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	INTRODUCTION

	During the 1960s most of the countries of Eastern Europe experienced a visible retardation of economic growth. The investigation of this phenomenon lead many Eastern as well as Western economists to the conclusion that the retardation was caused primarily by declining rates of growth of the total factor productivity. Originally, the factor productivity was measured by traditional index methods, however, more recently several attempts were made to estimate the rate of growth of the total factor productivity from macroeconomic production functions (see Tlusty-Strnad , Hajek-Toms , Rychetnik , Brown​Neuberger-Licari , Desai , Weitzman , Toda , Hocke-Kyn-Wagener . Incidentally the production function approach lead some authors (Weitzman, Desai, Brown-Neuberger--Licari) to the suggestions that the low elasticity of substitution may be an alternative explanation of retardation.

	Most of the work on the estimation of production functions was done for the Soviet Union. Those few studies which concentrated on the other East European countries came frequently to statistically insignificant results. The reasons are well known: small number of observations and an extremely high degree of multicollinearity. In one of our previous papers (Kyn-Kyn ) we tried to demonstrate, that this obstacles can be overcome by estimating the production functions from the pooled cross-section and time series data. By doing so we received economically reasonable and statistically significant estimates of the capital and labor elasticities, and of the rate of technical change for Poland, Czechoslovakia, Hungary, Bulgaria and Rumania. Our estimates did show a clear declining trend in the rate of technical change at least for some of the mentioned countries, but it did not unambiguously support the hypothesis of low elasticity of substitution.

	DATA

	The estimation from pooled cross-section and time series data has two obvious advantages: the number of observations is considerably increased and the multicollinearity is for all practical purposes avoided. However, one new problem arises: the traditional assumptions of homoscedastic and serially uncorrelated random disturbance cannot be maintained. In the above mentioned paper we did not pay any attention to this problem and applied the ordinary least squares method. In this paper we present the estimated macroeconomic production functions from the pooled data using the stepwise procedure in which the autocorrelation and heteroscedasticity is eliminated by transformation of variables. 
Our intention to use the “combination approach” was facilitated by the fact that the official statistical sources in the East European countries provide almost all needed data in the similar classification into sectors and industrial branches1. Our basic observations are for each country cross-sectionally divided into 15—16 industrial branches and are available for approximately 20 post-war years as shown in Table 1.   

	Table 1.
Country
Period
Number 
of Years
Number of
Branches
Number of
Observat.
Czechoslovakia
1948—1967
20
15
300
Poland
1956—1968
13
15
195
Hungary
1950—1968
19
15
285
Bulgaria
1948—1968
21
15
315
Rumania
1950—1969
20
16
320


	 

The observations are:  
Yit   Gross value of industrial output in constant prices
Kit
Undepreciated stock of fixed capital (buildings, constructions,
         machines and equipment) in constant prices and
Lit
Average annual number of workers or alternatively 
       number of man hours worked.2
 The subscripts i and t refer to branch and year respectively. 

	All the data are related only to the “socialist” or “state” sector and cover the industrial production in the East European definition, i. e. including mining but excluding the building industry. Naturally, agriculture, transportation, trade and services are also excluded. 
 The above data were chosen solely on the basis of availability. Of course, it would be desirable to have data covering the whole economy, i. e. including private establishments and non-industrial sectors, and use GNP or national income as a measure of output. Such data are not readily available and especially not in the breakdown by sectors and industrial branches. 

	The data on gross value of industrial output and on labor could have been taken directly from the official East European statistical sources without great problems. Only the standard adjustments for organizational and price changes and estimation of few missing observations was needed. Much greater problem was with capital stock data, which in some cases had to be reconstructed from gross investment, without knowing the actual deterioration ratio. In the case of Poland and Czechoslovakia the capital stock was also adjusted for the degree of utilization.3 For these and other reasons we feel that the Czechoslovak and Polish capital stock data are relatively more reliable than those for the other three countries. The least we trust our estimates of Rumanian capital stock, because here we had very little information to start with. The labor data seem to be quite reliable, but the gross value of output data suffer apparently by the known disease of the East European statistics: the price bias due to the “inflation of constant prices”. This is likely to produce an upward bias in the estimate of the rate of technical change.


 

 

	In this paper we shall limit our attention to the Cobb-Douglas production function with constant returns to scale and four alternative specifications of Hicks-neutral disembodied technical change: 

	Y 
=
AK L1 - exp(t)
Model
(1)
Y
=

AK L1 - exp[t  + (1/2)t2]
Model

(2)
Y
=
AK L1 - exp(t + vt)
Model

(3)
Y
=

AK L1 - exp[t  + (1/2)t2 + vt ]
Model

(4)


	The variable vt appearing in models (3) and (4) is a special variable designed to catch the impact of cyclical fluctuations in the rate of change of the total factor productivity 

It is defined in the following way: 






vt =   g
where gt = 1, if t is a recession year and gt = 0 if t is a normal year.

	The economic meaning of the parameters is straightforward: 
A
is the initial level of the total factor productivity, i. e. the level in the year to. This parameter is of little interest for us, because it depends on units of measurement and cannot be directly compared between different countries.

is the capital elasticity of output, which should not be interpreted as a factor share of capital, because the neo​classical theory of distribution is hardly applicable to the Soviet-type economic systems.

in the model (1) is an average annual rate of technical change or the rate of change of the total factor productivity4 in a given country. It captures the trend values in data, which cannot be attributed to conventionally measured capital or labor. In addition to the true effect of technical change it may reflect the impact of data distortions as for example the hidden inflation mentioned above.
 o 
and 
1
in the model (2) are based on the assumption that the rate of technical change (t) is a linear function of time:            
(t)  =   o +  1t
Apparently o is the rate of technical change at the beginning of the observed period while  1  is the annual increment or decrement of the rate of technical change.

in the models (3) and (4) measures the difference of the rate of change of the total factor productivity in normal and recession years. In the model (3) this rate would be  in normal years and   in recession years. In the model (4)  represents a deviation of the linear trend in recession years from the trend in normal years. In both cases we expect  to be negative.


	The assumption of linear trend in the rate of technical change — models (2) and (4) — is, of course, very crude; such a model can represent only a very rough approximation of reality, but it still may be by far superior to even cruder assumptions underlying the model (1). If the estimates of parameters 1 and  turn to be significant, the hypothesis of the constant rate of technical change will have to be rejected in favor of declining and/or cyclically fluctuating rate of technical change. 


	ESTIMATION METHOD

	All the production functions were estimated in “per capita” form and in logarithmic transformation, that is by using the regression equation (i) or the regression equations obtained by deleting either t2 or vt or both from (i) 
         
yit =  + kit +  ot  +  11/2 t2 +  vt + it  
                           (i) 
where


yit 
=
log(Yit/Lit) 
  kit 
=
log(Kit/Lit).


	The literature on pooling cross-sectional and time series data5 suggests that the random disturbance it may be composed of two or more additive components, be cross-sectionally heteroscedastic and be time-wise auto​regressive. 
This clearly happened in our case. We shall therefore make the following assumptions 
it    =   i + *it


(a)
where i  and *it are normally and independently distributed random variables of which we assume
E(i) = 0,    E(i 2) =   2    ,  E(i j) = 0   for j  i

(b)
*it  =   i(1)*it-1  +   i(2)*it-2  +  **it    
(c)


	We further assume, that the random disturbances **it    are normally distributed and cross-sectionally as well as time-wise independent. We do, however, assume that they are cross-sectionally heteroscedastic, so that for each i 
E(**it)  =  0,   E(**it 2)   =   2i,   E(**it    **js    ) = 0    for s  t

(d) 
It is to be noted that the autoregression coefficients  i(1) and i(2) are assumed to be specific to each sector. As a result, the random disturbance would be heteroscedastic, even if  **it    was not. 
Assuming    |i(1) + i(2)|  < 1, the variance of  *it    will be 
  
var(*it )  =   2i  /[1 - (i(1) + i(2)) ]


	It is to be expected, therefore, that the removal of serial correlation in sectors will considerably diminish the cross-sectional heteroscedasticity. In estimating our production functions we have chosen the standard procedure of removing the sectoral error components by introducing sectoral dummy variables — i. e. allowing for differentiated intercepts of regression lines — and removing the autocorrelation and heteroscedasticity by transforming variables. 


	REGRESSION RESULTS

	First, we have run the ordinary least squares  regressions of the equation (i). The results are shown in Table 2. Note that the regressions were run with constant, but the estimated constants are not reported.

	Table 2 
 First Step Estimates of Production Functions for East European Countries 
 

Country  Model





No. of
Obs.
R2
DW
Stat.
SSR
SER
F
Czechosl.
.171
.0610
-
-
-
300 
.5784 
.1879
43.4481 
.3825 
203.72
Model (1) 
(.017) 
(.0039) 
- 
- 
- 
  
  
  
  
  
  
Czechosl. 
.171 
- 
.1035 
-.00404 
- 
300 
.5888 
.1904 
42.3723 
.3784 
141.19 
Model (2) 
(.017) 
- 
(.0160) 
(.00147) 
- 
  
  
  
  
  
  
Czechosl. 
.171 
.0827 
- 
- 
-.0650 
300 
.5846 
.1874 
42.8094 
.3803 
138.76 
Model (3) 
(.017) 
(.0108) 
- 
- 
(.0310) 
  
  
  
  
  
  
Czechosl. 
.171 
- 
.1042 
-.00338 
-.0236 
300 
.5894 
.1889 
42.3174 
.3787 
105.86 
Model (4) 
(.017) 
- 
(.0160) 
(.00182) 
(.0381) 
  
  
  
  
  
  
Poland 
.239 
.0473 
- 
- 
- 
195 
.3812 
.2027 
31.8419 
.4072 
59.14 
Model (1) 
(.030) 
(.0079) 
- 
- 
- 
  
  
  
  
  
  
Poland 
.239 
- 
.0669 
-.00281 
- 
195 
.3812 
.2027 
31.7828 
.4079 
39.22 
Model (2) 
(.030) 
- 
(.0339) 
(.00471) 
- 
  
  
  
  
  
  
Hungary 
.296 
.0325 
- 
- 
- 
285 
.4421 
.1975 
44.4076 
.3968 
111.73 
Model (1) 
(.025) 
(.0043) 
- 
- 
- 
  
  
  
  
  
  
Hungary 
.296 
- 
.0231 
.00094 
- 
285 
.4426 
.1983 
44.3627 
.3973 
74.37 
Model (2) 
(.025) 
- 
(.0181) 
(.00176) 
- 
  
  
  
  
  
  
Bulgaria 
.103 
.0629 
- 
- 
- 
315 
.5174 
.2351 
53.7748 
.4152 
161.89 
Model (1) 
(.022) 
(.0040) 
- 
- 
- 
  
  
  
  
  
  
Bulgaria 
.103 
- 
.0823 
-.00176 
- 
315 
.5198 
.2355 
53.5127 
.4148 
108.61 
Model (2) 
(.022) 
- 
(.0162) 
(.00143) 
- 
  
  
  
  
  
  
Rumania 
.115 
.0592 
- 
- 
- 
320 
.2175 
.1311 
175.4076 
.7438 
44.06 
Model (1) 
(.035) 
(.0073) 
- 
- 
- 
  
  
  
  
  
  
Rumania 
.115 
- 
.0592 
.00061 
- 
320 
.2176 
.1312 
175.3816 
.7450 
29.28 
Model (2) 
(.035) 
- 
(.0304) 
(.00281) 
  
  
  
  
  
  
  


	Second, we have repeated the same regressions with added sectoral dummy variable i. e. we estimated the equation 
yit =  +   j=2 j dij + kit +  ot +   11/2 t2 +  vt + it                                 
(ii) 
      
where
dij
=
1
for  i = j
 

=
0
for  i  j
0        
 

Table 3 
Second Step Estimates of Production for East European Countries 
With dummy variables to eliminate difference in the level of factor productivity among brandies of industry. 
Country  Model





No. of Observ.
R2
DW
SSR
SER
F
Czechosl.
.196
.0601
 

 

 

300
.9543
.4295
4.7053
.1289
370.65
Model (1) 
(.066) 
(.0026) 
  
  
  
  
  
  
  
  
  
Czechosl. 
.174 
- 
.1033 
-.00404 
- 
300 
.9648 
.5306 
3.6319 
.1135 
456.28 
Model (2) 
(.058) 
  
(.0053) 
(.00044) 
  
  
  
  
  
  
  
Czechosl. 
.198 
.0812 
- 
- 
-.0650 
300 
.9605 
.4647 
4.0663 
.1201 
404.80 
Model (3) 
(.061) 
(.0040) 
  
  
(.0098) 
  
  
  
  
  
  
Czechosl. 
.178 
- 
.1039 
-.00338 
-.0236 
300 
.9653 
.5191 
3.5768 
.1128 
435.82 
Model (4) 
(.058) 
  
(.0052) 
(.00054) 
(.0114) 
  
  
  
  
  
  
Poland 
.481 
.0366 
- 
- 
- 
195 
.9764 
.6483 
1.2142 
.0826 
462.86 
Model (1) 
(.076) 
(.0037) 
  
  
  
  
  
  
  
  
  
Poland 
.442 
- 
.0541 
-.00225 
- 
195 
.9771 
.6599 
1.1779 
.0816 
446.76 
Model (2) 
(.077) 
  
(.0083) 
(.00096) 
  
  
  
  
  
  
  
Hungary 
.256 
.0335 
- 
- 
- 
285 
.9522 
.7967 
3.8046 
.1191 
334.91 
Model (1) 
(.030) 
(.0015) 
  
  
  
  
  
  
  
  
  
Hungary 
.237 
- 
.0218 
.00121 
- 
285 
.9531 
.8089 
3.7348 
.1183 
320.37 
Model (2) 
(.031) 
  
(.0054) 
(.00054)
  
  
  
  
  
  
  
Bulgaria 
.093 
.0634 
- 
- 
- 
315 
.8827 
.4694 
13.0699 
.2094 
140.62 
Model (1) 
(.031) 
(.0025) 
  
  
  
  
  
  
  
  
  
Bulgaria 
.094 
- 
.0827 
-.00176 
- 
315 
.8851 
.4791 
12.8088 
.2077 
135.03 
Model (2) 
(.031) 
  
(.0082) 
(.00072) 
  
  
  
  
  
  
  
Rumania 
.156 
.0578 
- 
- 
- 
320 
.9746 
.4540 
5.6839 
.1372 
683.89 
Model (1) 
(.038) 
(.0018) 
  
  
  
  
  
  
  
  
  
Rumania 
.150 
- 
.0524 
.00053 
- 
320 
.9747 
.4551 
5.6646 
.1372 
646.38 
Model (2) 
(.038) 
  
(.0056) 
(.00052) 
  
  
  
  
  
  
  
 

 

The results of the second step are shown in Table 3 (constants and coefficients at dummy variables are omitted). The low Durbin-Watson statistics6 indicate presence of autocorrelation, and the residual variances calculated separately for each sector (see Table 4) show a presence of heteroscedasticity.

	Table 4 
Residual Variances in Industrial Branches 
(Computed from the Second Step Residuals  *it)
Bran ch
Czechoslov. 
Model 4
Poland Model 2
Hungary Model 2
Bulgaria Model 2 
Rumania
Model 1
1
.00538
.00325
00086
.04558
.00768
2 

.01301 
.00597 
.03092 
.02372 
.01119 
3 

.00560 
.00136
.00434 
.05969 
.01536 
4 

.01828 
.00095
.01282 
.04729 
.01848 
5 

.03137 
.02530
.01139 
.09000 
.02624 
6 

.03431

.03256
.05196 
.05555 
.06279 
7 

.00269

.00318
.02801 
.01817 
.04066 
8 

.03425

.00316
.01576 
.03582 
.03559 
9 

.00148 
.00061
.01533 
.02889 
.00081 
10 

.00293

.00396
.00707 
.05733 
.02416 
11 

.00390

.00066
.00615 
.01481 
.00716 
12 

.00742

.00456
.02196 
.09324 
.00458 
13 

.01006

.01174
.03040 
.07125 
.02263 
14 

.00369

.00307
.00992 
.02739 
.00342 
15 

.06409

.01746
.00183 
.04284 
.01644 
16 
—

—  
— 
— 
.01823 
 

	 

Table 5 
 Estimates of the Autoregressive Coefficients i(1) and i(2) 
from the Second Step Residuals e*it 
 

Czechoslovakia
Poland
Hungary
Bulgaria
Romania
Branch
i(1)
i(2)
i(1)
i(2)
i(1)
i(2)
i(1)
i(2)
i(1)
i(2)
1
1.4344
-.4857
1.1555 
-.3539
1.2250 
-.3932
1.0606
0 
.9222
-.4104
2 
1.2573 
-.4205 
1.3874 
-.5186 
1.1359 
-.2899 
.8400 
0 
1.0707 
-.4774 
3 
.9743 
-.2852 
.7825 
0 
.5426 
0 
.3398 
.3296 
1.4210 
-.5197 
4 
1.4298 
-.5233 
.4814 
-.4242 
.7308 
-.1085 
1.2052 
-.4029 
1.2768 
-.5193 
5 
1.4164 
-.4113 
1.9175 
-.9265 
.4520 
0 
1.6725 
-.7188 
.8144 
0 
6 
1.0015 
-.0221 
1.8964 
-.9053 
.9381 
0 
.8157 
0 
1.2897 
-.3305 
7 
1,8710 
-.4710 
1.4738 
-.6070 
.7684 
0 
1.1631 
-.5736 
.9710 
0 
8 
1.4356 
-.5144 
.8155 
0 
.7129 
0 
.9314 
0 
.8978 
0 
9 
.2642 
-.1119 
1.0197 
0 
.7025 
0 
.8333 
0 
.2969 
0 
10 
.8434 
-.0241 
.6301 
0 
.3578 
-.2247 
.9686 
0 
1.2164 
-.3225 
11 
.9763 
-.3854 
.6733 
0 
.6337 
0 
.9206 
0 
.8131 
0 
12 
.5599 
.3514 
.6616 
-.4148 
.8139 
0 
1.2999 
-.6869 
.9170 
0 
13 
.7929 
.0506 
.8840 
0 
.8560 
0 
.9501 
0 
.8713 
0 
14 
1.0605 
-.1516 
.4986 
0 
.4576 
0 
1.3617 
-.4903 
.6790 
0 
15 
.6589 
-.0303 
1.6207 
-.6946 
.6205 
0 
.6972 
.2143 
.9794 
0 
16 
- 
- 
- 
- 
- 
- 
- 
- 
1.6052 
-.5966 
  
 

Third, we have estimated the sectoral autoregression coefficients i(1) and  i(2) from the second step residuals (see Table 5) and used them to transform variables according the formula: 
x*it
= 
xit -  i(1)xit-1  -   i(2) xit-2
where xit stands for any of the left or right hand variables, including the constant and dummy variables. Then we have repeated the estimation of equation (ii) with transformed variables, but only for one model in each country (see Table 6). As before, constant and parameters at dummy variables are not shown. 
 

 

Table 6 
 Third Step Estimates of Production Functions for East European Countries 
(From variables transformed to eliminate serial correlation) 
Country Model





No of
Obs. 
R2
DW
SSR
SER
F
Czechosl.
.319
-
.0941
-.00269 
-.0335 
270
9811
2.4313
.5729 
.0478 
3 439.04
Model (4)
(.062)
-
(.0083)
(.00065)
(.0070)
 

 

 

 

 

 

Poland 
.280 
-
.0651 
-.00262 
-
154 
.9998 
1.9446 
.0578 
.0205 
249950.00 
Model (2)
(.047) 
- 
(.0069)
(.00070)
 

 

 

 

 

 

 

Bulgaria 
.031 
-
.0603 
-.00002 
-
285 
.9718 
2.1940 
1.4169 
.0728 
3227.8
Model (2)
(.03 1)
 

(.0134)
(.00094) 
 

 

 

 

 

 

 

Rumania
.857
.0524
-
-
-
288 
.9992 
2.6956 
.2875 
.0326 
118238.58 
Model (1)
(.022)
(.0014) 
 

 

 

 

 

 

 

 

 

  

 

	The satisfactory Durbin-Watson statistics indicated that the autocorrelation was to a large extent eliminated. The check of the sectoral residual variances (see Table 7) showed that the remaining heteroscedasticity was very small, so that no further steps for eliminating it were necessary.
 

Table 7 
Residual Variances in Industrial Branches 
(Calculated from the Third Step Residuals) 
Branches
Czechoslovakia
Poland
Bulgaria
Rumania
1 
.00064
.00034 
.00357
.00082 
2 
.00064 
.00035 
.00751 
.00093 
3 
.00195 
.00062 
.00871 
.00137 
4 
.00142 
.00040 
.00420 
.00115 
5 
.00145 
.00036 
.00131 
.00103 
6 
.00286 
.00075 
.01094 
.00128 
7 
.00064 
00043 
.00259 
.00119 
8 
.00125 
.00051 
.00372 
.00111 
9 
.00056 
.00025 
.00835 
.00082 
10 
.00076 
.00044 
.00200 
.00118 
11 
.00173 
.00044 
.00363 
.00103 
12 
.00099 
.00066 
.00747 
.00113 
13 
.00174 
.00078 
.01225 
.00109 
14 
.00057 
.00089 
.00217 
.00093 
15 
.02693 
— 
.00700 
.00120 
16 
— 
— 
— 
.00166 
 

	Before giving the economic interpretation to our estimates, let us briefly comment on their statistical properties:

	With very few exceptions estimates in all three steps are very good and seem to be quite reliable. Most of the parameters were estimated with very small standard errors so that they are significantly different from zero. The main exceptions are parameters t in the first step [ except for Czechoslovakia’s model (2)] and the third step estimates of the model (2) for Bulgaria. The second step estimates show that the introduction of sectoral dummy variables sufficiently improved the significance of t for all countries except for Rumania. On the basis of second step estimates we can therefore accept the specification of the model (2) as preferable to model (1) or in other words, we can reject the hypothesis of constant rate of technical change in Czechoslovakia, Poland, Hungary and Bulgaria. The second step improved also the significance of parameters t and . of the Czechoslovakia’s model (4), so that at least for Czechoslovakia we can accept the hypothesis of cyclical fluctuations in the rate of change of the total factor productivity.

	One interesting feature of our estimates is that the estimated parameters in all three steps tell basically the same story about the dynamic behavior of the economy. The least satisfactory in this sense are estimates of the capital elasticity for Bulgaria and Rumania. This can be perhaps explained by relatively large errors in measurement of capital for these two countries, as mentioned above. The fit statistics are good in all three steps, but of course, the best they are in the third step. The R2s of the first step may seem to be somewhat low, but due to the large number of degrees of freedom they are highly significant as the F-statistics on the joint ex​planatory power of all right hand variables indicate. Even in the case of Rumania where R2s = .22 the computed F-statistic is about 10 times larger than the tabulated value of F-distribution for 99 per cent level of confidence and respective degrees of freedom. As could have been expected, the elimination of sectoral components from the residuals in the second step and the removal of serial correlation out of the residuals in the third step, increased substantially the R2s and the F-statistics as well as the Durbin-Watson statistics. It should be, however, mentioned here that the gain of fit statistics was paid by increased multicolinearity, which was almost nonexistent in the first step. This multicollinearity together with already mentioned errors in measurement of capital may be a cause of the “strange” third step result for Bulgaria and Rumania. It is therefore questionable whether the third step estimates are better and more reliable than the first or second step estimates. With high multicollinearity the estimated parameters are not very reliable, therefore, we are inclined to trust the first and second step estimates more than the third step results. 


	The economic interpretation:

	(1) It is interesting that all the estimated capital elasticities of output - except for the third step estimates for Bulgaria and Rumania - were in the economically meaningful and theoretically expected range from .1 to .5. In average the estimated s may seem to be somewhat lower than similar estimates for the Western market economies, however, the difference is not large enough to justify any clear cut conclusions about the “systemic effect” of the Soviet type economic system on the shape of macro-economic production function. The apparently very low estimates of capital elasticity in Bulgaria and Rumania may be a result of poor capital data rather than anything else.

	(2) The average annual rates of growth of the total factor productivity estimated as a parameter in the model (1) were very high (around 6 per cent) in the case of Czechoslovakia, Bulgaria and Rumania and some what lower, but still respectable (3 - 5 per cent) in the case of Poland and Hungary. 
 

	 

Diagram 1.
Rates of Growth of Total Factor Productivity
(First Step Estimates)

	


	 

Diagram 5.
Rates of Growth of Total Factor Productivity
(Second Step Estimates)

	


	 

	These results which seem to indicate quite successful development during the 50s and 60s have to be somewhat qualified:

	(a)

	First, this estimates are not strictly comparable with the similar estimate for Western countries, because we have used the gross value of industrial production rather than GNP for measuring the output. Our  measures the rates of growth of gross factor productivity, which is likely to be larger than the rate of growth of net factor productivity, because the share of intermediate goods in the gross value of output was probably increasing in East European countries in the examined period.

	(b)
	Second, our estimates relate to the socialized industry, which - at least during fifties - had a preferential treatment before nonsocialized industrial firms and nonindustrial sectors - especially before agriculture and services. This may imply that the factor productivity in socialized industry grew considerably faster than in the whole economy and it is also possible that some part of its growth is simply a result of reallocation of factors and redistribution of income in the years immediately following nationalization.

	(c)
	Finally, the very high estimates of  may be partly a result of distortions in official East European Statistics. Whether such distortions resulted from deliberate attempts to make the economic growth look better or simply from systemic and methodological reasons is irrelevant here. It is well known that not only the “Western Sovietologists” but also many respectable East European economists and statisticians criticized the official indices of industrial growth as distorted and inflated. The East European methodology of constructing the indices of industrial output and the well known fact of “inflation of constant prices” are two major sources of such distortions. It is important that if distortions appear in output series, they will also appear in capital stock data but not necessarily in labor data. The inflation of official output and capital stock series is therefore likely to produce double effect on our estimated parameters:
(i)
the labor elasticity of output may be biased upwards and due to the assumption of constant returns to scale the capital elasticity of output would be biased downwards;
(ii)

the inflation of output series would itself cause an upward bias in the estimation of , but this bias would be even increased by the strong negative covariance between estimated  and .
All that indicates that we should probably discount something from the 5 - 6 per cent rates of change of the total factor productivity, however, it is difficult to say how much.

	 

Diagram 2.
Rates of Growth of Total Factor Productivity
(First Step Estimates)

	


	Diagram 6.
Rates of Growth of Total Factor Productivity
(Second Step Estimates)

	


	(3)
The estimates of the model (2) gave very interesting and surprising results (see diagrams 2 and 6).
 Czechoslovakia, Poland and Bulgaria apparently experienced a quite considerably declining trend in the rate of change of the total factor productivity while such trend could not have been discovered in Hungary and Rumania. This raises several interesting questions: Was the declining trend attributable to the systemic effect of the East European economic systems — as assumed by some economists —or was it only a result of a historical coincidence? One plausible explanation is that the above mentioned distorting factors which inflated the estimated rates of growth of the total factor productivity worked during the 60s less powerfully than in the 50s. On the other hand, reports from the East European countries about the deteriorating performance during the 60s were so overwhelming, that it is really difficult to believe that the declining trend could have been caused only by data distortions. But then, why is such a trend not visible in Rumania and Hungary?

	(4)
Finally, the estimates of the models (3) and (4) demonstrated at least for Czechoslovakia considerable and statistically significant fluctuations in the rate of change of the total factor productivity (see diagrams 3, 4 and 7).

	 

Diagram 3.
Rates of Growth of Total Factor Productivity
(First Step Estimates)

	


	 

Diagram 4.
Rates of Growth of Total Factor Productivity
(First Step Estimates)

	


	Diagram 7.
Rates of Growth of Total Factor Productivity
(Third Step Estimates)
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FOOTNOTES
 

	*
	This is a revised version of our earlier paper which was prepared with the support from the Center for Slavic Studies of the University of California at Berkeley. We have benefited from the discussions with professors G. Grossman, T. Marschak, B. Ward, T. Rothenberg, P. Zarembka, J. Kmenta and A. Zellner. (back)

	1
	 The typical list of industrial branches is: (1) Electric Power, (2) Fuels, (3) Metallurgy, (4) Machine Building, (5) Chemicals, (6) Building Materials, (7) Lumber and Woodworking, (8) Paper, (9) Glass and Ceramics, (10) Textiles, (11) Clothing, (12) Leather and Shoes, (13) Printing, (14) Food Processing, (15) Other Industrial Branches.

	2
	 Manhours in Czechoslovakia and Poland; Number of workers in Rumania and Hungary, and employees in Bulgaria.

	3
	 Capital stock was adjusted in two steps: The average annual capital stock for each branch was first multiplied by the branch “shift coefficient” and then re​gressed on (1) the productive consumption of electric power in the given branch, (2) time, and (3) product of electrical power and time variables. The fitted values from this equation were then taken for capital adjusted for the degree of utili​zation. This method is apparently based on assumption that the utilization of the capital stock is proportional to be length of the ,working day’ as measured by the shift coefficient (one shift = 1) and at the same time the variation in the degree of utilization are connected with the short term variations in the ratio of the consumed electricity per unit of capital stock.

	4
	Here we use this term for simplicity, although we are fully aware of the fact that   is more a "measure of our ignorance" than anything else

	5

	
See Balestra and Nerlove (1966), Mundlak (1966), Wallace and Hussain (1969) and Kmenta (1970, 1971). 

	6
	 The reported Durbin-Watson statistic is an arithmetic mean of the branch Durbin-Watson statistics calculated with the branch sums of squared residuals as weights.


 

 

