To impose the concavity restrictions, 
we represent the matrices of constant share elasticities for all sectors in terms 
of their Cholesky factorizations. The necessary and sufficient conditions are 
that the diagonal elements (q, 6;) of the matrices (D') that appear in the Cho- 
lesky factorizations must be nonpositive. The estimates presented below in 
appendix B incorporate these restrictions for all 28 industries. 

Our interpretation of the parameter estimates reported in appendix B begins 
with an analysis of the estimates of the parameters (a;, a;, a ~ ,  a;., ab). The 
average value shares are nonnegative for all 28 industries included in our 
study. The estimated average rates of technical change are positive in 19 sec- 
tors and negative in 9 sectors. The estimated average differences in technology 
between the United States and Japan are positive in 17 sectors and negative in 
1 1. For given input levels, differences in technology favor Japan in 17 of the 
28 industries. The industries with positive and negative estimates of these 
parameters are listed in table 2.1. 

The estimated share elasticities with respect to quantity ( p k K ,  PKL, 
p;,, ph, ph, p,,) describe the implications of patterns of substitution 
among capital, labor, and intermediate inputs for the relative distribution of 
the value of output among these three inputs. Positive share elasticities imply 
that the value shares increase with the quantity of the corresponding input; 
negative share elasticities imply that the value shares decrease with the input; 
share elasticities equal to zero imply that the value shares are independent of 
the input. It is important to keep in mind that we have fitted these parameters 
subject to the restrictions implied by concavity of the bilateral production 
functions. These restrictions require that all share elasticities be set equal to 
zero for six of the 28 industries-construction, food processing, stone, clay, 
and glass, machinery, transportation equipment, and precision instruments. 

Our interpretation of the parameter estimates given in appendix B continues 
with the estimated elasticities of the share of each input with respect to the 



Table 2.1 Rates of Technical Change and Differences in Technology 

Rates of Technical Change Differences in Technology 

a,> 0 a7 < 0 a, > 0 a, < 0 

(1) Agriculture, Forestry & Fisheries 
(4) Food & Kindred Products 
( 5 )  Textile Mill Products 
(6) Apparel & Other Fabricated Textile 

(8) Furniture & Fixtures 
(9) Paper & Allied Products 

(10) Printing & Publishing 
(1 1) Chemical 
(13) Rubber & Miscellaneous Plastic 
(14) Leather 
(17) Fabricated Metal Products 
(1 8) Machinery 
(19) Electric Machinery 
(20) Motor Vehicles & Equipment 
(21) Transportation Equipment (except 

(22) Precision Instruments 
(24) Transportation & Communication 
(26) Wholesale & Retail Trade 
(27) Finance & Insurance 

Products 

motor) 

(2) Mining 
(3) Construction 
(7) Lumber and Wood Products 

(except furniture) 
(12) Petroleum Refinery 
(15) Stone, Clay, & Glass 
(16) Iron & Steel 
(23) Miscellaneous Manufacturing 
(25) Electric Utility, Gas Supply & 

(28) Service 
Water Supply 

(3) Construction 
(4) Food & Kindred Products 
( 5 )  Textile Mill Products 
(7) Lumber & Wood Products 
(8) Furniture & Fixtures 

(10) Printing & Publishing 
(1  1) Chemical & Allied Products 
(13) Rubber & Miscellaneous Plastic 

( 17) Faabricated Metal 
(20) Motor Vehicle & Equipment 
(21) Transportation Equipment (except 

(23) Miscellaneous Manufacturing 
(24) Transportation & Communication 
(25) Electrical Utilities, Gas Supply & 

(26) Wholesale & Retail Trade 
(27) Finance & Insurance 
(28) Service 

Products 

motor) 

Water Supply 

(1) Agriculture, Forestry & Fisheries 
(2) Mining 
(6) Apparel & Other Fabricated 

Textiles 
(9) Paper & Allied Products 

(12) Petroleum Refinery 
(14) Leather & Leather Products 
(15) Stone, Clay & Glass Products 
(16) Iron & Steel 
(18) Machinery 
(19) Electric Machinery 
(22) Precision Instruments 
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quantity of the input itself (&, &, pkM). Under the necessary and sufficient 
conditions for concavity of the bilateral production functions, these share 
elasticities are nonpositive. The share of each input is nonincreasing in the 
quantity of the input itself. This condition together with the condition that the 
sum of all the share elasticities with respect to a given input is equal to zero 
implies that only one of the elasticities of the share of each input with respect 
to the quantities of the other two inputs (Ph, piM, piM) can be negative. All 
three of these share elasticities can be nonnegative, and this condition holds 
for 17 of the 28 industries. 

The share elasticity of capital with respect to the quantity of labor (piL) is 
nonnegative for all 28 industries. By symmetry this parameter can also be 
interpreted as the share elasticity of labor with respect to the quantity of capi- 
tal. This share elasticity is positive for the 15 industries listed in table 2.2 and 
zero for the remaining 13 industries. The share elasticity of capital with re- 
spect to the quantity of intermediate input (piM) is negative for the five indus- 
tries listed in table 2.2, zero for 13 industries and positive for 10 industries. 
This parameter can also be interpreted as the share elasticity of intermediate 
input with respect to the quantity of capital. Finally, the share elasticity of 
labor with respect to the quantity of intermediate input (PA) is negative for 
,the 6 industries listed in table 2.2, zero for 6 industries, and positive for 16 
industries. This last parameter can also be interpreted as the share elasticity of 
intermediate input with respect to the quantity of labor. 

We continue the interpretation of parameter estimates given in Appendix B 
with the estimated biases of technical change with respect to the quantity of 
each input (PiKT, Pir, ph). The estimated biases describe the implications of 
technical change for the relative distribution of the value of output among 
capital, labor, and intermediate inputs. Alternatively, they give the implica- 
tions of patterns of substitution among these three inputs for the rate of tech- 
nical change. Positive biases imply that the value shares increase with the 
level of technology; negative biases imply that the value shares decrease with 
technology. If a bias is positive, we say that technical change uses the corre- 
sponding input; if a bias is negative, we say that technical change saves the 
input. Input-using change implies that the rate of technical change increases 
with the quantity of the corresponding input, while input-saving change im- 
plies that this rate decreases with the input. 

The sum of the three biases of technical change with respect to quantity is 
equal to zero, so that we can rule out the possibility that the three biases are 
either all negative or all positive. Of the six remaining logical possibilities, 
only capital-saving and intermediate input-saving and labor-using technical 
change fails to occur among the results for individual industries presented in 
table 2.3. The biases of technical change are not affected by the concavity 
restrictions on the bilateral production functions, so that all three parameters 
are fitted for each of the 28 industries included in our study. 

We first consider the bias of technical change with respect to the quantity of 
capital input. If the estimated value of this parameter is positive, technical 



Table 2.2 Share Elasticities 

Capital-Labor Capital-Intermediate Labor-Intermediate 

P K L  < P K L  = P K L  ’ PKM < PKM = PKM > P,<O PLU = 0 P,>O 

(3) Construction ( 5 )  Textile ( I )  Agriculture ( I )  Agriculture . . . (3) Construction ( I )  Agriculture (8) Furniture (3) Construction 
(4) Foods (2) Mining (13) Rubber (4) Foods (2) Mining (2) Mining (4) Foods (8) Furniture 

(5) Textiles (6) Apparel (19) Electrical ( 5 )  Textiles (6) Apparel (6) Apparel (15) Stone. Clay (9) Paper 
( I  I )  chemical (7) Lumber Machinery ( I  1 ) Chemical (7) Lumber (7) Lumber (18) Machinery (10) F’rinting 
( 14) Leather (8) Furniture (24) Transportation & (14) Leather (9) Paper (20) Motor Vehicle (21) Transportation (11) Chemical 
(15) Stone, Clay (9) Paper Communication (IS)  Stone, Clay (10) Printing (26) Trade Equipment (12) Petroleum 

(13) Rubber (16) Iron &Steel (LO) Printing (30) Other Services (16) Iron & Steel (12) Petroleum (22) Precision 
(18) Machinery ( 12) Petroleum (18) Machinery (17) Fabricated Metal Instruments (14) Leather 
(21) Transportation (13) Rubber (21) Transportation (20) Motor Vehicle (16) Iron & Steel 

Equipment ( 17) Fabricated Metal Equipment (26) Trade (17) Fabricated Metal 
(22) Recision (19) Elechic Machinery (22) Precision (19) Electric Machinery 

Instruments (20) Motor Vehicles Instruments (23) Miscellaneous 
(23) Miscellaneous (24) Transportation & (23) Miscellaneous Manufacturing 

Manufacnuing Communication ManufacNring (24) Transportation & 
(25) Utilities (26) Trade (25) Utilities Communication 
(27) Finance (30) Other Services (27) Finance (25) Utilities 

(27) Finance 
(30) Other Services 
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Table 2.3 

P, > 0 

Biases of Technical Change 

(3) Construction, ( 5 )  Textile, (26) Trade 
p,>o . . .  
PTM<0 . . . 
PTK > 0 
pTL < 0 
P T M  > 0 
P T K  ’ 

(1) Agriculture, (8) Furniture, (10) Printing 
(17) Fabricated Metal, (19) Electric Machinery, (21) Transportation Equipment 
(24) Transportation & Communication 
(6) Apparel, (7) Lumber 

p,<o . . . 
p,<o . . . 

PTK < 0 
P, > 0 
P, > 0 

(4) Foods, (9) Paper, (16) Iron & Steel 
(20) Motor Vehicles, (22) Precision Instruments, (27) Finance 
(30) Other Services 

p,<o . . .  
P T L  > 0 . . .  
p,<o . . . 
P T K  < 
P, < 0 
pTM < 0 

(2) Mining, (1 1) Chemical, (12) Petroleum 
(13) Rubber, (14) Leather, (15) Stone, Clay 
(18) Machinery, (23) Miscellaneous Manufacturing, (25) Utilities 

change is capital using. Alternatively, the rate of technical change increases 
with an increase in the quantity of capital input. If the estimated value is neg- 
ative, technical change in capital saving and the rate of technical change de- 
crease with the quantity of capital input. Technical change is capital using for 
12 of the 28 industries included in our study and capital saving for the remain- 
ing 16. 

The interpretation of biases of technical change with respect to the quanti- 
ties of labor and intermediate inputs is analogous to the interpretation of the 
bias for capital input. Technical change is labor using for 10 of the 28 indus- 
tries and laborsaving for the 18 remaining industries. Technical change is in- 
termediate input using for 23 of the 28 industries and intermediate input sav- 
ing for the remaining 5 .  We conclude that technical change is predominantly 
capital saving, laborsaving, and intermediate input using for Japanese and 
U.S. industries. 

We next consider the interpretation of the estimated biases of the difference 
in technology with respect to the quantity of each input (pkD,  &,, &,,). The 
estimated biases describe the implications of the difference in technology be- 
tween the United States and Japan for the relative distribution of the value of 
output among capital, labor, and intermediate inputs. Alternatively, they give 
the implications of patterns of substitution among these three inputs for the 
difference in technology. Positive biases imply that the value shares increase 
from the United States and Japan; negative biases imply that the value shares 
decrease from the United States to Japan. If a bias is positive, we say that the 
difference in technology between the United States and Japan uses the corre- 
sponding input; if a bias is negative, we say that technical change saves the 
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Table 2.4 Biases of the Differences in Technology 

(2) Mining, (11) Chemical, (12) Petroleum 
(25) Utilities, (27) Finance 

(3) Construction, (5) Textile, (9) Paper (15) Stone, Clay 
(16) Iron & Steel, (19) Machinery, (22) Transportation Equipment 
(27) Trade 
(1) Agriculture, (4) Foods, (14) Leather 

(8) Furniture, (24) Miscellaneous Manufacturing, (30) Other Services 
. . .  

(10) Printing, (25) Transportation & Communication 

. . .  
(6) Apparel, (7) Lumber, (13) Rubber, (17) Fabricated Metal 
(19) Electric Machinery, (20) Motor Vehicles, (22) Precision Instruments 

input. An input using difference in technology implies that the difference in 
technology increases with the quantity of the corresponding input, while 
input-saving change implies that this rate decreases with the input. 

The sum of the three biases of the difference in technology with respect to 
quantity is equal to zero, so that we can rule out the possibility that the three 
biases are either all negative or all positive. All six of the remaining logical 
possibilities occur among the results for individual industries presented in 
table 2.4. The biases of the difference in technology, like the biases of techni- 
cal change, are not affected by the concavity restrictions on the bilateral pro- 
duction functions, so that all three parameters are fitted for each of the 28 
industries included in our study. 

We first consider the bias of the difference in technology between the 
United States and Japan with respect to the quantity of capital input. If the 
estimated value of this parameter is positive, the difference in technology is 
capital using. Alternatively, the difference in technology increases with an 
increase in the quantity of capital input. If the estimated value is negative, the 
difference in technology is capital saving and the difference in technology de- 
creases with the quantity of capital input. The difference in technology is cap- 
ital using for 16 of the 28 industries included in our study and capital saving 
for the remaining 12. 

The interpretation of biases of the difference in technology with respect to 
the quantities of labor and intermediate inputs is analogous to the interpreta- 
tion of the bias for capital input. The difference in technology between the 
United States and Japan is labor using for 10 of the 28 industries and laborsav- 
ing for the 18 remaining industries. The difference in technology is interme- 
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diate input using for 18 of the 28 industries and intermediate input saving for 
the remaining 10. We conclude that, for given input prices and a given level 
of technology, production is more capital intensive and intermediate input in- 
tensive in Japanese industries and more labor intensive in U.S. industries. 

We continue with the interpretation of the estimated biases of technical 
change with respect to the difference in technology between the United States 
and Japan (p,). The estimated biases describe the implications of the differ- 
ence in technology for the rate of technical change. Alternatively, they give 
the implications of the level of technology for the difference in technology. A 
positive bias implies that the rate of technical change increases from the 
United States to Japan; a negative bias implies that the rate of technical change 
decreases from the United States to Japan. Alternatively, a positive bias im- 
plies that the difference in technology between the United States and Japan 
increases with the level of technology, while a negative bias implies that the 
difference in technology between the two countries decreases with the level. 
The rate of technical change increases from the United States to Japan for 22 
of the 28 industries included in our study; the rate of technical change de- 
creases for only six of the 28 industries. More detailed results are given in 
table 2.5. 

Our interpretation of the parameter estimates given in appendix B con- 
cludes with the accelerations of technical change (PL) and the differences in 
the difference in technology (&J. A positive acceleration corresponds to a 
rate of technical change that is increasing with the level of technology, while 
a negative acceleration implies that the rate of technical change is decreasing 
with the level of technology. The estimated accelerations given in table 2.6 
are positive for 10 industries and negative for the 18 remaining industries. A 
positive difference in the difference in technology corresponds to a difference 
in technology that is increasing between the United States and Japan, while a 
negative difference implies that the estimated differences given in table 2.6 are 
positive for 11 industries and negative for the 17 remaining industries. 

2.4 Conclusion 

Our empirical results on bilateral models of production in Japan and the 
United States reveal some striking differences between the two countries. 
With identical relative quantities of all inputs, Japanese industries have higher 
rates of compensation for capital and intermediate inputs than their U.S. coun- 
terparts. By contrast U.S. industries have higher rates of labor compensation 
than the corresponding Japanese industries. It is important to emphasize that 
these differences in technology would prevail under identical input propor- 
tions in the two countries. The observed patterns of production also reflect 
differences in these proportions. 

High rates of technical change in Japan relative to the United States have 
been revealed by the results of Jorgenson, Kuroda, and Nishimizu (1987). Our 
finding that rates of technical change increase from the United States to Japan 
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Table 2.5 Biases of Technical Change with Respect to the Difference in 
Technology 

- 
U.S. is greater 

3% 

2% 

1% 

0 

- 1% 

- 2% 

- 3% 

Japan is greater 

I Agnculture 

I Construction; (30) Other Services 

I Food, (5) Textile, (10) Printing 

I Apparel, (8) Furniture, (9) Paper, (12) Petroleum, 
3) Rubber, (20) Motor Vehicles, (25) Utilities, (26) Trade 

1) Leather, (15) Stone, Clay, (17) Fabricated Metal, 
9 )  Electric Machinery, (24) Transportation & Communication 

I )  Chemical, (16) Iron & Steel, (18) Machinery, (22) Precision 
rtruments, (23) Miscellaneous Manufacturing, (27) Finance 

I Mining, (7) Lumber, (21) Transportation Equipment 

+ P, 



Table 2.6 Accelerations of Technical Change and Differences in the Difference in Technology 

Accelerations of Technical Change Differences in the Difference in Technology 

P n ’ O  P,<O PDD ’ 0 PDD < 
(1) Agriculture 
(4) Food 
(6) Apparel 

(10) Printing 
(13) Rubber 
(16) Iron & Steel 
(18) Machinery 
(19) Electric Machinery 
(20) Motor Vehicles 
(27) Finance 

(2) Mining 
(3) Construction 
(5) Textile 
(7) Lumber 
(8) Furniture 

(1 1) Chemical 
(12) Petroleum 
(14) Leather 
(15) Stone, Clay 
(17) Fabricated Metal 
(21) Transportation Equipment 
(22) Precision Instruments 
(23) Miscellaneous Manufacturing 
(24) Transportation & Communication 
(25) Electric Utilities, Gas Supply & Water Supply 
(26) Wholesale & Retail Trade 
(28) Service 

(9) Paper 

(1) Agriculture 
(2) Mining 
(6) Apparel 
(9) Paper 

( 12) Petroleum 
(14) Leather 
(15) Stone, Clay 
(16) Iron & Steel 
(18) Machinery 
(19) Electric Machinery 
(22) Precision 

Instruments 

~~~ 

(3) Construction 
(4) Food 
(5) Textile 
(7) Lumber 
(8) Furniture 

(10) Printing 
( 1  1) Chemical 
( 13) Rubber 
(17) Fabricated Metals 
(20) Motor Vehicles 
(21) Transportation Equipment 
(23) Miscellaneous Manufacturing 
(24) Transportation & Communication 
(25) Electric Utilities 
(26) Wholesale & Retail Trade 
(27) Finance 
(28) Service 
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is, therefore, not surprising. This increase characterizes 22 of the 28 indus- 
tries included in our study. An alternative and equivalent interpretation of 
these results is that the difference in technology between the United States and 
Japan increases with the level of technology. The technology gap between the 
two countries is closing for most industries at given relative quantities of all 
inputs. Observed changes in the technology gaps also reflect changes in input 
proportions. 

Our bilateral models of production are based on strong simplifying assump- 
tions. Although we allow for differences in the value shares of the three in- 
puts-capital, labor, and intermediate inputs-the rate of technical change, 
and the difference in technology between the two countries, we require that 
share elasticities and the biases and accelerations of technical change are the 
same for each industry in the two countries. In addition, we have employed 
conditions for producer equilibrium under perfect competition, and we have 
assumed constant returns to scale at the industry level for both countries. 
These assumptions must be justified primarily by their usefulness in imple- 
menting production models that are uniform for all 28 industrial sectors in 
Japan and the United States. 

Our important simplification of the theory of production is the imposition 
of concavity of the sectoral production function for Japan and the United 
States. By imposing concavity we have reduced the number of share elastici- 
ties to be fitted from 168, or six for each of our 28 industrial sectors, to 93, or 
somewhat more than three per sector on average. All share elasticities are 
constrained to be zero for six of the 28 industries. The concavity constraints 
have contributed to the precision of our estimates but require that the share of 
each input be nonincreasing in the quantity of the input itself. 

Appendix A 

Our objective is to describe restrictions on the parameters of our econometric 
models. If a system of equations, consisting of value shares, the rate of tech- 
nical change, and the difference in technology can be generated from a pro- 
duction function, we say that the system is integrable. A complete set of con- 
ditions for integrability is given below. 

1 .  Homogeneiv. The value shares, rate of technical change, and differ- 
ence in technology are homogeneous of degree zero in the inputs. 

We can write the value shares, the rate of technical change, and the differ- 
ence in technology in the form 
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where the parameters (a;, a;, a;, B h ,  P i r ,  PiD,,, &, &D, PbD) are con- 
stant. Homogeneity implies that these parameters must satisfy 

B k i  = 0, 
(A21 pir ’  i = 0, 

PiD’ i = 0, (i = 1 ,  2, . . . , I ) ,  

where i is a vector of ones. Five restrictions are implied by homogeneity for 
three inputs. 

2 .  Product exhaustion. The sum of the value shares is equal to unity: 

v,’i = 1, ( i  = 1, 2, . . . , I ) .  

The three inputs exhaust the value of the product. This implies that the param- 
eters must satisfy the restrictions 

a;’ i = 1, 
BI xx ’ i = 0, 

i = 0,  

PiD’ i = 0, 

(‘43) 

( i  = 1, 2 ,  . . . , I). 

Six restrictions are implied by product exhaustion for three inputs. 
3. Symmetry. The matrix of share elasticities, biases, acceleration, and 

the difference in the difference in technology must be symmetric. 
Imposing homogeneity and product exhaustion restrictions, we can repre- 

sent the system of value shares, the rate of technical change, and the difference 
in technology without imposing symmetry. A necessary and sufficient condi- 
tion for symmetry is that the matrix of parameters must satisfy the restric- 
tions: 

For three inputs the number of symmetry restrictions is 10. 
4. Nonnegativity. The value shares must be nonnegative. 

v,20, ( i = 1 , 2  , . . . )  I ) .  

By product exhaustion the value shares sum to unity, so that we can write 

v , r O ,  ( i = 1 , 2  , . . . ,  I), 

where v, 2 0 implies vi 2 0 and v, # 0. 

tion functions. 
Nonnegativity of the value shares is implied by monotonicity of the produc- 



75 Bilateral Models 

alnZ. 
‘2 - 0 ,  ( i = 1 , 2  ) . . . )  I). 
alnXi 

For the translog production functions, the conditions for monotonicity take 
the form 

Since the production functions are quadratic in the logarithms of inputs lnX, (i 
= 1, 2, . . . , I), we can always choose inputs so that monotonicity is vio- 
lated. Accordingly, there are no restrictions on the parameters that would im- 
ply nonnegativity of the value shares for all inputs. Instead we consider re- 
strictions that imply concavity of the production functions for all nonnegative 
value shares. 

5 .  Monoroniciry. The matrix of share elasticities must be nonpositive def- 
inite. 

Concavity of the production functions implies that Hessian matrices, say 
(Hi), are nonpositive definite, so that the matrices (BA + v,v,’ - V,)  are non- 
positive definite: 

1 
- * N ,  (A6) Hi * N ,  = BI, + v,v,’ - V,, (i = 1, 2, . . . , I ) ,  
Zi 

where 

Ki 0 0 vk 0 0 

N , =  0 Li 0 , V , =  0 vi 0 , ( i = 1 , 2  , . . . ,  I ) ,  j0 0 j0 0 

the production functions are positive, so that 2, > 0, (i = 1, 2, . . . , I), and 
(BiJ are matrices of constant share elasticities defined above. 

Without violating the product exhaustion and nonnegativity restrictions we 
can set the matrices (v,v,’ - V,) equal to zero, for example, by choosing one 
of the value shares equal to unity and the others equal to zero. Necessary 
conditions for the matrices (BkX + v,v,’ - V,)  to be nonpositive definite are 
that the matrices of constant share elasticities (Bfxx) must be nonpositive defi- 
nite. These conditions are also sufficient, since the matrices (v,v,‘ - V,) are 
nonpositive definite for all nonnegative value shares summing to unity. The 
sum of two nonpositive definite matrices is nonpositive definite.’ 

To impose concavity on the translog production functions, the matrices of 
constant share elasticities (BiX) can be represented in terms of the Cholesky 
factorizations: 
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BkX = Ti Di T, ' ,  (i = 1, 2, . . . , I ) ,  

where the matrices (TJ are unit lower triangular and the matrices (Di) are di- 
agonal. For three inputs we can write the matrices (Bm) in terms of their 
Cholesky factorizations as follows: 

where 

0 

, ( i  = 1, 2, . . . , I ) .  

The matrices of constant share elasticities (Bm) must satisfy symmetry restric- 
tions and restrictions implied by product exhaustion. These imply that the 
parameters of the Cholesky factorizations must satisfy the conditions: 

1 + A;, + h;, = 0, 

1 + A;, = 0 ,  

6; = 0 ,  ( i = 1 , 2  , . . . ,  I). 

Under these conditions there is a one-to-one transformation between the share 
elasticities (BXJ and the parameters of the Cholesky factorizations (T,, D J .  
The matrices of share elasticities are nonpositive definite if and only if the 
diagonal elements of the matrices (D,), the so-called Cholesky values, are 
nonpositive. 

Our econometric models are generated from translog production functions 
for each industrial sector. To complete these models we add a stochastic com- 
ponent to the system of equations. We associate this component with unob- 
servable random disturbances. Producers maximize profits for given prices of 
inputs, but the value shares, the rates of technical change, and the difference 
in technology are subject to random disturbances. These disturbances result 
from errors in implementation of production plans, random elements in tech- 
nologies not reflected in the production functions, or errors of measurement. 
We assume that each equation has two additive components. The first is a 
nonrandom function of the inputs, time, and the dummy variable; the second 
is a random disturbance that is functionally independent of these variables.8 
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Appendix B 

(Table 2B. 1 follows on pages 78-81 .) 



Table 28.1 Parameter Estimates for Bilateral Models of Production in Japan and the United States 

lndusay 

aK ,124 
(16.503) 

UL .296 
(40.709) 

UM ,580 
( 1  19.647) 

a, -3940.953 - 

aT ,017 
(1.868) 

(-0.644) 

PKK . . .  

PU 

PMM . . .  

. . .  

PDo 7881.535 
(.MI 

,281 
(36.681) 

,184 
(79.135) 

.535 
(84.111) 

40714.641 
( -  1.588) 

- ,023 
( -  ,649) 

. . .  

. . .  
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81429,375 - 
(1.588) 

.064 ,065 
(38.959) (26.212) 

.391 ,164 
(99.969) (54.226) 

,545 ,771 
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- .007 ,001 
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,085 
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(133.167) 
10900.395 - 
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,027 

(1.228) 
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-21801.141 
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,040 
(15.397) 
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- 17440.969 
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,010 
(1.316) 
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(-11.373) 
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- ,034 
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.001 
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(1.704) 
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PLX 

PMK 

PML 

PDK 
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(-1.190) (-7.114) 
,006 -.005 

(.199) (-.186) 

-.w -.001 
(-4.591) (-1.368) 

,001 -.001 
(.824) (-2.689) 

,003 .002 
(3.328) (2.381) 
-.WZ ,029 

( -  ,537) (5.079) 

-.002 -.001 -.002 
( -  ,576) ( -  ,357) ( -  1.383) 

,020 ,021 ,104 
(1.721) (2.088) (3.569) 

,0002 -.016 -.013 
(.017) (- 2.901) (- ,801) 

- ,0002 .068 .016 
( -  ,017) 

- ,051 
( - 3.172) 

- ,257 
(-9.358) 

.308 
(13.231) 

- .006 
(-5.394) 
- ,0002 
( - ,139) 

.006 
(5.757) 

.015 
(5.238) 

(3.057) 

- ,094 
( - 6.266) 

,012 
(.456) 

,081 
(2.764) 

.001 
(1.435) 
- .003 

( - 3.076) 
.003 

(2.058) 
.019 

(5.2%) 

(1.194) 

- ,092 
(-2.206) 

,280 
(6.475) 
-.188 

( -  10.091) 

,003 
(1.876) 
- ,003 

(-2.339) 
,001 

(.682) 
,022 

(6.976) 

- 001 
- ,512) 

. . .  

. . .  

,122 
(8.713) 

,066 
(4.991) 

,172 
(9.670) 
- .238 

( - 11.395) 

- .006 
( -  10.327) 

- ,008 
(- 11.689) 

,014 
(14.432) 

,014 
(4.283) 

-.oO04 -.002 
( -  ,430) (2.929) 

.042 . . .  
(2.675) 

.039 . . .  
(1.906) . . .  
- .020 . . .  

( -  3.387) 

,071 ,196 
(3.338) (27.958) 1 
-.162 .123 

(-7.036) (17.046) 
,090 -.319 

(5.770) (-35.387) 

,002 -.w 
(3.018) (-9.536) 

,002 ,002 
(2.400) (4.251) 
- ,001 .003 

(-8.1%) (10.816) 
- ,003 .027 

( - 1.053) (6.744) 

- ,001 
-1,103) 

. . .  

. . .  

-.127 
:- 15.222) 

-.051 
(-9.888) 

,178 
(22.825) 

- ,002 
( - 3.170) 

- ,003 
(12.375) 
- .002 

( - 4.236) 
- ,011 

( - 6.290) 
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Notes 

1. The share elasticity was introduced by Christensen, Jorgenson, and Lau (1971, 
1973) and by Samuelson (1973). 

2. Share elasticities were first employed as constant parameters of an econometric 
model of producer behavior by Christensen, Jorgenson, and Lau (1971, 1973). Con- 
stant share elasticities and biases of technical change are employed by Jorgenson and 
Fraumeni (1981); Jorgenson (1983, 1984), and Kuroda, Yoshioka, and Jorgenson 
(1984). Binswanger (1974a, 1974b, 1978a) uses a different definition of biases of tech- 
nical change in parameterizing an econometric model with constant share elasticities. 

3. Alternative definitions of biases of technical change are compared by Bin- 
swanger (1978b). 

4. Biases of the difference in technology were introduced by Binswanger (1974a, 
1974b, 1978a). 

5. Biases of technical change with respect to the difference of technology were 
introduced by Jorgenson and Nishimizu (1978) in the context of a bilateral model of 
production for Japan and the United States at the aggregate level. This model was 
extended to the sectoral level by Jorgenson and Nishimizu (1981). 

6. The difference of the difference of technology was introduced by Jorgenson and 
Nishimizu (1978, 1981). 

7. This approach to global concavity was originated by Jorgenson and Fraumeni 
(1981). The Cholesky factorization was first employed in imposing local concavity 
restrictions by Lau (1978). 

8. Alternative stochastic specifications for econometric models of production are 
discussed by Fuss, McFadden, and Mundlak (1978). Additional detail on econometric 
methods for modeling producer behavior is given by Jorgenson (1986). 
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