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1.
Introduction 
  1.1 The main aim of this study is to estimate production functions for Soviet industry on the basis of the performance in the years 1951—1970. For this purpose different specifications and estimation procedures will be tried. First experiments indicated that the results diverge on a wide range. Therefore, we think it necessary to show possible implications of this fact. To evaluate the effects of different parameter estimates in production functions the growth potential of Soviet industry according to a very simple neo-classical model will be used as a paradigm. This does not necessarily imply that we think such a model is representative for a Soviet-type economy. However, the growth potential can very well serve to demonstrate the difficulties stemming from theerrors in estimated parameters.
. 
	(1)                         Y(t) = F(K,L,t) 

	(2)                          I(t) = Y(t) 

	(3)                     dK/dt  =  I(t) 

	(4)                     dL/dt  =  L(t)


Here Y, K, L, I  represent output. capital stock, labor and investment respectively   
             is the share of investment in total output and   
             is the rate of growth of labor force. 
  The growth path Y(t) apparently depends on  and the explicit form of production function F(K, L, t). The main problem in accomplishing our task is to obtain good estimates of the parameters of F(K, L, t). It is known that estimation of macroeconomic production functions for Soviet-type economies creates specific problems, because the absence of market mechanisms eliminates the possibility of using the so called marginal conditions. According to the established practice we shall, therefore, estimate the production functions directly, by regressing output on the quantities of capital and labor. To simplify our task, we shall estimate only production functions with constant elasticity of substitution and with Hicks neutral technical change, that is the CES production function:   
	(1a)  
	Y
	= 
	A(t) [K- + (1 - )L ]   


or its special form (for  = 0), the Cobb-Douglas production function                       
	(1b)  
	Y
	= 
	A(t)KL  


Some alternative assumptions about the form of A (t) will be used. 
 1.2 Defining a so called equilibrium rate of growth  ge as the rate of growth which maintains the capital-output ratio constant. Keeping  constant, we know that the actual rates of growth will asymptotically converge to  ge. When we call  ge the growth potential of the economy this has to be understood in a paradigmatic way. For it is perfectly clear that in the context of Soviet industry  cannot be taken constant ex ante. However, we are not interested in demonstrating how the deliberate choice of  by the policymaker influences growth,1) but rather in assessing the effects of different production function parameter estimates. 
  In the model (1) to (4) with the production function                  
	(1c)  
	Y(t) 
	= 
	A(t) F(K,L,t) 


the equilibrium rate of growth ge is given by   
	  (5)
	  ge
	= 
	(L + )/(1 - K)  


where    L  = (Y / L )( L /Y  ) , K  = (Y / K )( K /Y )   are respectively the labor elasticity and the  capital elasticity of output and  = dA/dt (1/A) is the rate of Hicks-neutral technical change.   
1.3 In the case of a unitary elasticity of substitution (i.e.  = 0), and a constant rate of technological change , the equilibrium rate of growth ge is constant. It follows from (1 b) and (5) that          
	  (5a)
	  ge
	= 
	 ((1 - )   


which for constant returns to scale  (= 1) can be simplified to   
	  (5b)
	  ge
	= 
	 + /(1 - ) 


The rate of technological change is very important for determining the long-run growth potential, however, the other parameters of the production function namely the elasticities  and  are important as well. This is very rarely acknowledged. Many economists tend to judge the growth potential of the economy only according to the ‘dynamic efficiency” which is frequently identified with the rate of technological change. The importance of the parameter  and  for the evaluation of the long run growth potential can be easily illustrated on the following example:  Suppose that we are comparing two economies A and B characterized by the Cobb-Douglas production function with the parameters:  
A:                  A  =  .2       A  =  .9   A  =  .045      
B:                   B  =  .7       B  =  .1  B  =  .025     
Let us further assume that the rate of growth of labor force is for both countries the same   
A  = B  =  .01  
Using the formula (5a) we find the growth potential of the economy B is greater than the growth potential of the economy A  
geB  =   .0866   >   .0675   =   geA 
although both the rate of technological change and the degree of economies of scale were greater in the economy A.
1.4.      The case in which the equilibrium rate of growth is not constant, is even more relevant for Soviet-type economies. Changes in ge may result from two different causes:  
(a)        The rate of technological progress may vary     
	  (6)
	   
	= 
	 (t).  


If we still assume that the elasticity of substitution is equal to 1 than the equilibrium rate of growth will be   
	  (7a)
	  ge(t)
	= 
	[+  (t)]/(1 –)  


ge(t) would be declining if (t)is declining and it would be increasing in the opposite case. In empirical studies it is usual to approximate  (t) by the linear function:               
	(6a)
	
(t)
	= 
	0  +  1 t.   


This approximation will be used also in the present paper. We should stress, however, that if the “true” function  (t) is nonlinear then the linear approximation (6a) may not be suitable for the long run forecast of economic growth, even if it explains the rates of growth in the observed period quite well. Obviously the discrepancy between the “true” function t and its linear approximation (6a) can become enormous at very high t’ s. Suppose, for example, that the. “true” function 
(t) is a monotonous decreasing function which asymptotically converges to a value * >  0. If  the function 
(t) (6a) is estimated from, let us say, 20 observations, then the estimated value of the parameter 0 will be positive end estimated value of 1 will be negative. The linear approximation of (t) extrapolated beyond the year  t =  -  0  /  1   would be negative and therefore inconsistent with the above assumption. 
(b) The equilibrium rate of  growth ge will not be constant if the elasticity of substitution is not equal to 1 (except for the very special case v = 1 and  =  1 - k     Suppose a production function (1a) with    0 and   =  (dA/dt)(1/A) > 0. In this case both output and capital stock would grow faster than labor if the economy is on the equilibrium path of growth. With    0 the capital elasticity of output is a function of the capital-labor ratio
	(8)

	K
	=
	 [1 + (1 –  (K/L) ] –1/   


In the case of low elasticity of substitution (i.e. if   > 0)  K   is declining along the equilibrium path. If on the contrary the elasticity of substitution is high (< 0) the capital elasti​city of output will increase. The labor elasticity of output L   will change in the opposite direction. Assuming constant  and  the equilibrium rate of growth (5) must be declining if the elasticity of substitution is less than 1 and it must be increasing if the elasticity of substitution is greater than 1. 
  2.Data
2.1 In our estimations, we used either the aggregate time series (1951-1970) for the total industry or the sectoral time series for ten major industrial branches (energy, fuels, ferrous metals, non-ferrous metals, machine-building, construction materials, wood and paper, chemicals, light in​dustry, food) of the following data2):   
(i) The gross value of output (excluding turnover tax) (Y),  
(ii) The stock of fixed assets at the beginning of the year (K),  
(iii) The number of employees (L) or alternatively the number of manhours (L*)   
The choice of gross value of output as the left hand variable may not be fully satisfactory from the theoretical point of view, however, it was inevitable because the data on net output were not available for industrial branches3)    
The fact that the intermediate inputs - including the intrabranch turnover - are part of the gross value of output, but do not appear on the right-hand side of the regression equa​tion would not really matter if the share of intermediate product in the gross value of output would remain constant over the whole observed period. It is, however, very unlikely that this would be the case.4)   
2.2. We have decided to use the official Soviet Statistics whenever possible and therefore we have accepted also the official Soviet prices as weights and the price indices as conversion factors to constant prices. This adds an additi​onal grave problem, namely that part of inflation which is disguised as improvements in the quality of goods and therefore hidden in the official Soviet price indices.5)    
Another difficult problem was created by variations in the degree of utilization of input factors. It has been recog​nized that the Soviet type economies undergo periodical fluctuations in their economic activities. The proper approach would be to subtract the unutilized portion of a factor before regression. Unfortunately we have not had enough information to do that. In the capitalist countries with the flexible labor market it can be assumed that the prevailing part of unutilized labor appears in the category of “unemployed” so that the data on employment do not contain any large unutilized labor. Under Soviet socialism the situ​ation is different: the rigid central planning and the strict labor laws make firing of workers almost impossible so that the downswings in economic activity results in a lower degree of utilization of employed labor rather than in increased unemployment.     
2.3. Probably the main obstacle is a very high degree of multicolinearity in data. The following correlation matrices very clearly indicate this difficulty. 
Table 1 Correlation matrix of the variables 
	 
	Y
	K 
	L 
	
t   

	Y 
	1.000
	.999 
	
.984 
	.980   

	K

	 
	1.000
	.982 
	.976 

	L


	 
	 
	1.000
	.998   


 

Table 2 Correlation matrix of logarithms of variables 
	 
	lnY
	lnK 
	lnL 
	
t   
	t2

	lnY 
	1.000
	.989 
	.998 
	.999 
	.957   

	lnK

	 
	1.000
	.999 
	
.999 
	.960   

	lnL


	 
	 
	1.000
	.998 
	.957   

	t
	 
	 
	 
	1.000
	
.970   


Multicolinearity is particularly severe in Soviet-type economies because centralized planning makes the economic growth relatively smooth so that the variables ln K and ln L are highly correlated with time. When the number of employees (L) is replaced by the number of manhours worked (L* ) the correlation coefficients are slightly diminished: 
	 
	lnY
	lnK 
	lnL 
	
t   
	t2

	lnL*
	1.000
	.976 
	.973 
	.978 
	
.959 


It may be interesting to note here that our set of data is almost identical with that of Weitzman (70, p.677), although it was derived in a somewhat different way. The correlation coefficient between the two output series is  .9998, between the two capital stock series it is  .9999. Naturally, the correlation matrix of Weitzman’s data shows a pattern similar to ours. 6) 
 3.
Some Methodological Problems 
3.1 The already mentioned multicolinearity makes it difficult if not totally impossible to separate the influence of technical progress from the influences of economies or diseconomies of scale and of capital and labor elasticities of output.  
Let us illustrate this well known problem on the following simplified example. Suppose that the production function has a form (1b) and that both capital and labor grow at constant rates  and  respectively. The production func​tion can be then written in the form:   
	(9)
	Y
	=
	A0 e t K0et L0e t +   


where e is the random disturbance.     
After simple manipulations (9) can be rearranged into   
	(10a)
	
lnY
	=
	a + gat + 


where  
	(l0b) 
	a
	=
	lnA0 +  lnK0 + lnL0



and  
	(10c)
	ga
	=
	   


The only obtainable information about the rate of technical progress  and the elasticities of output  and  is that their linear combination with weights 1,   and   must be equal to the average actual rate of growth g. This means that only the mutual relation of  and  given by (10c) is known but the correct values of individual parameters re​main undetermined. In other words, any set of parameters () which satisfies (10c) would give an equally good fit.   
Suppose for example that we choose purely arbitrarily the parameters  and . The estimated rate of technical change would then be 
	
(11a)
	

	=
	ga


For constant returns to scale (11a) can be simplified into   
	
(11b)
	

	=
	ga


The relations (11a) and (11b) represent the well known “trade off” between the estimated rate of technical chance and the estimated parameters  and . It is apparent that higher estimates of  and  imply lower estimates of .   

Each set of arbitrary parameters  and    satisfying (10c) is likely to produce  different estimate of the equilibrium rate of growth. Substituting  (11a) into (5a) we get 
     
  
 
	(12)
	ge  
	=
	(ga)/(1 - )   


Formula (12) shows that if multicolinearity is very high the growth potential of the economy cannot be uniquely determined. It can be expressed only conditionally with regard to the assumed value of  and implicitly of .    
3.2. It may be interesting to asses the bias in the estimated rate of technological change  and in the estimated growth potential ge resulting from the wrongly estimated parameters  and . The bias depends on the relation of the actual growth path, from which the observed data are derived, to the hypothetical equilibrium growth path.   
For the sake of simplicity, let us assume the nonstochastic case and suppose that we know the explicit form of the true production function 
	

	
Y
	=
	A0e .03t K .4 L .6




Let us further assume that the labor force grows at a con​stant rate  = .02. The equilibrium rate in this case is equal 

  

	ge  
	=
	
  + /(1 - )
	=
	.02 + .03/(1 - .4)
	=
	.07


Let us now investigate three cases. 

Case I:  The actual rate of growth of output and the rate of growth of capital are equal, i.e. the economy was on the equilibrium path 
	ga   
	=
	
	=
	.07


Case II: The rate of growth of capital is higher than the actual rate of growth of output  which can be derived from the true production function 
	
	=
	.09 
	
	ga 
	=
	.078


Case III: The rate of growth of capital is smaller than the actual growth 
	
	=
	.05 
	
	ga 
	=
	.062


Using (11b) we can calculate the estimated rates of technical progress  for various possible values of the parameter . 
	
	=
	.05 .05 *  

	
	
	   

	
	
	   



Diagram 1 shows the different interelationships of   and     which naturally intersect at the true values of and 

Using either (5b) or (12) we now can find the equilibrium rate of growth ge = ge () corresponding to each value of  and implicitly also of * Table 3 and Diagram 2 show the results
 

Table 3 
Case I
CaseII
CaseIII 
*
*I
ge*I
*II
ge*II
*III
ge*III
0.0
.05
.07
.058
.078
.042
.062
.2   
.04
.07
.044
.075
.036
.065
.4
      .03
.07
.03
.07
.030
.07
.6  
.02
.07
.0l6
.06
.024
.08
.8  
.0l
.07
.002
.03
.018
.11
.9
       .005      .07
-.005
-.03
.0l5
.17
.95
.0025
.07
-.0085
-.15
.0135
.29


We see that   

1. in case I the growth potential is unbiased even with high estimation errors in *.    
2. if the economy was above the equilibrium path in the ob​servation period (case II) an estimated capital elasticity of output higher than its true value will lead to an under​estimation of the growth potential:* >  =>    ge*  <  ge  and if the economy was below the equilibrium path during the observation period (case III) an underestimation of the capital elasticity will result in an overestimation of the growth potential: :* <  =>    ge*  >  ge  
3. the degree of bias in g*e resulting from the incorrectly estimated * is likely to be relatively small if   but it can become extremely large if   
3.3. The problem of multicolinearity may be avoided if the macroeconomic production function is estimated directly from sectoral data rather than from the aggregated time series Intuitively, this is a reasonable approach. Why should we lose the precious degree of freedom by aggregating sectoral data before we start with regressions. No new in​formation can be gained by aggregation, the only result being a reduced number of observations. The suggested method is usually described as a combination of cross-section and time-series analyses because it estimates the production functions from the “time-series of cross-sectional data”.  
The regression equations have an ordinary form, except that two subscripts, one for sector and one for the year are being used for each observation. For example the regression equation for the standard Cobb-Douglas production function with the constant rate of technical change would be 
	(13) 
	
lnYit 
	=
	 + 1n Kit +  ln Lit  +  t + it


The straight application of the ordinary least squares method to the pooled cross-section and time-series data may give statistically significant coefficients, however, the R2  is usually very low. This can be improved by introducing sectoral dummy-variables, defined in the following way: 
	
(14)

	Dijt  =  1  
	for i = j

	
	 Dijt = 0
	for i  j   


The regression equation has then the form
	(15)

	lnYi t
	=
	jj Dijt + 1n Kit +  ln Lit  +  t + it



The sectoral dummy variables capture the sectoral differences in the level of the factor productivity, which means that each sector has its own intercept  i   but they all do commonly share the slopes  and  and the shift coefficient. 
3.4. Sometimes it is impossible to maintain simultaneously the assumptions that the rate of the technological change is constant and the elasticity of substitution is equal to one. Suppose, that we observe a declining trend in the rates of growth of output, but relatively constant rates of growth of capital and labor. From the equation 
	
(16)
	dY/dt (1/Y)
	=
	  +  K  dK/dt (1/K)  + L  dL/dt (1/L) 



it is clear that the observed trends may be explained either by declining (t) or by changes in the elasticities  K  and L . The first approach would lead to the estimation of Cobb-Douglas production function with the trend in technological change, for example aproximated by (6a). The other approach leads to the estimation of production functions with a nonunitary elasticity of substitution, for example the CES production function (1a). Both approaches are likely to improve the fit, however, it may be very difficult to establish,  which of the approaches is better. The observed facts can usually be explained equally well by a declining rate of technological change or by a low elasticity of substitution.   
3.5 Another problem appearing in the time series approach as well as in the estimations from the pooled cross-section and time-series data, is the serial correlation in errors. It is known that with serially correlated errors the ordinary least squares method (OLS) does not yield the BLU estimator. However, the properties of the estimates can be improved if the variables are transformed by the first order autore​gressive coefficients. Because the OLS estimates of auto​regressive coefficients are biased, it is sometimes necessary to repeat the transformations several times before the serial correlation is fully eliminated.  
A similar procedure can be applied also in estimations from pooled cross-section and time-series data. In this case it is useful to assume a second order autoregressive process and to estimate the coefficients separately for each cross-sectional unit (industrial branch).     
3.6 The parameters of the CES production function were estimated by a nonlinear regression program based on Marquardt’s algorithm (see Marquardt, D.W.(63)). (Technical description of the Marquardt’s algorithm was omitted ) 
 

4.
Estimations of Production functions 
4.1 In this section the estimates of several alternative forms of macroeconomic production functions will be reported. The variants of Cobb-Douglas production functions were esti​mated by linear regression from logarithms of the observed data. For each variant we shall compare the results obtained from aggregated time-series (LATS) and from pooled cross-section and time-series (CS-TS) data. The number of observations In the LATS approach was 20 (1951 - 1970). However, during the successive transformation to eliminate serial correlation one or two degrees of freedom may have been lost. For LATS approach we shall report only results ob​tained from the transformed data.   
The number of observations in the CS-TS approach was 200 (10 sectors and 20 years). After the transformations to eliminate autocorrelation, the number of degrees of freedom was reduced by 20. In the CS-TS case we report also the results obtained before the transformation of variables by the straight application of OLS without and with sectoral dummy variables. It should be mentioned here that the autoregressive, coefficients (AC) reported for the CS-TS estimates are the first order autoregressive coefficients calculated simultaneously from all the sectoral time series to indicate the degree of autocorrelation in the whole model. They differ from the second order autoregressive coefficients calculated separately for each sector, which were used for the transformation of variables. D-W stands for the Durbin-Watson statistic, and SER for the standard error of regression.      
4.2       Table 5 shows the estimates of the first and most simple variant of the Cobb-Douglas production function 
	(21)
	Y/L
	
=
	A (K/L)  e 



Table 5
	 

Variant
 
	*
	R2
	DW
	AC
	SER

	 

1a
 
	 

LATS
	 

with L
	 

.742
 

(,064)
 
	 

.893
	 

2.1
	 

-.05
	  

	 

1b
 
	 

LATS
	 

with L*
	 

.775
 

(.045)
 
	 

.948
	 

2.1

	 

-.03
	  

	 

1c
 
	 

CS-TS
	 

OLS
	 

.285
 

(.050)
 
	 

.208
	 

.1
	 

.95
	 

.474

	 

1d
 
	 

CS-TS
	 

dum.
	 

.752 
 

(.057)
 
	 

.961
	 

.3
	 

.84
	 

.108

	 

1e
 
	 

CS-TS
	 

trans.vars.
	 

.704 
 

(.123)
 
	 

.93
	 

2.1
	 

-.05
	 

.002


Except for the first step in the CS-TS approach all the estimates of  are similar. The very high value of * is explainable here by the fact that no technical change was included in the model. It is to be noticed that in the CS-TS approach the use of sectoral dummies improved R2 considerably and the transformation of variables eliminated autocorrelation. The transformation increased the standard error of the estimated coefficient .  
Table 6 brings estimates of the model 
	(22)
	Y
	
=
	A KLe   



Table 6 
	 

Variant
 
	 

*
	 

*
	 

*
	 

R2
	 

DW
	 

AC
	 

SER

	 

2a
 
	 

LATS
	 

with L
	 

.722
 

(.094)
 
	 

.304
 

(.282)
	 

1.026
	 

.976
	 

1.9
	 

-.04
	  

	 

2b
 
	 

LATS
	 

with L*
	 

.766
 

(.054)
 
	 

.275
 

(.167)
	 

l.042
	 

.967
	 

2.1
	 

-.03
	  

	 

2c
 
	 

CS-TS
	 

OLS
	 

.365
 

(.063)
 
	 

.774
 

(.058)
	 

1.139
	 

.584
	 

.1
	 

.96
	 

.465

	 

2d
 
	 

CS-TS
	 

dum.
	 

.554
 

(.103)
 
	 

.848
 

(.267)
	 

l.402
	 

.984
	 

.3
	 

.84
	 

.095

	 

2e
 
	 

CS-TS
	 

trans. 
 


vars.
 
	 

.602
 

(.643)
	 

541
 

(.226)
	 

1.143
	 

.999
	 

1.2
	 

-.17
	 

.002


The LATS approach provides high estimates of the capital elasticity of output and relatively low estimates of the labor elasticity of output. On the other hand the CS-TS approach seems to indicate more normal. relations. LATS indicates almost constant returns to scale while the CS-TS approach shows economies of scale. ​The next model contains the Hicks-neutral technical change and assumes constant returns to scale.
	(23)
	Y/L
	
=
	A (K/L)  e t + 



Table 7 
	 

Variant
 
	 

*
	 

*
	R2
	DW
	AC
	SER

	 

3a
 
	 

LATS
	 

with L
	 

.458
 

(.181)
 
	 

.020
 

(.012)
	.900
	2.0
	-.02
	  

	 

3b
 
	 

LATS
	 

with L*
	 

.628
 

(.119)
 
	 

.012
 

(.009)
	.947
	2.0
	-.02
	  

	 

31c
 
	 

CS-TS
	 

OLS
	 

.193
 

(.052)
 
	 

.042
 

(.009)
	.386
	.01
	.96
	.418

	 

3d
 
	 

CS-TS
	 

dum.
	 

.142
 

(.195)
 
	 

,045
 

(.013)
	.978 
	.3
	.84
	.081

	 

3e
 
	 

CS-TS
	 

trans. 

vars.
	 

.319
 

(.400)
 
	 

.033
 

(.030)
	 

.994
 
	2.2
	-.04
	.002


There is a visible discrepancy between LATS and CS-TS approaches. The LATS estimates of  are considerably higher and the estimates of  considerably smaller than the estimates of the respective coefficients obtained by the CS-TS method. 
The following model allows for a .time trend and elasticities of scale: 
	(24)
	Y
	
=
	A KL e t + 



Table 8 
	Variant
	*
	*
	*
	*
	R2
	DW
	AC
	SER

	4a
	LATS
	with L
	.700
(.320)
	.430
(.270)
	1.120
	-.014
(.003)
	.990
	2.0
	-.04
	  

	4c
	CS-TS
	OLS
	.070
(.087)
	.888
(.054)
	.958
	.055
(.012)
	.673
	.1
	.96
	.413

	4d
	CS-TS
	dum.
	.135
(.181) 
	1.069
(.255)
	1.204
	.038
(.014)
	.989
	.3
	.84
	.077

	4e
	CS-TS
	trans. vars.
	.330 
(.426)
	.636
(.555)
	.966
	.030
(.036)
	.999
	2.1
	-.07
	 .002


The discrepancy between LATS and CS-TS results is again apparent. While the LATS approach estimates a very high and slightly negative rate of technical change, the CS-TS approach gives relatively low  and a rate of technical change between 3 and 5.5 per cent. No clear conclusions about the returns to scale can be made. 
The last two models of the CD-production function were estimated with a linear trend in the rate of technical change. The first variant assumed constant returns to scale 
	(25)
	Y/L
	
=
	A (K/L)  exp( ot +  ½ 1t2 + 



Table 9 
	Variant
	*
	*
	*
	R2
	DW
	AC
	SER

	5a
	LATS
	with L
	.521
(.181)
	-.033
(.022)
	.003
(.00l)
	.969
	2.0
	-.04
	  

	5b
	LATS
	with L*
	.727
(.133)
	-.027
(.030)
	.002
(.0015)
	.965
	2.0
	-.04
	  

	5c
	CS-TS
	OLS
	.183
(.034)
	.059
(.003)
	-.00l6
(.003l)
	.425
	.1
	.96
	.419

	5d
	CS-TS
	dum.
	.125
(.182)
	.063
(.020)
	-.00l6
(.00l3)
	.980
	.3
	.83
	.077

	5e
	CS-TS
	trans.vars.
	.338
(.430)
	.039
(.049)
	-.0009
(.0028)
	.996
	2.1
	-.07 
	.002


This variant gives interesting results. Firstly, we see a similar pattern as before in the estimation of . The LATS estimates are high, while the CS-TS estimates are rather low. Secondly, we see a quite clear although not always statistically significant trend in the rate of technological change. The sign of the trend is different in LATS and CS-TS approaches. In the LATS estimates the initial rate of technological change 0 is negative (about -3 percent) while the rate of technological change is increasing by about . 2 to .3 percent annually so that it would reach + 2 percent at the end of the observed period. The 1951-1970 average would be slightly below zero, as in the preceding model (4a).   
On the contrary the CS-TS approach shows a relatively high initial rate of technological change (4-6 percent) declining by .09 to .16 percent annually. This means that the rate of technical change would be down to approximately 2 percent at the end of the observed period (1970). The average rate of technical change in the whole period would be 3 - 4 per cent.   

Finally the similar model was repeated with relaxed assump​tions about the returns to scale.

	(26)
	Y
	
=
	A KL exp( ot +  ½1t2 + 



Table 10 
	Variant
	*
	
	
	*
	*
	R2
	DW
	AC
	SER

	6c
	CS-TS
	OLS
	.068
(.087)
	.788
(.054)
	.856
  
	.074
(.035)
	-0018
(.003l)
	.208
	.1
	.95
	.474

	6d
	CS-TS
	dum.
	.121
(.179)  
	1.060
(.250)
	1.180
  
	.055
(.021)  
	-.00l4
(.00l3)
	.990
	.3
	.83
	.074

	6e
	CS-TS
	trans. 

vars.
	.335
(.438)  
	.630
(.540)
	.965
  
	.041
(.053)
	-.0010
(.0027)
	.999
	2.1
	-.05
	.002



The results shown in the Table l0 are consistent with the previous findings of the CS-TS approach although they are statistically not significant. The capital elasticity of output is rather low, re​turns to scale around 1, the rate of technical change was initially quite high but it has been declining by .1 - .2 per cent annually.  
For a general conclusion of the tables 5 through 10 we may state that  
1. the use of man-hours instead of man-years diminishes the standard errors of the factor elasticities of production. The dummies and transformed variables improve the R2 statistic in the CS-TS approach but increase the standard errors of the parameters so drastically as to make them statistically insignificant;
2. the LATS approach produced relatively high values of the capital elasticity of production together with low estimates for the time trend, sometimes even negative ones. The CS-TS approach, on the other hand, favors in the trade off between the capital production elasticity and the time trend the latter;
3. where the time trend was allowed to vary, the LATS approach lead to a negative initial value and a rising rate of change while the CS-TS approach gave the opposite result. In both cases the value of the rate of change was about 2 per cent at the end of the period (1970). The consequences which these two different sets of results would have for our understanding of Soviet industrial growth during the 50s and the 60s should not be overlooked;
4.
it may be interesting to compare the variants 3e, 4e, 5e and 6e.The estimated parameters of these variants are very close to each other and seem quite reasonable, although they all are statistically not significant. The capital elasticity of output is in all four cases between .32 and .34, the average rate of technical change is close to 3 per cent and shows in the last two models a declining trend of about .1 per cent annually.     
4.3
The results of our estimates clearly illustrate the trade-off between the estimates of the rate of technical change and the estimates of the capital elasticity of output . Whenever  was small the rate of technical change  was relatively high, whenever  was high the estimated rate of technical change was small. This conforms with our expectations. The “trade-off” curve between  and  is clearly visible, in the Diagramm 3:
  



  

It depicts all the relevant pairs () from Tables 7,8,9 and 10. The LATS approach favors high values of  and low values of , the CS-TS approach with the variables not corrected for serial correlation in the errors tends to high values of  and very low values of . The CS-TS approach with the  values close to .33 and the  values close to .03, seems to be economically most meaningful. It is hard, if not impossible to say which pair represents the “true values of  and .   4.4 The CES production functions were estimated only from the aggregate time-series using the nonlinear regression (NLATS). Four variants (numbered 7,8,9, and 10) of the function (la) were estimated (see Table 11). The variants 7 and 8 assumed constant returns to scale ( = 1) and the variants 7 and 9 assumed no technical change ( 0). The most interesting for us are therefore variants 8 and l0. Each variant was estimated in two subvariants using either the number of employees (L) or the number of man-hours worked (L* ).  Unlike the preceding section, where the estimates of the constant A are not  reported, we do report them here. Although A is dependent on the units of measurement and difficult to interpret economically, it can be compared for the different models presented. Instead of parameter  we report directly the estimated value of the elasticity of substitution  = 1/(1+).
Table 11 
	Variant
	A*
	
	
	*
	
	R2

	7a
	with L
	1.07
(.033)
	.84
(.061)
	.60
(.63)
	  
	  
	.9996

	7b
	with L*
	1.06
(.033)
	.84
(.061)
	.60
(.63)
	  
	  
	.9995

	8a
	with L
	.95
(.035)
	.67
(.16)
	.17
(.10)
	.043
(.028)
	  
	.9988

	8b
	with L*
	1.06
(.055)
	.87
(.11)
	.56
(.43)
	.013
(.015)
	  
	.9971

	9a
	with L
	.08
(.20)
	.40
(.29)
	.65
(.66)
	  
	1.53
(.50)
	.9976

	9b
	with L*
	1.76
(1.45)
	.97
(.17)
	.50
(1.25)
	  
	.89
(.17)
	.9972

	10a
	with L
	11.76
(12.51)
	.98
(.073)
	.11
(.11)
	.059
(.010)
	.46
(.23)
	.9977

	10b
	with L*
	20.87
(12.36)
	.99
(.013)
	.10
(.13)
	.065
(.007)
	.46
(.12)
	.9977



Comparing these results with those of similar estimations (Weitzman, Kellman and Perez) we do not find any important discrepancies for the corresponding models with the only exception of the standard errors. These are much higher in our estimates than in those using the Weitzman data. Given the almost perfect correlation of the two sets of data, this is somewhat puzzling. 
Table 12 Output Elasticities of Capital and Labor
(Calculated from the Estimated Parameters of the CES Production Function)
	 
	
7a
	
8a
	
9a
	10a

	  Year
	K
	L
	K
	L
	K
	L
	K
	L 

	 1951
	 .8353
	 .1647
	 .6115
	 .3885
	 .6017
	.9233

	.4461
	.0139

	 1955

	.8093
	.1907
	.2992
	 .7008

	5500
	.9799

	.3621
	 .0979

	 1960

	.7683
	 .2317
	 .0656
	 .9344
	 .4821
	1.0479
	.0720
	.3880

	 1965
	.7267
	.2733
	.0137
	 .9863
	.4252
	1.1018
	.0058
	 .4542

	 1970
	.6891
	.3109
	.0037
	.9963
	.3816
	1.1484
	 .0006
	.4594

	average
	.7683
	.2317
	 .1626
	 .8174
	 .4899
	 1.040l
	 .1699
	.2901


 

	 
	
7b
	
8b
	
9b
	10b

	  Year
	K
	L
	K
	L
	K
	L
	K
	L 

	 1951
	.8350
	.1650
	.8650
	.1350
	.8618
	.0282
	.3246
	.0054

	 1955

	.8081
	.1919
	.8377
	.1623
	.8533
	.0367
	.2756
	.0544

	 1960

	.7473
	.2527
	.7729
	.2271
	.8293
	.0607
	.0135
	.3165

	 1965
	.7029
	.2971
	.7235
	.2765
	.8075
	.0825
	.0007
	.3293

	 1970
	.6642
	.3358
	.6793
	.3207
	.7850
	.1050
	.0001
	.3299

	average
	.7540
	.2454
	.7793
	.2207
	.8295
	.0605
	.1168
	.2132


The results of variant 10 should be left out of consideration. For if it is nearly impossible to separate the influence of two variables this will be all the more true for three if no further information is supplied. Also it was difficult to make this model converge. Regarding the remaining six estimates we find that the elasticity of substitution is with one exception around .6. The standard deviation, however, is so high that neither the Cobb-Douglas nor the Leontief cases can be excluded. As a consequence of the low  and of the increasing capital labor ratio the capital elasticity of production K is declining and the labor elasticity of production  L is increasing in all cases (see Table 12). Like in the LATS approach the average value of  K is very high in the NLATS approach except for the two cases 8a and 9a where high parameters for the time trend or for returns to scale have been estimated. The trade-off between the rate of change of efficiency and the capital elasti​city of production evidently holds true also in the CES model.
5. Conclusions  
Comparing the results obtained from all the estimated variants of production functions, we can make the following conclusions:  
1. All three approaches used give very good fits as measured by the R2  statistic, namely the linear regression from aggregate time series (LATS), the linear regression from pooled cross-section and time series data (CS-TS), both, however, only after correcting the data for the first order autocorrelation in the error, and the nonlinear regression from aggregated time series (NLATS). Yet the estimated coefficients are frequently not statistically significant on any reasonable level. The estimated values of the parameters also vary widely according to the chosen approach and model.  
2. In the models with no technical progress, the estimated capital elasticities are generally very high (around .7) . This is not surprising, because in those cases the growing capital output ratio becomes a proxy for the time trend and, therefore, capital takes the effect of technical change on itself. In the models with technical change, the estimated capital elasticities differ according to the approach used. In the LATS and NLATS approaches the capital elasticity is unusually high, in the CS-TS approaches it is normal or very low.  
3. No clear-cut conclusions about returns to scale can be made. Some variants indicate economies, others diseconomies of scale. Frequently the deviation of  from unity is small and statistically insignificant. This is not true for NLATS estimates the nonlinear estimates of  are not very reliable. All that leads us to the conclusion that the best thing may be to assume constant returns to scale. 
4. The estimates of the average rate of technical change vary between -.01 and 6.5 percent. Low estimates of are combined with unusually high estimates at  and vice versa, and very high estimates of  are combined with unrealistically low returns to scale (variant 10). If we have preconceptions about realistic values of , we are able to make conclusions about the rate of technical change in Soviet industry, For instance, if we accept the estimates of  between .32 and .34 on a priori grounds, the rate of technical change is 3  - 3.3 percent annually. If we think that estimates of between .45 and .6 are “better”, the rate of technical change in Soviet industry is reduced to 1.2 — 2 per cent. If we have no idea about “good” values of , the whole exercise results only in estimated pairs of  and . And no conclusions about the actual rate of technical progress can be made
5. The CS-TS estimates of the CD production function with a variable rate of technical change (variants 5c,d,e and 6c,d,e) lead to a trend declining .1 to .2 percent annually. Although the estimates of 1 are not significantly different from 0 theexistence of such a trend seems plausible. It is not very likely that such a linear decline in the rate of technical change would continue forever. More, likely the declining trend would lose its power so that the rate of technical change may level on a new, lower level, The opposite result as of the LATS approach (variants 5 a, b) cannot be called completely implausible either: the declining rate of growth in Soviet industry will be explained in this case by reduced increases of factor inputs together with an average negative time trend which, however, is improving over the whole period.  6.The same fact can be explained by an elasticity of substi​tution smaller than one. Unfortunately the quality of NLATS estimates is not good enough to justify any definite con​clusion about the exact value of the elasticity of substitution.   
Finally, the different results for the parameter values of and  will have a certain effect upon the estimated growth potential, as was laid down in section 3.2. For the period of observation l951-1970 the instantaneous rates of growth have been for industrial output g = .0854, for capital stock = 964, and for labor (number of workers and employees) = .0332. That is to say, we observed a situation of Case  II. 

Solving with this set of data equations (5b) and (11b), we get the range of the equilibrium rates of growth of labor productivity ( for different values of  (see Diagram 4)   
If our uncertainty about the “true value” of  is restricted to the area between .3 and .65, as may be suggested from the above estimates, the equilibrium growth of labor productivity will vary between 4.7 and 3.2 per cent. A span of uncertainty of about 1.5 percentage points should not be too serious. It would be premature to judge from the equilibrium rate of growth upon the actual future rate of growth of labor pro​ductivity. 
 For Soviet economic policy is (certainly not completely) free to choose a rate of growth for capital that it thinks appropriate or necessary. This all the more since we are dealing with only one sector of the economy. Projections should rather be made directly with probable rates of growth of the productive factors and the estimated production functions. However, if for instance, the Soviet planners envisage a rise in industrial labor productivity of more than 6 percent as they do in the Five Year Plan 1971-1975, we may conclude from the above that they will need a further increase in the rate of accumulation in industry to implement the plan. 
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FOOTNOTES 
1) More ample discussion of growth in socialist economies can be found in Laski (72).    
2) For the detailed description of data see Wagener (73) 
3)    The methods of reconstructing the time series by weighting the gross output indices by some hypo​thetical value added weights as used for example by Weitzmann (70, 690) does not help very much because it does not really eliminate the impact of changes in the share of intermediate product in total output.       
4)    The data on intermediate output are known only for the aggregate series (not for individual branches) and they are not very reliable, because it was impossible to fully eliminate the impact of turnover tax. Nevertheless, it may be interesting to mention that the share of intermediate product in the total output - both measured in current prices - had been increasing in the years 1953 -1955 but it has: remained constant after 1966. Earlier data are not available. Cf. Narkhoz 62, p.64, Narkhoz 70, pp.60, 534, Vainshtein(69), p.111.    
5)          For the critique of this practice, see Vainshtein (69) pp.l00, 132, 133.       
 6)          The correlation matrix of   Weitzman’s data is:
                                 Y              K                L*              t 
         Y             1.000           .999          .977            .984 
         K                               1.000          .976            .978 
         L*                                                1.000           .964    
======================================= 
