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Abstract  This paper estimates the elasticities of substitution and partial elasticities of the tobacco industry in the United 
States. With the help of translog cost function, I analyze the process of technical innovation in the tobacco industry in United 
States. The analysis is carried out over the over the sample period of 1985-2005 using seemingly unrelated regression 
techniques. Empirical results suggest that on average physical capital shows large degree of substitutability with labor, 
materials and energy in the tobacco industry over the whole sample period when the model is non-homothetic and has 
non-neutral technical change except for materials and energy being complements.  
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1. Introduction 
The big business of tobacco is global in nature, and each 

part of the tobacco business, from growing the leaf to 
manufacturing products, contributes to the 
multi-billion-dollar tobacco industry. Tobacco prices are 
central to industry marketing strategies, and it is the tobacco 
industry that sets the prices of its tobacco products. 
Cigarettes are a largely uniform product, easily 
manufactured at low cost on a global scale. Prices of tobacco 
products are of great interest to the public health community 
because they play such a pivotal role in people’s decisions to 
use tobacco. In this paper with the help of translog cost 
function, I analyze the process of technical innovation in the 
tobacco industry in United States. Translog production 
function has been used by many past researchers for 
investigating the technological change and the elasticities of 
substitution among the input factors in the agricultural 
sector. 

Utterback (1994) explores how innovation transforms 
industries, suggesting a strategic model to help firms to 
adjust to ever-shifting market dynamics. Teece (1986) 
explains why innovating firms often fail to obtain significant 
economic returns from an innovation, while customers, 
imitators and other industry participants benefit. Garcia et al. 
(2002) suggests a method for classifying innovations so  
that practitioners  and academics  can talk with  a mutual  
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understanding of how a specific innovation type is identified 
and how the innovation process may be unique for that 
particular innovation type. Howell et al. (1990) investigated 
the personality characteristics, leadership behaviors, and 
influence tactics of champions of technological innovations. 
The study found that champions exhibited higher risk taking 
and innovativeness, initiated more influence attempts, and 
used a greater variety of influence tactics than 
non-champions. Explores the impact of process management 
activities on technological innovation. Benner et al. (2002) 
suggest that research in organizational evolution reduce 
variance in organizational routines and influence the 
selection of innovations, they enhance incremental 
innovation at the expense of exploratory innovation. 
Freeman (2009) examines the historical record of the 
ascendancy of science-related technology in modern 
economies and presents an economic theory of innovation 
based on that record and it implications for policy-makers. 
Hill (2017) identify a number of factors that help to explain 
incumbent performance in markets shaken by a radical 
technological innovation. Scherer (1986) draws essays from 
a body of work strongly influenced by the thought of Joseph 
A. Schumpeter. Each essay tests the hypotheses derived from 
the Schumpeterian propositions that technological 
innovation radically increases real income per capita in 
Western industrialized nations and also monopoly market 
structures and their pursuit are a powerful engine of 
technological progress. (Zellner 1962) suggests that 
efficiency gains resulting from joint estimation tended to be 
larger when the explanatory variables in different equations 
weren’t highly correlated but the disturbances from these 
equations were highly correlated. Microeconomics related 
research involving seemingly unrelated regression 
techniques involves; examining how the level of regulation 
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affects the size distribution of businesses (Calcagano and 
Sobel, 2013); capturing the interdependence of maize crop 
residues in Ethiopia (Jaleta et al, 2015). Beierlein, Sirilli   
et al. (1998) provides empirical evidence on technological 
innovation in the service sector and manufacturing. The 
study suggests that technological innovation is a diffused and 
variegated phenomenon in market services. Engineering, 
technical consultancy, computing and software are the most 
innovative sectors. Innovation expenditure per employee in 
these industries is rather close to the manufacturing average. 
Service firms as well as the manufacturing ones rely on a 
wide range of innovation sources. Cardinal (2000) examines 
the impact of organization-wide controls on innovativeness 
at the firm level. The results challenge several important 
features of existing models of R&D management and 
diverge from common beliefs about R&D management at  
the project level. Gilbert (1996) investigates in detail, 
through the reflections of individuals within the company, 
the activities and behaviors that have led to the successful 
introduction of technology change. Utterback (2017) 
discusses how environmental factors, primarily the 
definition and communication of needs for innovation and 
secondarily the existence and communication of technical 
information, are viewed as both stimulating and limiting the 
firm's potential for innovation. Internal factors which affect 
the synthesis of information into ideas and solutions to 
development problems are also viewed as influencing the 
effectiveness of the firm in response to its environment. 
These include diversity in task assignments and the 
organizational relationships between technical and 
administrative personnel. Similarly, the paper also discusses 
the barriers to communication between the firm and its 
environment, for a given set of internal characteristics, are 
viewed as limiting the firm's response. 

This paper estimates the elasticities of substitution and 
partial elasticities of the tobacco industry in the United States. 
With the help of translog cost function, I analyze the process 
of technical innovation in the tobacco industry in United 
States. The analysis is carried out over the over the sample 
period of 1985-2005 using seemingly unrelated regression 
techniques. Empirical results suggest that on average 
physical capital shows large degree of substitutability with 
labor, materials and energy in the tobacco industry over the 
whole sample period when the model is non-homothetic and 
has non-neutral technical change except for materials and 
energy being complements. 

2. Methodology 
2.1. Model 

We make the following assumption that in the tobacco 
industry sector there exists a twice differentiable aggregate 
production function which relates the flow of gross output (Y) 
to the services of four inputs: capital (K), labor (L), energy 
(E) and all other intermediate materials (M). 

Mathematically, it can be written as: 
Y = f (K, L, E, M, T)                  (1) 

where, T is a technological index. From the theory of duality, 
there always exists cost and production functions which are 
dual to each other. Hence, the cost function can be written as:  

C = f (PK, PL , PE , PM, T)                  (2) 
with, C being the total cost and PK, PL , PE , PM the respective 
input prices of K, L, E, M. Also, the above mentioned 
translog cost function places no a priori restrictions on the 
Allen partial elasticities of substitution and can be viewed as 
a simple second order approximation to an arbitrary twice 
differentiable cost function.   

In the general form, the translog function is given by: 
ln C = β0 +βY ln Y +βTln T+ βK ln PK + βL ln PL + βE ln PE + 
βM ln PM + 1

2
 θKK (lnPK)2 + θKL lnPK lnPL + θKE lnPK lnPE + 

θKM lnPK lnPM +
1
2
 θLL (lnPL)2 + θLE lnPL lnPE + θLM lnPL 

lnPM+ 
1
2
 θEE (lnPE)2+ θEM lnPE lnPM

 + 1
2
 θMM (lnPM)2 + 1

2
 

θYY
 (ln Y)2 +  1

2
 θTT

 (ln T)2                              (3) 

where, θij=θji (symmetry constraint); i, j=K, L, M, E. 
Moreover, the cost function must be homogenous of degree 
one in input prices. Hence, the following relationship among 
the parameters must hold:  

βK + βL + βE+ βK = 1 
θKK + θKL + θKE + θKM = 0 
θKL + θLL + θLE + θLM = 0 
θKE + θLE + θEE + θEM = 0 
θKM + θLM +θEM + θMM = 0                (4) 

Furthermore, factor prices are fixed due to the assumption 
of perfect competition in the factor markets. Cost 
minimizing input demand functions are deduced by 
logarithmically differentiating (3) and by using Shephard’s 
Lemma [i.e substitute (dc/dPi)= i, i=K,L,M,E] giving the cost 
share equations for capital, labor, energy and intermediate 
materials are denoted by SK, SL, SE and SM, respectively. 
Hence, they are as follows:  

SK = βK + θKK lnPK + θKL lnPL + θKE lnPE + θKM lnPM + 
θKYlnY+θKTlnT                               (5) 
SL = βL + θKL lnPK + θLL lnPL + θLE lnPE  + θLM lnPM + 
θLYlnY+θLTlnT                               (6) 
SE = βE + θKE lnPK + θLE lnPL + θEE lnPE  + θEM lnPM + 
θEYlnY+θET lnT                                 (7) 
SM = βM +θKM lnPK +θLM lnPL + θEM lnPE  + θMM lnPM 

+θMYlnY+θMTlnT                                 (8) 
Now, following the parametric restrictions in (4), we are 

left with the following three equations. After adding the error 
component to these equations, these can be written as: 

SK = βK + θKK(𝑃𝐾
𝑃𝐸

) + θKL(𝑃𝐿
𝑃𝐸

) + θKM (𝑃𝑀
𝑃𝐸

) 
+θKYlnY+θKTlnT                                   (9) 
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SL = βL + θKL(𝑃𝐾
𝑃𝐸

) + θLL(𝑃𝐿
𝑃𝐸

) + θLM(𝑃𝑀
𝑃𝐸

) + θLYlnY+θLTlnT 

 (10) 

SM = βM +θKM(𝑃𝐾
𝑃𝐸

) + θLM (𝑃𝐿
𝑃𝐸

) + θMM(𝑃𝑀
𝑃𝐸

)+ 
θMYlnY+θMTlnT                                     (11) 
For the translog cost function in (3), the Allen partial 

elasticities of substitution are given by: 
εij = (θij+ SiSj)/SiSj ,               (12) 

and  
εii= (θii+Si

2-Si)/ Si
2                (13) 

Here Si and Sj are the fitted values of the cost share 
equations and θii and θij are the estimated parameters from 
the seemingly unrelated regressions (SUR) procedure. It 
should be noted that by definition ηii and ηij are the same. 
Furthermore, positive ηij implies that the two factors are 
substitutes and negative ηij implies that the two factors are 
complements whereas ηij any equal to zero implies that the 
two factors are independent of each other. Hence, if εij>0, 
then the inputs i and j (already specified as K, L, M, E) where 
i≠j are substitutes for each other. On the other hand, if εij<0, 
then the inputs are complements. Allen elasticities of 
substitution are related to the price elasticities of demand for 
factors of production. Own and cross price elasticities of 
substitution explain how relative expenditure on factor 
inputs changes as the relative prices change. Thus, using 
Allen elasticities of substitution, the own price elasticity of 
demand for the ith factor of production is given by: 

ηii= εiiSi                     (14) 
ηij= εijSi                     (15) 

Equation (15) denotes the cross-price elasticity of demand 
for the ith factor of production given a price change in the jth 
factor of production. Allen elasticities of substitution, in 
general, tell us about the substitutability of various inputs for 
one another. Using our estimated parameters and fitted cost 
shares, we report Allen elasticities of substitution in Table 4 
Appendix A. The commonly used specification to estimate 
the parameters of a cost function is to jointly estimate the 
share equations with symmetry and homogeneity restrictions 
on the parameters. We will carry the estimation procedure 
keeping in mind the above-discussed technique. 

2.2. Estimation  

To estimate an econometric model for production and 
technical change in the tobacco industry, we add a stochastic 
component to the set of cost share equations and estimate 
these subject to linear homogeneity and symmetry restriction 
on the parameters. Hence, we specify Model (I) consisting of 
four stochastic share equations as: 

SK = βK + θKK lnPK + θKL lnPL + θKE lnPE + θKM lnPM + 
θKYlnY+θKTlnT+µt                           (16) 
SL = βL + θKL lnPK + θLL lnPL + θLE lnPE  + θLM lnPM + 
θLYlnY+θLTlnT+ µt                           (17) 

SE = βE + θKE lnPK + θLE lnPL + θEE lnPE  + θEM lnPM + 
θEYlnY+θET lnT + µt                             (18) 
SM = βM +θKM lnPK +θLM lnPL + θEM lnPE  + θMM lnPM 

+θMYlnY+θMTlnT+ µt                              (19) 
The random disturbances always sum to zero and the 

disturbances are hence, not independent since the cost shares 
in Model I sum to unity. Model I can be either estimated   
by Zellner’s (1962) seemingly unrelated regressions (SUR) 
procedure or by the general maximum likelihood method. 
However, before the analysis can be carried out, the cost 
shares equations from (16) to (19) along with an imposition 
of symmetry conditions on the parameters must be estimated 
by the Ordinary Least Squares (OLS) method. The OLS 
estimates are presented in Table 1 in Appendix A. The 
correlation matrix of the OLS residuals is provided below: 

 

 
SE SK SL SM 

     
SE 1.0000 0.1553 0.3710 -0.2655 
SK 0.1553 1.0000 0.7053 -0.9604 
SL 0.3710 0.7053 1.0000 -0.8746 

SM -0.2655 -0.9604 -0.8746 1.0000 

 
The correlation matrix exhibits that the residuals are 

highly correlated among the cost share equations. This 
justifies the use of the seemingly unrelated regressions (SUR) 
model to estimate the cost share equations because it takes 
care of the contemporaneous correlation among the 
cross-equation errors. Due to the dependence of the 
disturbances, the variance-covariance matrix in the Zellner’s 
procedure will be singular. Thus, it is not possible to estimate 
Model I by Zellner’s procedure until one of the share 
equations are deleted. Hence, I arbitrarily drop the SE 
equation since energy as an input is rarely used in the 
tobacco industry. Model (I) is thus estimated using Zellner’s 
iterative seemingly unrelated (SUR) procedure without the 
SE equation namely, the first stage. Results are presented in 
Table 2 in Appendix A. The autocorrelation function (ACF) 
and partial autocorrelation function (PACF) of the SUR 
residuals for each equation is analyzed to determine the error 
model. Most of the correlograms of the residuals indicate the 
existence of autoregressive process of order one, AR(1). To 
be consistent across, it is assumed that the error terms follow 
AR(1) process throughout. Random errors are assumed to be 
independent and identically distributed as normal variates. 
Before the final estimation, each share equation is corrected 
for autocorrelation. The corrected share equations are given 
by:  

SKt = βK + θKK ln (𝑃𝐾𝑡
𝑃𝐸𝑡

)+ θKL ln  (
𝑃𝐿𝑡
𝑃𝐸𝑡

) +θ KM ln (𝑃𝑀𝑡
𝑃𝐸𝑡

)+ 

θKYlnY+ θKTlnT+γK (SKt-1 - βK - θKK ln (𝑃𝐾𝑡−1
𝑃𝐸𝑡−1

)+ θKL ln  

(𝑃𝐿𝑡−1
𝑃𝐸𝑡−1

) + θKM ln �𝑃𝑀𝑡−1
𝑃𝐸𝑡−1

�)+ θKYlnYt-1 + θKTlnTt-1+ µKt    

                                                   (20) 
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SLt = βL+ θLK ln (𝑃𝐾𝑡
𝑃𝐸𝑡

)+ θLL ln  (
𝑃𝐿𝑡
𝑃𝐸𝑡

) +θ LM ln (𝑃𝑀𝑡
𝑃𝐸𝑡

)+ 

θLYlnY+ θLTlnT+γL (SLt-1 – βL – θLK ln (𝑃𝐾𝑡−1
𝑃𝐸𝑡−1

)+ θLL ln  

(𝑃𝐿𝑡−1
𝑃𝐸𝑡−1

) + θLM ln �𝑃𝑀𝑡−1
𝑃𝐸𝑡−1

�)+ θLYlnYt-1 + θLTlnTt-1 +µLt   

                                            (21) 

SMt = βM+ θMK ln (𝑃𝐾𝑡
𝑃𝐸𝑡

)+ θML ln  (
𝑃𝐿𝑡
𝑃𝐸𝑡

) +θMM ln (𝑃𝑀𝑡
𝑃𝐸𝑡

)+ 

θMYlnY+ θMTlnT+γM (SMt-1 – βM – θMK ln (𝑃𝐾𝑡−1
𝑃𝐸𝑡−1

)+ θML ln  

(𝑃𝐿𝑡−1
𝑃𝐸𝑡−1

) + θMM ln �𝑃𝑀𝑡−1
𝑃𝐸𝑡−1

�)+ θMYlnYt-1 + θMTlnTt-1 +µMt   

                      (22) 
Thus, the equations in (20), (21), and (22), represent the 

lag adjustments of changing factor prices. Again, I estimate 
these equations by applying the iterative seemingly unrelated 
regression (ITSUR) technique imposing the symmetry 
conditions on the parameters. These estimates are reported in 
Table 3 of Appendix A. 

3. Empirical Results 
The data used in this study is annual and are drawn from 

the Harvard Data verse under Dale Jorgensen. The data used 
in the analysis ranges from 1960-2005. Therefore, the total 
number of observations in each model is 46.  

Following Sims, Takayama and Chao (1987), four 
different formulations of Model I are estimated. Estimation 
of Model I allows for non-homotheticity of the production 
function and non-neutral technical change. In Model 2, the 
production function is assumed to be homothetic, so that 
θiY=0, for all i. In Model 3, the assumption of homotheticity 
is relaxed but it is assumed that the technical change is 
neutral, i.e. θiT =0 for all i. In Model 4, both homotheticity 
and neutral technological change are assumed to hold i.e 
both θiY=0 and θiT =0 must hold. If θiT is not significant, it 
implies that technical change is neutral. Results in Table 2 
will account for this as well. Significance of θiY‘s implies 
homotheticity of the production function. Results are 
reported in Table 3 in Appendix A. Using our estimated 
parameters and fitted cost shares from (12) to (15) I report 

Allen elasticities of substitution in Table 4 in Appendix A. 
Importance of Allen elasticities of substitution are justified 
by their relation to the price elasticities of demand for factors 
of production. Own and cross price elasticities of 
substitution explain how relative expenditure on factor 
inputs changes as the relative prices change. For the analysis, 
I obtained both own price elasticities of demand and cross 
price elasticities of demand for all the four factors; capital, 
labor, energy, and intermediate materials, used in the 
tobacco industry of the United States. Using the estimated 
Allen elasticities of substitution and the fitted cost shares,   
I report own and cross price elasticities of demand for all 
factors of production in Table 5 Appendix A. Note these are 
all reported for the four different formulations of Model I. 
The mean values of the respective tables are computed as 
well for easy interpretation. It is evident from Table 5 
Appendix A that on average, physical capital shows 
substitutability with labor, materials and energy in the 
tobacco industry over the whole sample period when the 
model is non-homothetic and has non-neutral technical 
change. This was however not always the case because on 
average material and energy were found to be complements 
in the industry. Labor is found to be substitutes with all the 
other factors of input across all models.  

4. Conclusions 
The use of seemingly unrelated regressions to a simple 

translog cost function in order to estimate the cost share 
equations for the tobacco industry of the U.S. economy for  
a sample period of 1960 to 2005 allows us to deduce that   
on average physical capital shows large degree of 
substitutability with labor, materials and energy in the 
tobacco industry over the whole sample period when the 
model is non-homothetic and has non-neutral technical 
change with the exception of materials and energy being 
complements via Allen elasticities of substitution and price 
elasticities of demand for the production factors; capital, 
labor, energy, and intermediate inputs.  
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Appendix A 
Table 1.  (OLS Estimates) 

 
Coefficient Std. Error t-Statistic Prob. 

βk -0.3355 0.43024 -0.54157 0.2285 
θkl 0.01897 0.01405 1.70085 0.0102 
θke 0.01215 0.01924 3.07096 0.0027 
θkm -0.1637 0.01137 -11.3021 0.0006 
θkk 0.13788 0.01324 12.0438 0 
θky 0.04139 0.04263 1.02737 0.305 
θkt 0.03465 0.00959 3.62462 0.000 
βl 0.2175 0.42857 1.51421 0.124 
θll 0.11923 0.05306 3.19197 0.001 
θle 0.07944 0.02099 3.76508 0.0002 
θlm -0.3313 0.04763 -3.9519 0.0031 
θly -0.06436 0.05793 -0.7627 0.2333 
θlt 0.00405 0.01428 0.3214 0.7422 
βe 0.5909 0.15279 1.13659 0.0851 
θee 0.0131 0.01744 0.7204 0.4399 
θem -0.15643 0.01938 -7.6556 0.0103 
θey -0.07524 0.04786 -1.24412 0.1021 
θet -0.00189 0.01164 -0.18626 0.3455 
βm -0.11771 0.52731 -1.55125 0.1228 
θmm 0.62188 0.05221 11.3354 0 
θmy -0.11318 0.05312 -2.6008 0.0102 
θmt -0.0338 0.01153 -1.9508 0.0043 

Table 2.  (SUR estimates) 

Parameters Model I Model II Model III Model IV 

 

Non-homothetic  
and non-neutral technical 

change 

Homothetic  
and non-neutral 
technical change 

Non-homothetic  
and neutral technical 

change 

Homothetic and 
 neutral technical change 

βk -0.0866 
 

0.2252 
 

0.3170 
 

0.6921 
 

 
0.8036 

 
0.0000 

 
0.0000 

 
0.0967 

 
βl -0.0496 

 
0.1593 

 
0.1904 

 
0.9818 

 
 

0.8971 
 

0.0000 
 

0.0000 
 

0.0022 
 

βm 0.4994 
 

0.5666 
 

0.4530 
 

-0.6521 
 

 
0.4495 

 
0.0000 

 
0.0000 

 
0.2464 

 
βe 0.6368 

 
0.0488 

 
0.0396 

 
-0.0218 

 
 

0.0020 
 

0.0070 
 

0.0520 
 

0.0080 
 

ϴkl 0.0248 
 

0.0283 
 

0.0551 
 

0.0592 
 

 
0.0439 

 
0.0120 

 
0.0000 

 
0.0000 

 
ϴkm -0.2284 

 
-0.2285 

 
-0.2481 

 
-0.2637 

 
 

0.0000 
 

0.0000 
 

0.0000 
 

0.0000 
 

ϴkk 0.1685 
 

0.1707 
 

0.1438 
 

0.1543 
 

 
0.0000 

 
0.0000 

 
0.0000 

 
0.0000 

 
ϴll 0.0410 

 
0.0449 

 
0.0589 

 
0.0361 

 
 

0.1198 
 

0.0660 
 

0.0000 
 

0.0056 
 

ϴlm -0.1010 
 

-0.1084 
 

-0.1787 
 

-0.1660 
 

 
0.0009 

 
0.0004 

 
0.0000 

 
0.0000 

 
ϴmm 0.4332 

 
0.4301 

 
0.5589 

 
0.5675 

 
 

0.0000 
 

0.0000 
 

0.0000 
 

0.0000 
 

ϴek 0.0351 
 

0.0295 
 

0.0491 
 

0.0502 
 

 
0.0320 

 
0.7400 

 
0.0050 

 
0.0720 

 



128 Amrita Bhattacharya:  Technological Innovation in Tobacco Industry  
in the United States: A Translog Cost Function Framework 

 

ϴel 0.0351 
 

0.0352 
 

0.0647 
 

0.0707 
 

 
0.0250 

 
0.6500 

 
0.0430 

 
0.7520 

 
ϴem -0.1039 

 
-0.0932 

 
-0.1321 

 
-0.1379 

 
 

0.0750 
 

0.0580 
 

0.8500 
 

0.0750 
 

ϴee 0.0337 
 

0.0285 
 

0.0183 
 

0.0170 
 

 
0.0580 

 
0.0570 

 
0.7700 

 
0.3500 

 
ϴky 0.0298 

     
-0.0363 

 
 

0.3705 
     

0.3701 
 

ϴly 0.0198 
     

-0.0780 
 

 
0.5961 

     
0.0126 

 
ϴmy 0.0070 

     
0.1081 

 
 

0.9115 
     

0.0506 
 

ϴey -0.0565 
     

0.0062 
 

 
0.7210 

     
0.3250 

 
ϴkT 0.0349 

 
0.0328 

     
 

0.0000 
 

0.0000 
     

ϴlT 0.0081 
 

0.0063 
     

 
0.2579 

 
0.3567 

     
ϴmT -0.0319 

 
-0.0312 

     
 

0.0029 
 

0.0013 
     

ϴeT -0.0112 
 

-0.0080 
     

Eq.1 Adj R-squared 0.8397 
 

0.8343 
 

0.7473 
 

0.7624 
 

Eq.2 Adj R-squared 0.4497 
 

0.4636 
 

0.5073 
 

0.4908 
 

Eq.3 Adj R-squared 0.7435 
 

0.7401 
 

0.7566 
 

0.7432 
 

Table 3.  (SUR estimates) 

Parameters Model I Model II Model III Model IV 

 

Non-homothetic  
and non-neutral technical 

change 

Homothetic  
and non-neutral 
technical change 

Non-homothetic  
and neutral technical 

change 

Homothetic and 
 neutral technical 

change 
βk 0.8111 

 
0.4100 

 
0.3428 

 
0.7750 

 
 

0.0236 
 

0.0003 
 

0.0000 
 

0.0359 
 

βl 0.9693 
 

0.0037 
 

0.0452 
 

0.9087 
 

 
0.0001 

 
0.9901 

 
0.8950 

 
0.0009 

 
βm -1.1704 

 
0.5294 

 
0.5201 

 
-0.5142 

 
 

0.6275 
 

0.0020 
 

0.0000 
 

0.3570 
 

βe 0.3900 
 

0.0569 
 

0.0919 
 

-0.1694 
 

 
0.0020 

 
0.2250 

 
0.8400 

 
0.0080 

 
ϴkl -0.0333 

 
-0.0408 

 
-0.0404 

 
-0.0327 

 
 

0.0000 
 

0.0000 
 

0.0000 
 

0.0000 
 

ϴkm -0.1057 
 

-0.0909 
 

-0.0911 
 

-0.1047 
 

 
0.0000 

 
0.0000 

 
0.0000 

 
0.0000 

 
ϴkk 0.1376 

 
0.1306 

 
0.1308 

 
0.1361 

 
 

0.0000 
 

0.0000 
 

0.0000 
 

0.0000 
 

ϴll 0.0485 
 

0.0495 
 

0.0471 
 

0.0584 
 

 
0.0306 

 
0.0963 

 
0.0909 

 
0.0172 

 
ϴlm -0.0483 

 
-0.0265 

 
-0.0209 

 
-0.0510 

 
 

0.0437 
 

0.4008 
 

0.4911 
 

0.0631 
 

ϴmm 0.1947 
 

0.1403 
 

0.1293 
 

0.1808 
 

 
0.0000 

 
0.0023 

 
0.0041 

 
0.0001 

 
ϴek 0.0014 

 
0.0011 

 
0.0008 

 
0.0013 

 
 

0.0532 
 

0.0240 
 

0.0058 
 

0.0678 
 

ϴel 0.0331 
 

0.0179 
 

0.0143 
 

0.0253 
 

 
0.0289 

 
0.0385 

 
0.0784 

 
0.0459 

 
ϴem -0.0407 

 
-0.0229 

 
-0.0172 

 
-0.0251 
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0.0785 

 
0.0475 

 
0.0782 

 
0.0004 

 
ϴee 0.0062 

 
0.0039 

 
0.0021 

 
-0.0014 

 
 

0.0528 
 

0.0401 
 

0.0504 
 

0.0127 
 

ϴky -0.0465 
     

-0.0416 
 

 
0.1731 

     
0.2464 

 
ϴly -0.0780 

     
-0.0662 

 
 

0.0013 
     

0.0085 
 

ϴmy 0.1286 
     

0.1032 
 

 
0.0205 

     
0.0597 

 
ϴey -0.0041 

     
0.0046 

 
         ϴkT -0.0009 

 
-0.0181 

     
 

0.9655 
 

0.5020 
     

ϴlT 0.0134 
 

0.0084 
     

 
0.0879 

 
0.5310 

     
ϴmT -0.0377 

 
-0.0008 

     
 

0.0879 
 

0.9803 
     

ϴeT 0.0252 
 

0.0106 
     

 
0.0787 

 
0.4851 

     
ρ1 0.9438 

 
0.9407 

 
0.9524 

 
0.9619 

 
 

0.0000 
 

0.0000 
 

0.0000 
 

0.0000 
 

ρ2 1.0587 
 

0.9833 
 

0.9876 
 

1.0278 
 

 
0.0000 

 
0.0000 

 
0.0000 

 
0.0000 

 
ρ3 1.0072 

 
0.9522 

 
0.9607 

 
0.9790 

 
 

0.0000 
 

0.0000 
 

0.0000 
 

0.0000 
 

Eq1 Adj R-squared 0.9511 
 

0.9514 
 

0.9512 
 

0.9515 
 

Eq2 Adj R-squared 0.9266 
 

0.9087 
 

0.9086 
 

0.9214 
 

Eq3 Adj R-squared 0.9446 
 

0.9392 
 

0.9396 
 

0.9430 
 

Table 4.  (Model I) [Allen Elasticities of Substitution] 

Year ϵkk ϵll ϵmm ϵee ϵkl ϵlk ϵkm ϵmk 

1985 -0.2355 -0.5596 -0.1147 -0.2333 0.1902 0.2566 0.3727 0.1842 
1986 -0.2329 -0.5596 -0.1127 -0.1443 0.1834 0.2527 0.3843 0.1803 

1987 -0.2309 -0.5597 -0.1130 -0.1009 0.1883 0.2499 0.3825 0.1775 
1988 -0.2485 -0.5579 -0.1149 0.0092 0.1682 0.2825 0.3708 0.2101 
1989 -0.2499 -0.5584 -0.1158 0.0582 0.1709 0.2865 0.3644 0.2141 

1990 -0.2575 -0.5547 -0.1174 0.0249 0.1561 0.3225 0.3430 0.2501 
1991 -0.2504 -0.5474 -0.1108 0.0919 0.1407 0.2878 0.3935 0.2154 
1992 -0.2562 -0.5459 -0.1148 0.0645 0.1382 0.3116 0.3719 0.2392 

1993 -0.2434 -0.5594 -0.1148 -0.0416 0.1787 0.2707 0.3717 0.1983 
1994 -0.2572 -0.5575 -0.1175 -0.0079 0.1659 0.3197 0.3357 0.2473 
1995 -0.2580 -0.5479 -0.1171 0.1413 0.1415 0.3313 0.3494 0.2589 

1996 -0.2573 -0.5441 -0.1155 0.1534 0.1356 0.3204 0.3662 0.2480 
1997 -0.2499 -0.5406 -0.1080 0.1899 0.1310 0.2863 0.4052 0.2139 
1998 -0.1979 -0.5156 -0.0733 0.1746 0.1079 0.2153 0.4992 0.1429 

1999 -0.1901 -0.4160 -0.0488 0.4969 0.0669 0.2092 0.5474 0.1368 
2000 0.0316 -0.4862 -0.0145 0.0388 0.0912 0.1241 0.6064 0.0517 
2001 -0.0273 -0.4902 -0.0244 0.0541 0.0931 0.1385 0.5901 0.0661 

2002 0.0274 -0.5094 -0.0225 0.1275 0.1038 0.1250 0.5933 0.0526 
2003 0.0531 -0.4882 -0.0121 0.1022 0.0922 0.1195 0.6103 0.0471 
2004 0.2045 -0.4945 0.0017 0.0757 0.0953 0.0945 0.6321 0.0221 

2005 0.0658 -0.4899 -0.0114 -0.0012 0.0930 0.1170 0.6114 0.0446 
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Table 4.  (Model I) [continued] 

ϵke ϵek ϵlm ϵml ϵle ϵel ϵme ϵem 

0.0104 0.3073 0.4490 0.1396 0.1851 0.2209 -0.0318 0.4566 
0.0103 0.2580 0.4730 0.1651 0.1640 0.2464 -0.0318 0.4805 
0.0103 0.2789 0.4459 0.1711 0.1598 0.2525 -0.0318 0.4534 

0.0096 0.2914 0.4301 0.1752 0.1563 0.2566 -0.0325 0.4376 
0.0087 0.2874 0.4417 0.1684 0.1601 0.2498 -0.0334 0.4493 
0.0084 0.2846 0.4399 0.1734 0.1563 0.2547 -0.0337 0.4475 

0.0076 0.3173 0.4282 0.1532 0.1704 0.2346 -0.0345 0.4358 
0.0073 0.3212 0.4218 0.1560 0.1679 0.2373 -0.0348 0.4294 
0.0075 0.3572 0.4005 0.1412 0.1808 0.2225 -0.0346 0.4080 

0.0071 0.3225 0.4509 0.1258 0.1959 0.2071 -0.0350 0.4585 
0.0073 0.3463 0.4294 0.1233 0.1988 0.2046 -0.0348 0.4369 
0.0079 0.3055 0.4291 0.1638 0.1626 0.2451 -0.0342 0.4367 

0.0077 0.3544 0.3932 0.1510 0.1724 0.2323 -0.0344 0.4007 
0.0069 0.3660 0.4068 0.1266 0.1947 0.2079 -0.0352 0.4144 
0.0068 0.3551 0.4237 0.1207 0.2013 0.2020 -0.0353 0.4312 

0.0067 0.3210 0.4626 0.1160 0.2067 0.1974 -0.0355 0.4702 
0.0067 0.2500 0.5566 0.0930 0.2396 0.1743 -0.0354 0.5641 
0.0056 0.2439 0.6049 0.0519 0.3344 0.1333 -0.0366 0.6124 

0.0074 0.1588 0.6638 0.0763 0.2718 0.1576 -0.0347 0.6713 
0.0073 0.1732 0.6476 0.0782 0.2676 0.1595 -0.0348 0.6551 

Table 4.  (Model II) 

Year ϵkk ϵll ϵmm ϵee ϵkl ϵlk ϵkm ϵmk 

1985 -0.2596 -0.5550 -0.2284 -0.5114 0.1827 0.2491 0.3875 0.1991 

1986 -0.2574 -0.5549 -0.2237 -0.4554 0.1758 0.2452 0.3991 0.1951 
1987 -0.2556 -0.5550 -0.2244 -0.4280 0.1808 0.2424 0.3973 0.1923 
1988 -0.2707 -0.5528 -0.2291 -0.3586 0.1606 0.2750 0.3856 0.2250 

1989 -0.2718 -0.5534 -0.2315 -0.3277 0.1634 0.2789 0.3792 0.2289 
1990 -0.2771 -0.5492 -0.2386 -0.3487 0.1486 0.3149 0.3578 0.2649 
1991 -0.2722 -0.5415 -0.2198 -0.3064 0.1332 0.2802 0.4083 0.2302 

1992 -0.2764 -0.5399 -0.2286 -0.3237 0.1307 0.3041 0.3868 0.2541 
1993 -0.2664 -0.5545 -0.2287 -0.3906 0.1712 0.2632 0.3865 0.2132 
1994 -0.2770 -0.5523 -0.2408 -0.3694 0.1584 0.3122 0.3506 0.2622 

1995 -0.2772 -0.5420 -0.2366 -0.2752 0.1340 0.3238 0.3642 0.2737 
1996 -0.2771 -0.5380 -0.2308 -0.2676 0.1281 0.3129 0.3811 0.2629 
1997 -0.2718 -0.5344 -0.2145 -0.2445 0.1234 0.2788 0.4200 0.2287 

1998 -0.2260 -0.5083 -0.1632 -0.2542 0.1004 0.2077 0.5140 0.1577 
1999 -0.2190 -0.4057 -0.1321 -0.0505 0.0594 0.2017 0.5622 0.1517 
2000 -0.0129 -0.4779 -0.0909 -0.3399 0.0837 0.1166 0.6212 0.0665 

2001 -0.0680 -0.4820 -0.1026 -0.3303 0.0856 0.1310 0.6050 0.0809 
2002 -0.0168 -0.5019 -0.1003 -0.2839 0.0963 0.1175 0.6081 0.0675 
2003 0.0074 -0.4800 -0.0880 -0.2999 0.0846 0.1120 0.6251 0.0620 

2004 0.1498 -0.4865 -0.0721 -0.3167 0.0878 0.0870 0.6469 0.0369 
2005 0.0192 -0.4817 -0.0872 -0.3652 0.0855 0.1095 0.6263 0.0594 
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Table 4.  (Model II) [continued] 

ϵke ϵek ϵlm ϵml ϵle ϵel ϵme ϵem 

0.0093 0.2910 0.4518 0.1970 0.0261 0.2414 -0.0147 0.4555 
0.0084 0.2871 0.4635 0.1901 0.0252 0.2345 -0.0156 0.4671 
0.0081 0.2843 0.4617 0.1951 0.0248 0.2395 -0.0159 0.4653 

0.0073 0.3169 0.4500 0.1749 0.0241 0.2193 -0.0167 0.4536 
0.0070 0.3209 0.4436 0.1777 0.0238 0.2221 -0.0170 0.4472 
0.0072 0.3569 0.4222 0.1629 0.0240 0.2073 -0.0168 0.4258 

0.0068 0.3222 0.4727 0.1475 0.0236 0.1919 -0.0172 0.4763 
0.0070 0.3460 0.4511 0.1450 0.0237 0.1894 -0.0170 0.4547 
0.0076 0.3051 0.4509 0.1855 0.0244 0.2299 -0.0164 0.4545 

0.0074 0.3541 0.4149 0.1727 0.0242 0.2171 -0.0166 0.4185 
0.0066 0.3657 0.4286 0.1483 0.0233 0.1927 -0.0174 0.4322 
0.0065 0.3548 0.4454 0.1424 0.0233 0.1868 -0.0175 0.4490 

0.0064 0.3207 0.4844 0.1377 0.0231 0.1821 -0.0176 0.4880 
0.0064 0.2497 0.5783 0.1147 0.0232 0.1591 -0.0176 0.5820 
0.0053 0.2436 0.6266 0.0737 0.0220 0.1180 -0.0187 0.6302 

0.0071 0.1585 0.6855 0.0980 0.0239 0.1424 -0.0169 0.6892 
0.0070 0.1729 0.6693 0.0999 0.0238 0.1443 -0.0170 0.6729 
0.0066 0.1594 0.6725 0.1106 0.0234 0.1550 -0.0173 0.6761 

0.0068 0.1539 0.6895 0.0989 0.0235 0.1433 -0.0172 0.6931 
0.0069 0.1289 0.7113 0.1021 0.0237 0.1465 -0.0171 0.7149 

Table 4.  (Model III) 

Year ϵkk ϵll ϵmm ϵee ϵkl ϵlk ϵkm ϵmk 

1985 -0.2590 -0.5659 -0.2514 -0.7377 0.1831 0.2495 0.3872 0.1988 

1986 -0.2568 -0.5661 -0.2462 -0.7084 0.1762 0.2456 0.3989 0.1949 
1987 -0.2551 -0.5660 -0.2470 -0.6941 0.1812 0.2428 0.3971 0.1921 
1988 -0.2701 -0.5649 -0.2522 -0.6577 0.1610 0.2754 0.3854 0.2247 

1989 -0.2713 -0.5653 -0.2549 -0.6415 0.1638 0.2793 0.3790 0.2286 
1990 -0.2767 -0.5621 -0.2632 -0.6525 0.1490 0.3153 0.3576 0.2647 
1991 -0.2716 -0.5555 -0.2419 -0.6303 0.1336 0.2806 0.4081 0.2299 

1992 -0.2760 -0.5541 -0.2517 -0.6394 0.1311 0.3045 0.3865 0.2538 
1993 -0.2659 -0.5660 -0.2519 -0.6745 0.1716 0.2636 0.3863 0.2129 
1994 -0.2766 -0.5645 -0.2658 -0.6634 0.1588 0.3126 0.3503 0.2619 

1995 -0.2767 -0.5560 -0.2609 -0.6140 0.1344 0.3242 0.3640 0.2735 
1996 -0.2766 -0.5524 -0.2542 -0.6100 0.1285 0.3133 0.3808 0.2626 
1997 -0.2712 -0.5492 -0.2361 -0.5978 0.1238 0.2792 0.4198 0.2285 

1998 -0.2253 -0.5255 -0.1814 -0.6029 0.1008 0.2081 0.5137 0.1574 
1999 -0.2183 -0.4300 -0.1490 -0.4957 0.0597 0.2021 0.5620 0.1514 
2000 -0.0118 -0.4975 -0.1064 -0.6479 0.0841 0.1170 0.6209 0.0663 

2001 -0.0670 -0.5013 -0.1184 -0.6429 0.0860 0.1314 0.6047 0.0807 
2002 -0.0158 -0.5196 -0.1161 -0.6185 0.0967 0.1179 0.6079 0.0672 
2003 0.0085 -0.4994 -0.1035 -0.6269 0.0850 0.1124 0.6249 0.0617 

2004 0.1511 -0.5054 -0.0870 -0.6357 0.0882 0.0874 0.6467 0.0367 
2005 0.0203 -0.5010 -0.1026 -0.6612 0.0859 0.1099 0.6260 0.0592 
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Table 4.  (Model III) [continued] 

ϵke ϵek ϵlm ϵml ϵle ϵel ϵme ϵem 

0.0104 0.2916 0.5101 0.1476 0.0239 0.1828 -0.0076 0.5139 

0.0098 0.3067 0.4763 0.1669 0.0233 0.2022 -0.0082 0.4801 

0.0097 0.2574 0.5003 0.1924 0.0232 0.2276 -0.0083 0.5040 

0.0097 0.2783 0.4732 0.1984 0.0232 0.2337 -0.0083 0.4770 

0.0090 0.2907 0.4574 0.2026 0.0225 0.2378 -0.0090 0.4612 

0.0081 0.2868 0.4690 0.1957 0.0216 0.2310 -0.0099 0.4728 

0.0078 0.2840 0.4672 0.2007 0.0213 0.2359 -0.0102 0.4710 

0.0070 0.3166 0.4555 0.1805 0.0205 0.2158 -0.0110 0.4593 

0.0067 0.3206 0.4492 0.1833 0.0202 0.2185 -0.0113 0.4529 

0.0069 0.3566 0.4278 0.1685 0.0204 0.2037 -0.0111 0.4315 

0.0065 0.3219 0.4782 0.1531 0.0200 0.1883 -0.0115 0.4820 

0.0067 0.3457 0.4567 0.1506 0.0202 0.1859 -0.0113 0.4604 

0.0073 0.3048 0.4564 0.1911 0.0208 0.2263 -0.0107 0.4602 

0.0071 0.3538 0.4205 0.1783 0.0206 0.2135 -0.0109 0.4242 

0.0063 0.3654 0.4341 0.1539 0.0198 0.1892 -0.0117 0.4379 

0.0062 0.3545 0.4510 0.1480 0.0197 0.1832 -0.0118 0.4547 

0.0060 0.3204 0.4899 0.1433 0.0196 0.1786 -0.0119 0.4937 

0.0061 0.2494 0.5839 0.1203 0.0196 0.1556 -0.0119 0.5877 

0.0050 0.2433 0.6322 0.0792 0.0185 0.1145 -0.0130 0.6359 

0.0068 0.1582 0.6911 0.1036 0.0203 0.1388 -0.0112 0.6949 

Table 4.  (Model IV) 

Year ϵkk ϵll ϵmm ϵee ϵkl ϵlk ϵkm ϵmk 

1985 -0.2406 -0.5153 -0.1438 -1.1674 0.1908 0.2572 0.3737 0.1853 
1986 -0.2381 -0.5139 -0.1411 -1.1891 0.1840 0.2533 0.3853 0.1813 
1987 -0.2362 -0.5150 -0.1416 -1.1996 0.1889 0.2505 0.3835 0.1785 

1988 -0.2532 -0.5088 -0.1442 -1.2261 0.1688 0.2831 0.3718 0.2112 
1989 -0.2546 -0.5100 -0.1454 -1.2377 0.1715 0.2871 0.3654 0.2151 
1990 -0.2616 -0.5024 -0.1485 -1.2298 0.1567 0.3231 0.3440 0.2511 

1991 -0.2550 -0.4906 -0.1387 -1.2458 0.1413 0.2884 0.3945 0.2164 
1992 -0.2605 -0.4882 -0.1439 -1.2392 0.1388 0.3122 0.3730 0.2403 
1993 -0.2483 -0.5127 -0.1440 -1.2139 0.1793 0.2713 0.3727 0.1994 

1994 -0.2614 -0.5078 -0.1491 -1.2220 0.1665 0.3203 0.3368 0.2483 
1995 -0.2621 -0.4913 -0.1477 -1.2575 0.1421 0.3319 0.3504 0.2599 
1996 -0.2615 -0.4855 -0.1451 -1.2604 0.1362 0.3210 0.3673 0.2490 

1997 -0.2545 -0.4804 -0.1353 -1.2691 0.1316 0.2869 0.4062 0.2149 
1998 -0.2038 -0.4455 -0.0963 -1.2654 0.1085 0.2159 0.5002 0.1439 
1999 -0.1963 -0.3172 -0.0701 -1.3415 0.0675 0.2098 0.5484 0.1379 

2000 0.0222 -0.4067 -0.0341 -1.2331 0.0918 0.1247 0.6074 0.0527 
2001 -0.0359 -0.4119 -0.0444 -1.2368 0.0937 0.1391 0.5911 0.0671 
2002 0.0180 -0.4372 -0.0424 -1.2543 0.1044 0.1256 0.5943 0.0537 

2003 0.0434 -0.4093 -0.0315 -1.2482 0.0928 0.1201 0.6113 0.0482 
2004 0.1929 -0.4175 -0.0172 -1.2419 0.0959 0.0951 0.6331 0.0231 

2005 0.0559 -0.4115 -0.0308 -1.2236 0.0936 0.1176 0.6125 0.0456 
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Table 4.  (Model IV) [continued] 

ϵke ϵek ϵlm ϵml ϵle ϵel ϵme ϵem 

0.0102 0.3072 0.4463 0.1369 0.0342 0.2131 -0.0162 0.4722 
0.0102 0.2578 0.4703 0.1624 0.0342 0.2386 -0.0162 0.4961 
0.0102 0.2788 0.4432 0.1684 0.0342 0.2447 -0.0162 0.4690 

0.0095 0.2912 0.4274 0.1725 0.0335 0.2488 -0.0169 0.4532 
0.0086 0.2873 0.4390 0.1657 0.0326 0.2419 -0.0178 0.4649 
0.0082 0.2845 0.4372 0.1707 0.0323 0.2469 -0.0181 0.4631 

0.0075 0.3171 0.4255 0.1505 0.0315 0.2267 -0.0189 0.4514 
0.0072 0.3210 0.4192 0.1533 0.0312 0.2295 -0.0192 0.4450 
0.0074 0.3570 0.3978 0.1385 0.0314 0.2147 -0.0190 0.4236 

0.0070 0.3223 0.4482 0.1231 0.0310 0.1993 -0.0194 0.4741 
0.0072 0.3462 0.4267 0.1206 0.0312 0.1968 -0.0192 0.4525 
0.0078 0.3053 0.4264 0.1611 0.0318 0.2373 -0.0186 0.4523 

0.0076 0.3543 0.3905 0.1483 0.0316 0.2245 -0.0188 0.4163 
0.0068 0.3659 0.4041 0.1239 0.0308 0.2001 -0.0196 0.4300 
0.0067 0.3550 0.4210 0.1180 0.0307 0.1942 -0.0197 0.4468 

0.0065 0.3209 0.4599 0.1133 0.0305 0.1895 -0.0199 0.4858 
0.0066 0.2498 0.5539 0.0903 0.0306 0.1665 -0.0198 0.5798 
0.0054 0.2438 0.6022 0.0492 0.0295 0.1255 -0.0209 0.6280 

0.0073 0.1587 0.6611 0.0736 0.0313 0.1498 -0.0191 0.6869 
0.0072 0.1731 0.6449 0.0755 0.0312 0.1517 -0.0192 0.6707 

Table 5.  (Model I) [Price Elasticities of Demand] 

Year ηkk ηkl ηke ηkm ηll ηle ηlm ηee 

1986 -0.0666 0.0397 0.0001 0.1883 -0.1212 0.0012 0.2164 -0.0011 

1987 -0.0654 0.0417 0.0001 0.1867 -0.1240 0.0011 0.2148 -0.0007 
1988 -0.0785 0.0339 0.0000 0.1767 -0.1124 0.0011 0.2040 0.0001 
1989 -0.0799 0.0349 0.0000 0.1713 -0.1140 0.0010 0.1983 0.0003 

1990 -0.0916 0.0296 0.0000 0.1539 -0.1051 0.0011 0.1797 0.0002 
1991 -0.0804 0.0245 0.0000 0.1964 -0.0953 0.0011 0.2251 0.0005 
1992 -0.0884 0.0237 0.0000 0.1776 -0.0936 0.0012 0.2051 0.0004 

1993 -0.0740 0.0379 0.0001 0.1774 -0.1186 0.0011 0.2049 -0.0003 
1994 -0.0908 0.0331 0.0000 0.1482 -0.1111 0.0011 0.1736 0.0000 
1995 -0.0941 0.0247 0.0000 0.1590 -0.0958 0.0011 0.1851 0.0008 

1996 -0.0910 0.0229 0.0000 0.1728 -0.0919 0.0011 0.2000 0.0008 
1997 -0.0799 0.0215 0.0000 0.2070 -0.0888 0.0011 0.2363 0.0010 
1998 -0.0492 0.0152 0.0000 0.3019 -0.0728 0.0013 0.3367 0.0009 

1999 -0.0461 0.0067 0.0000 0.3575 -0.0417 0.0014 0.3950 0.0021 
2000 0.0050 0.0114 0.0000 0.4318 -0.0605 0.0016 0.4727 0.0002 
2001 -0.0047 0.0118 0.0000 0.4106 -0.0620 0.0016 0.4506 0.0003 

2002 0.0043 0.0142 0.0000 0.4147 -0.0699 0.0014 0.4549 0.0007 
2003 0.0081 0.0116 0.0000 0.4370 -0.0613 0.0015 0.4781 0.0006 
2004 0.0261 0.0123 0.0000 0.4663 -0.0636 0.0015 0.5087 0.0004 

2005 0.0099 0.0117 0.0000 0.4385 -0.0619 0.0017 0.4797 0.0000 
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Table 5.  (Model I) [continued] 

ηem ηmm ηlk ηek ηel ηmk ηml ηme 

0.2505 -0.0549 0.0573 0.0662 0.0526 0.0387 0.0352 -0.0003 
0.2241 -0.0553 0.0678 0.0774 0.0554 0.0477 0.0375 -0.0003 
0.2093 -0.0549 0.0744 0.0845 0.0573 0.0534 0.0392 -0.0003 

0.2201 -0.0552 0.0723 0.0822 0.0541 0.0516 0.0365 -0.0002 
0.2184 -0.0552 0.0708 0.0806 0.0565 0.0503 0.0384 -0.0002 
0.2076 -0.0548 0.0892 0.1002 0.0473 0.0664 0.0309 -0.0002 

0.2019 -0.0544 0.0916 0.1027 0.0485 0.0684 0.0319 -0.0002 
0.1831 -0.0527 0.1147 0.1271 0.0421 0.0890 0.0267 -0.0002 
0.2289 -0.0553 0.0924 0.1035 0.0360 0.0691 0.0219 -0.0002 

0.2087 -0.0548 0.1075 0.1195 0.0351 0.0825 0.0212 -0.0002 
0.2085 -0.0548 0.0823 0.0929 0.0520 0.0603 0.0347 -0.0002 
0.1769 -0.0519 0.1129 0.1251 0.0463 0.0873 0.0301 -0.0002 

0.1886 -0.0533 0.1208 0.1335 0.0364 0.0944 0.0221 -0.0002 
0.2035 -0.0545 0.1133 0.1256 0.0341 0.0877 0.0204 -0.0002 
0.2402 -0.0552 0.0915 0.1026 0.0324 0.0684 0.0191 -0.0002 

0.3412 -0.0443 0.0535 0.0621 0.0246 0.0355 0.0131 -0.0002 
0.4000 -0.0319 0.0507 0.0592 0.0134 0.0332 0.0052 -0.0002 
0.4780 -0.0103 0.0195 0.0250 0.0196 0.0081 0.0095 -0.0002 

0.4558 -0.0170 0.0238 0.0298 0.0202 0.0114 0.0099 -0.0002 

Table 5.  (Model II) 

Year ηkk ηkl ηke ηkm ηll ηle ηlm ηee 

1986 -0.0736 0.0381 0.0001 0.1883 -0.1202 0.0002 0.2271 -0.0033 
1987 -0.0724 0.0401 0.0001 0.1867 -0.1230 0.0002 0.2254 -0.0030 

1988 -0.0855 0.0324 0.0000 0.1767 -0.1114 0.0001 0.2144 -0.0022 
1989 -0.0869 0.0334 0.0000 0.1713 -0.1130 0.0001 0.2085 -0.0019 
1990 -0.0986 0.0281 0.0000 0.1539 -0.1040 0.0001 0.1894 -0.0021 

1991 -0.0874 0.0232 0.0000 0.1964 -0.0942 0.0001 0.2359 -0.0018 
1992 -0.0954 0.0224 0.0000 0.1776 -0.0926 0.0001 0.2155 -0.0019 
1993 -0.0810 0.0363 0.0000 0.1774 -0.1176 0.0002 0.2152 -0.0026 

1994 -0.0978 0.0316 0.0000 0.1482 -0.1100 0.0002 0.1832 -0.0023 
1995 -0.1011 0.0234 0.0000 0.1590 -0.0948 0.0001 0.1950 -0.0015 
1996 -0.0980 0.0216 0.0000 0.1728 -0.0909 0.0001 0.2102 -0.0015 

1997 -0.0869 0.0203 0.0000 0.2070 -0.0878 0.0001 0.2475 -0.0013 
1998 -0.0562 0.0142 0.0000 0.3019 -0.0718 0.0001 0.3498 -0.0014 
1999 -0.0531 0.0059 0.0000 0.3575 -0.0406 0.0001 0.4092 -0.0002 

2000 -0.0020 0.0104 0.0000 0.4318 -0.0595 0.0001 0.4881 -0.0020 
2001 -0.0117 0.0108 0.0000 0.4106 -0.0609 0.0001 0.4657 -0.0020 
2002 -0.0027 0.0132 0.0000 0.4147 -0.0688 0.0001 0.4700 -0.0016 

2003 0.0011 0.0106 0.0000 0.4370 -0.0602 0.0001 0.4937 -0.0017 
2004 0.0191 0.0113 0.0000 0.4663 -0.0626 0.0001 0.5248 -0.0018 
2005 0.0029 0.0108 0.0000 0.4385 -0.0608 0.0002 0.4953 -0.0023 
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Table 5.  (Model II) [continued] 

ηem ηmm ηlk ηek ηel ηmk ηml ηme 

0.2179 -0.1092 0.0722 0.0844 0.0539 0.0577 0.0440 -0.0001 
0.2289 -0.1096 0.0701 0.0821 0.0508 0.0558 0.0412 -0.0001 
0.2271 -0.1096 0.0686 0.0805 0.0531 0.0545 0.0432 -0.0001 

0.2161 -0.1092 0.0869 0.1001 0.0442 0.0711 0.0352 -0.0001 
0.2102 -0.1088 0.0892 0.1026 0.0454 0.0732 0.0363 -0.0001 
0.1911 -0.1071 0.1121 0.1270 0.0393 0.0942 0.0309 -0.0001 

0.2378 -0.1097 0.0900 0.1034 0.0334 0.0739 0.0257 -0.0001 
0.2172 -0.1092 0.1049 0.1194 0.0325 0.0876 0.0249 -0.0001 
0.2170 -0.1092 0.0800 0.0928 0.0487 0.0648 0.0393 -0.0001 

0.1848 -0.1063 0.1102 0.1250 0.0432 0.0925 0.0344 -0.0001 
0.1967 -0.1077 0.1180 0.1333 0.0337 0.0998 0.0259 -0.0001 
0.2119 -0.1089 0.1107 0.1255 0.0315 0.0930 0.0241 -0.0001 

0.2493 -0.1096 0.0891 0.1025 0.0299 0.0731 0.0226 -0.0001 
0.3520 -0.0987 0.0516 0.0621 0.0225 0.0392 0.0162 -0.0001 
0.4116 -0.0863 0.0489 0.0591 0.0118 0.0368 0.0074 -0.0001 

0.4907 -0.0647 0.0183 0.0249 0.0177 0.0105 0.0122 -0.0001 
0.4682 -0.0714 0.0225 0.0297 0.0182 0.0139 0.0126 -0.0001 
0.4726 -0.0701 0.0186 0.0252 0.0213 0.0107 0.0152 -0.0001 

0.4963 -0.0630 0.0171 0.0235 0.0180 0.0095 0.0124 -0.0001 

Table 5.  (Model III) 

Year ηkk ηkl ηke ηkm ηll ηle ηlm ηee 

1985 -0.0751 0.0409 0.0001 0.1852 -0.1265 0.0002 0.2188 -0.0061 
1986 -0.0734 0.0382 0.0001 0.1954 -0.1227 0.0002 0.2298 -0.0052 

1987 -0.0722 0.0402 0.0001 0.1938 -0.1254 0.0001 0.2281 -0.0048 
1988 -0.0853 0.0324 0.0000 0.1836 -0.1138 0.0001 0.2171 -0.0041 
1989 -0.0867 0.0334 0.0000 0.1782 -0.1154 0.0001 0.2112 -0.0038 

1990 -0.0984 0.0282 0.0000 0.1605 -0.1065 0.0001 0.1919 -0.0040 
1991 -0.0872 0.0232 0.0000 0.2037 -0.0967 0.0001 0.2387 -0.0036 
1992 -0.0952 0.0225 0.0000 0.1846 -0.0951 0.0001 0.2181 -0.0038 

1993 -0.0808 0.0364 0.0000 0.1844 -0.1200 0.0001 0.2179 -0.0044 
1994 -0.0976 0.0316 0.0000 0.1546 -0.1125 0.0001 0.1856 -0.0042 
1995 -0.1009 0.0235 0.0000 0.1656 -0.0972 0.0001 0.1976 -0.0034 

1996 -0.0978 0.0217 0.0000 0.1797 -0.0933 0.0001 0.2128 -0.0033 
1997 -0.0867 0.0203 0.0000 0.2144 -0.0902 0.0001 0.2503 -0.0031 
1998 -0.0560 0.0142 0.0000 0.3108 -0.0742 0.0001 0.3532 -0.0032 

1999 -0.0529 0.0060 0.0000 0.3670 -0.0431 0.0001 0.4129 -0.0021 
2000 -0.0019 0.0105 0.0000 0.4421 -0.0619 0.0001 0.4921 -0.0039 
2001 -0.0115 0.0109 0.0000 0.4208 -0.0634 0.0001 0.4696 -0.0038 

2002 -0.0025 0.0133 0.0000 0.4249 -0.0713 0.0001 0.4739 -0.0034 
2003 0.0013 0.0107 0.0000 0.4474 -0.0627 0.0001 0.4977 -0.0036 
2004 0.0193 0.0113 0.0000 0.4771 -0.0650 0.0001 0.5289 -0.0037 

2005 0.0031 0.0108 0.0000 0.4489 -0.0633 0.0001 0.4993 -0.0041 
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Table 5.  (Model III) [continued] 

ηem ηmm ηlk ηek ηel ηmk ηml ηme 

0.2729 -0.1198 0.0728 0.0848 0.0308 0.0581 0.0249 -0.0001 
0.2387 -0.1207 0.0812 0.0938 0.0380 0.0657 0.0314 -0.0001 
0.2627 -0.1203 0.0554 0.0660 0.0486 0.0424 0.0410 -0.0001 

0.2357 -0.1207 0.0658 0.0772 0.0513 0.0517 0.0435 -0.0001 
0.2206 -0.1203 0.0723 0.0843 0.0532 0.0576 0.0453 -0.0001 
0.2317 -0.1206 0.0702 0.0820 0.0500 0.0557 0.0424 -0.0001 

0.2299 -0.1206 0.0688 0.0804 0.0523 0.0544 0.0445 -0.0001 
0.2188 -0.1202 0.0870 0.1000 0.0435 0.0710 0.0364 -0.0001 
0.2129 -0.1199 0.0893 0.1025 0.0446 0.0731 0.0374 -0.0001 

0.1936 -0.1181 0.1122 0.1269 0.0386 0.0942 0.0319 -0.0001 
0.2406 -0.1207 0.0901 0.1033 0.0328 0.0738 0.0266 -0.0001 
0.2199 -0.1202 0.1050 0.1193 0.0319 0.0875 0.0258 -0.0001 

0.2197 -0.1202 0.0801 0.0927 0.0480 0.0647 0.0405 -0.0001 
0.1873 -0.1173 0.1104 0.1249 0.0425 0.0925 0.0355 -0.0001 
0.1993 -0.1187 0.1182 0.1332 0.0331 0.0997 0.0269 -0.0001 

0.2146 -0.1200 0.1108 0.1254 0.0309 0.0929 0.0250 -0.0001 
0.2522 -0.1206 0.0892 0.1024 0.0293 0.0730 0.0235 -0.0001 
0.3555 -0.1097 0.0517 0.0620 0.0220 0.0391 0.0170 -0.0001 

0.4153 -0.0973 0.0490 0.0590 0.0115 0.0367 0.0079 -0.0001 
0.4948 -0.0758 0.0184 0.0249 0.0173 0.0104 0.0129 -0.0001 

Table 5.  (Model IV) 

Year ηkk ηkl ηke ηkm ηll ηle ηlm ηee 

1985 -0.0698 0.0426 0.0001 0.1787 -0.1152 0.0003 0.2045 -0.0096 

1986 -0.0681 0.0399 0.0001 0.1888 -0.1113 0.0002 0.2151 -0.0087 
1987 -0.0669 0.0419 0.0001 0.1872 -0.1141 0.0002 0.2135 -0.0084 
1988 -0.0800 0.0340 0.0000 0.1772 -0.1025 0.0002 0.2028 -0.0076 

1989 -0.0814 0.0350 0.0000 0.1718 -0.1041 0.0002 0.1970 -0.0073 
1990 -0.0931 0.0297 0.0000 0.1544 -0.0952 0.0002 0.1785 -0.0075 
1991 -0.0819 0.0246 0.0000 0.1969 -0.0854 0.0002 0.2237 -0.0071 

1992 -0.0898 0.0238 0.0000 0.1781 -0.0838 0.0002 0.2038 -0.0073 
1993 -0.0755 0.0380 0.0001 0.1779 -0.1087 0.0002 0.2036 -0.0079 
1994 -0.0923 0.0332 0.0000 0.1487 -0.1012 0.0002 0.1724 -0.0077 

1995 -0.0956 0.0249 0.0000 0.1595 -0.0859 0.0002 0.1839 -0.0069 
1996 -0.0925 0.0230 0.0000 0.1733 -0.0820 0.0002 0.1987 -0.0068 
1997 -0.0813 0.0216 0.0000 0.2075 -0.0789 0.0002 0.2350 -0.0067 

1998 -0.0507 0.0153 0.0000 0.3026 -0.0629 0.0002 0.3351 -0.0067 
1999 -0.0476 0.0068 0.0000 0.3582 -0.0318 0.0001 0.3933 -0.0056 
2000 0.0035 0.0114 0.0000 0.4325 -0.0506 0.0002 0.4708 -0.0074 

2001 -0.0062 0.0119 0.0000 0.4113 -0.0521 0.0002 0.4487 -0.0073 
2002 0.0028 0.0143 0.0000 0.4154 -0.0600 0.0002 0.4530 -0.0070 
2003 0.0066 0.0116 0.0000 0.4377 -0.0514 0.0002 0.4762 -0.0071 

2004 0.0247 0.0123 0.0000 0.4671 -0.0537 0.0002 0.5067 -0.0072 
2005 0.0084 0.0118 0.0000 0.4392 -0.0520 0.0002 0.4777 -0.0077 
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Table 5.  (Model IV) [continued] 

ηem ηmm ηlk ηek ηel ηmk ηml ηme 

0.2931 -0.0663 0.0666 0.0759 0.0299 0.0468 0.0177 -0.0002 
0.2687 -0.0683 0.0751 0.0849 0.0327 0.0541 0.0198 -0.0001 
0.2348 -0.0692 0.0836 0.0940 0.0400 0.0616 0.0257 -0.0001 

0.2586 -0.0688 0.0574 0.0662 0.0509 0.0390 0.0346 -0.0001 
0.2318 -0.0692 0.0679 0.0774 0.0537 0.0480 0.0370 -0.0001 
0.2168 -0.0688 0.0746 0.0844 0.0556 0.0537 0.0386 -0.0001 

0.2278 -0.0691 0.0725 0.0822 0.0524 0.0519 0.0359 -0.0001 
0.2261 -0.0691 0.0709 0.0806 0.0547 0.0506 0.0378 -0.0001 
0.2151 -0.0687 0.0894 0.1002 0.0457 0.0667 0.0303 -0.0001 

0.2092 -0.0684 0.0918 0.1027 0.0469 0.0688 0.0313 -0.0001 
0.1901 -0.0666 0.1149 0.1270 0.0407 0.0893 0.0262 -0.0001 
0.2366 -0.0692 0.0926 0.1035 0.0347 0.0695 0.0214 -0.0001 

0.2161 -0.0687 0.1077 0.1194 0.0338 0.0829 0.0207 -0.0001 
0.2159 -0.0687 0.0825 0.0928 0.0503 0.0606 0.0342 -0.0001 
0.1838 -0.0658 0.1131 0.1251 0.0447 0.0877 0.0295 -0.0001 

0.1957 -0.0672 0.1210 0.1334 0.0350 0.0948 0.0217 -0.0001 
0.2109 -0.0685 0.1136 0.1256 0.0328 0.0881 0.0199 -0.0001 
0.2482 -0.0691 0.0917 0.1026 0.0311 0.0687 0.0186 -0.0001 

0.3507 -0.0583 0.0537 0.0621 0.0235 0.0358 0.0128 -0.0001 
0.4102 -0.0458 0.0509 0.0591 0.0126 0.0334 0.0049 -0.0001 
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