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TOTAL FACTOR PRODUCTIVITY GROWTH IN 
TURKISH MANUFACTURING INDUSTRY BETWEEN 

1963 - 1983: AN ANALYSIS 

Erhan YILDIRIM* 

Measurement of TFP is based on the theory of production. 
For this purpose the theory consists of a production function with a 
constant return to scale as necessary conditions for producers' equi-
librium. TFP growth of the Turkish Manufacturing industry in the 
period 1963-83 has been estimated by using translog production 
function. Our analysis shows that TFP growth has been low to 
negligable in most of the Turkish manufacturing industry. One of 
the interesting results was that the public enterprises had a greater 
TFP growth than did the private enterprises. This difference in 
TFP growth between public sector and private sector can be ex-
plained by the differences in capital stocks per worker and size of 
the firms in both sectors 

1. INTRODUCTION 

There is a consensus among the economists that the total factor 
productivity (TFP) growth is high in a rapidly growing economy and that a 
high TFP growth contributes significantly to both output and labor produc 
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tivity growth. Additionally, the rate of TFP growth determines the scope of 
a non-inflationary increase in real income (OECD,1987). 

The growth of Turkish Manufacturing industry has been impressive in 
the past, averaging 9.5 percent over the two decades (1963-1983). The an-
nual growth rate of Turkish Manufacturing Industry was 10.9 percent in 
1963-67, 8.7 percent in 1968-72, 9.9 percent in 1973-78, and 8.8 percent in 
the 1978-83 period. This high growth rate was achieved with only a 
moderate amount of foreign loans and grants. In order to investigate the 
source of this high growth rate, we have, iii this article, endeavoured to es-
timate the rate of TFP growth over the 1963-83 period. 

A change in the productivity level is considered to he both the cause 
and the consequence of the evolution of dynamic forces operative in an 
economy, technical progress, accumulation of human and physical capital, 
enterprise and institutional arrangements. TFP measurement and the 
interpretation of its behavior at the micro-economic levels require the disen-
tangling of many complex factors (Nadiri, 1970). 

Our study consists of 7 sections. Section 2 defines the productivity, sec-
tion 3 summarizes the methodological developments in the TFP concept, 
section 4 discusses the methodology applied to measure the rate of TFP 
growth in this study, section 5 introduces the sources of variables used 
herein, section 6 gives the results of our measurement, and section 7 con-
tains our conclusions. 

2. DEFINITION OF PRODUCTIVITY 

Productivity measures the relationship between various inputs and 
various outputs, and, generally speaking, it is defined as a ratio of some 
measures of outputs to some measures of inputs. In order to measure 
productivity, we must make an appropriate weighting with related inputs 
and outputs, since neither inputs nor outputs are homogenous. As always, 
whenever weighting is involved, index number problems arise. Thus, there 
are as many indices of productivity as there are factors of production. As a 
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result of this, there is a wide divergence of opinion about a proper produc-
tivity measure. The disagreement is about what constitutes the numerator 
and the denominator of the fraction (Wolff, 1985). Depending on the vari-
ables which take place in the numerator, we calculate either the aggregate 
or the sectoral level of productivity. At the aggregate level, the numerator 
must be measured as value added, a measure of the value of output 
produced by primary inputs (labor and capital ) only. At the sectoral level, 
the value added should not be used to measure the numerator. Here, the 
gross value of output, the value added plus the value of the intermediate in-
puts (material ) should be used to measure the output , since the use of the 
value added would bias the estimate of TFP upward (except in those sec-
tors in which the intermediate input content is zero) (Rao& Preston, 1984). 
The reason lies in the fact that some inputs are outputs of the productive 
process. Increased factor efficiency will, in general, lead to increased out-
put, and thus to increase in the quantity of produced inputs available for 
production. So, the expansion in the production of intermediate goods oc-
curing because of increased factor efficiency makes it important to dis-
tiguish between productivity change originating in the sector and the im-
pact of productivity change on the sector (Hulten, 1975, 1978 ). 
Productivity change , in the first sense refers to the shift in the sectoral tech-
nology and gross value of output is used in its measurement. 

On the other hand, often, in calculating the denominator of 
productivity measures, two important measurements are used. The first is 
either total labor or capital, the resultant ratio is referred to as labor 
productivity or capital productivity, respectively. It simply shows the 
average productivity of the inputs. The second is a weighted sum of factor 
inputs and, the ratio is referred to as total factor productivity (TFP). Thus, 
TFP is a measure that attempts to take into account the contributions of all 
inputs the services of the plant and equipment, energy and other 
materials as well as that of the managers and other employees (Baumol & 
McLennan, 1985). Labor productivity is usually considered to be a better 
measure of welfare, because it bears a rough correspondence to per capita 
income. On the other hand, TFP is considered to be a better measure of an 
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economy's efficiency and its rate of technical change, because TFP 
measures the ratio of output to the sum of all basic inputs. 

3· METHODOLOGICAL DEVELOPMENT IN THE MEASUREMENT OF 
TFP 

The methodology of measurement of total factor productivity is based 
on the theory of production. For this purposes, the theory consists of a 
production function, with constant returns to scale together with the neces-
sary conditions for producers equilibrium which assumes equality of factor 
prices with the value of marginal products. Quantities of output and inputs 
entering the production function are identified with real products and real 
factor inputs. Although, the first production function amenable to 
statistical estimation of the parameters had been developed in the 1920s, by 
Paul Douglas and Charles Cobb, the empirical work to measure total factor 
productivity within the framework of a production function was undertaken 
only a couple of decades ago. Prior to World War II, all productivity es-
timates were of the simple output per worker or per hour variety. The first 
empirical attempt to measure total factor productivity was made by Tinber-
gen in 1942, in a remarkable but neglected article in which estimates were 
presented for four countries, including the United States,for a fourty-four-
year period (Kendrick & Vaccara, 1980) 

While there are many ways to measure TFP, the two indices most 
often used in empirical research are the modified Laspeyres or Paasche 
TFP indices and, the Divisia TFP index. Numerous earlier productivity 
studies used the modified Laspeyres or Paasche TFP indices. Factor prices 
were assigned as weights to the respective inputs to obtain total factor input 
aggregates. These factor price weights were kept fixed relative to selected 
base years. The input aggregator function underlying these TFP measures 
were linearly homogenous additive production functions. The modified 
Laspeyres, Paasche or geometric indices suffer from inherent index number 
biases, either overestimating or underestimating changes in TFP aggregates. 
To correct these index measurement deficiencies, the more recent produc-
tivity studies often used the Divisia input and output indices (Sudit & 
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Nachum, 1981). 

The concept of total factor productivity was further elaborated by 
Kendrick at a 1951 Income and Wealth Conference.Kendrick measures 
TFP, by using a distribution equation. He implicitly assumes a homogenous 
production function and the Euler condition, to obtain the following 
index: 

(dA/A) = (Qi /Qo) / ((wLi + rKi) /( wLo + rKo)) (1) 

where w and r are the wage rate and the rate of return on capital, 
respectively, and variables with the subscript 1 refers to the current period 
and those with the subscript 0 refers to the base period. 

Although the Kendrick's approach made a significant contribution to 
the TFP measurement methodology, it was Solow (1957 ) who, by explicit 
use of a production function framework, helped to establish TFP as an 
operational concept. Solow measured the TFP by using a production func-
tion consisting of two input factors, capital and labor, with a constant 
returns to scale and an autonomous and neutral technological change. 
Solow obtained the following residual, difference between growth rates of 
real product and weighted growth rates of labor and capital inputs as 
conventionally measured. 

(À/A) = (Q/Q) - wk(K/K) - ( l /L)wi (2) 

Solow calls (A/A) as technical change or any kind of shift in the 
production function. This residual was challengingly called by Abramovitz 
(1956) as a "measure of ignorance." 

Since the pionering work of Solow, productivity growth or technical 
progress has been associated with the time derivative of the production 
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function or some associated function such as the cost function or profit 
function. While, this formulation is a useful conceptualization, it is not con-
venient for actual measurement of productivity using index numbers. The 
reason is that the index numbers procedure entails a comparison using dis-
crete data points and therefore, require a discrete approximation to the 
time derivative (Caves D.; et.al., 1982.). 

The magnitude of the residual dA/A and its stability over time 
depends upon: (i) the form of production function thai governs the be-
haviour of FL and FK , (ii) a proper measurement of L and K, (iii) the im-
portance of variables other than K and L (such as the enterpreneurship, or 
inventories that are left out of production function) (Nadiri,l()70). It is clear 
that any misspecification or errors in estimating the parameters of the ag-
gregate production function, errors in measuring the variables, especially in 
labor and capital, and errors due to omission of relevant inputs will spill 
over to the measure of total factor productivity. As a result of this, during 
the 1960s, substantial portion of the literature on factor productivity is 
devoted to removing these biases and to explaining the determinants of un-
biased rate of technical change in the economy, 

In 1962, the conceptual and anaytical frontiers of the field were further 
expanded by Edward Denison. Denison (1962) sought lo narrow the 
residual in two ways: first, by including in his labor input measure estimates 
of the effect of increased education, shortened workhours, the changing 
age-sex composition of the labor force, and other factors that cause a 
change in the quality of labor over time. Second, he attempted to quantify 
the contributions to growth of all major factors other than advances of 
knowledge, so that his final residual would primarily reflect the impact of 
these basic dynamic elements. 

On the other hand, to correct the bias in the measurement of TFP has 
emerged from the aggregation of the different kinds of capital goods, TFP 
was measured by using wintage models which was developed by Leif Johan-
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son (1959). 

Leif Johansen created a model in which equipment could be classified 
with various capital/labor ratios. Yet, once machines are made, the capi-
tal/labor ratio remains constant.Salter (1960) studied a model with similar 
properties. Soon afterwards, Solow (1962,1963), and Phelps(l%2) expanded 
the model by adding ex-ante factor substitutability and ex post nonsub-
stitutability. 

Although identification of measured growth in the total factor produc-
tivity with embodied or disembodied technical changes provide methods for 
measuring technical change, it does not provide genuine explanation of the 
underlying changes in real output and input (Jorgenson, 1966). 

The aforementioned studies used either Cobb-Douglas or CES produc-
tion functions. In the measurement of TFP they take into consideration only 
the capital and labor substitution. Upward changes in the prices of inputs, 
especially oil price after 1973, in fact, have produced major substitutions for 
petroleum by other inputs in the production process. Thus, the effect of 
input substitution factors must be taken into consideration in the measure-
ment of TFP growth. Therefore, the researchers were inclined to use a 
more general production function than the Cobb-Douglas and CES. 

A valuable contribution to the range of TFP estimates also was made 
by Gollop and Jorgenson by relating the gross output to the total input in-
cluding the intermediate inputs used as well as factor services. Specifically, 
they used a translog production function, suitable for their multiple output 
multiple input model. They consistently employed the Tornqvist discrete 
version of the Divisia form of index numbers for the major components and 
for the aggregate of the output and input factors (Kendrick & Vaccara, 
1980). Divisia input index depends on the cost share weighted by the per-
centage growth in inputs. On the other hand Tornqvist index which offers a 
discrete approximation to the Divisia index is based on a translog technol-
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ogy (Baltagi and Griffin,1988 ). Computation of the index using a con-
tinuous translog cost function at two discrete points in time was done by 
using the quadratic approximation lemma (see Diewert, 1976). 

A slowdown in the growth rate of productivity experienced by the 
developed countries over the past two decades, caused a major change in 
the focus on the debate on the causes of productivity slowdown. Kendrick 
(1980 ), Norsworthy, Harper and Kunze (1979), Denison (1979 ,1983), 
Lindbeck (1983), Giersch and Wolter (1983) tried to find explanations for 
the productivity slowdown in the developed countries, especially for a slow-
down in U.S.A. 

In these studies, seven causes have been suggested for the slowdown of 
TFP. The first three relate to inputs: the rate of capital formation, the com-
position of the labor force and energy prices. The fourth relates to the 
residual in the production function: research and development (R&D) and 
technological progress. The fifth concerns the shares of different products 
in the economy: the composition of the output. The remaining two are 
government regulations and the business cycle. It should be noted that these 
seven causes are not mutually exclusive (Wolff, 1980). 

4.THE METHODOLOGY 

Since a measurement of TFP is generally based on the economic 
theory of production, in this study, we have used the translog producton 
function for each industrial sector giving output as a function of inter-
mediate input, capital input, labor input and the time factor. To analyze the 
substitutions for the primary factors of production and the intermediate in-
puts, the production function for each sector must be combined with neces-
sary condition for producer equilibrium. Producers equilibrium assumes 
the equality between the shares of each input in the value of output of each 
sector and the elasticity of sectoral output with respect to the correspond-
ing input (Gollop & Jorgenson, 1980). Further, we assume that the produc-
tion function for each sector has constant returns to scale. As a result of 
this assumption, a proportional increase in all inputs results in a proportion-
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al change in the output. The constant returns to scale also implies that the 
sum of elasticities of each sector's output, with respect to all inputs, equal 
to unity, so that the value shares of all inputs sum to unity for each sector. 
To obtain an index number for the sectoral rate of technical change (TFP) 
that depends on the prices and quantities of inputs and outputs for the sec-
tor, the necessary condition for producers equilibrium for each sector can 
be combined with growth rates of intermediate input, capital input, labor 
input and output. TFP is defined as the rate of growth of output of any sec-
tor, holding all inputs in the sector constant. If a production function has 
constant returns to scale and if all marginal rates of substitution are equal 
to corresponding factor price ratio, a change in TFP may be identified with 
a shift in the production function. Changes in real product and real factor 
input, not accompanied by a change in total factor productivity, may be 
identified with the movement along a production function (Jorgenson & 
Griliches, 1967). 

Sectoral models of production used in this study are based on the 
translog production function as in Gallop and Jorgenson (1980). Denoting 
output, intermediate input, capital, labor input and time for any industry, by 
Z, X, K, L, and T, respectively, we construct the production function 
equation as: 

Z = exp(aG + ax lnX + ak InK + ai InL 4- a t .T + (l/2)bxx (lnX) + 

b\k lnX InK +bxi lnX InL +bxi lnX .T +(l/2)bkk (InK ) + 

bki InK InL + bki InK .T+ (l/2)bn (InL ) + bu InL .T+ (l/2)b t t T (3) 

In order to obtain constant returns to scale the parameters of the trans-
log production function must satisfy the following conditions simultaneous-
ly: 
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ax + ai + ak = 1 (4) 

bxx + bxk + bxi = 0 (5) 

bxk + bkk + bki = 0 (6) 

bxi + bki + bu = 0 (7) 

bxt + bkt + bu = 0 (8) 

Under constant returns to scale the value shares of intermediate, capi-
tal and labor input in any sector can be expressed as : 

Vx = ax + bxx İn X + bxk In K + bxı In L + bxt T (9) 

Vk = ak + bxk İn X + bkk In K + bk| In L + bki T (10) 

vi = ai + bxi İn X + bki In K + bu In L + bit T (11) 

So, the rate of sectoral technical change in any sector can be defined 
as: 

vt = at + bxt İn X + bkt In K + bu İn L +b t t T (12) 

Under this conditions, the average rate of technical change for this sec-
tor between two successive time periods, say t and t-1, can be defined as the 
difference between successive logarithms of sectoral output less a weighted 
average of difference between successive logarithms of sectoral inputs, with 
weight given by the average value shares. 
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In Z (t) - In Z (t-1) = vx (In X (t)-ln X (t-1)] + 

vk [In K (t)-ln K (t-1)] + ~i |ln L (l)-ln L (l-l)] + v, (13) 

Where, 

vx = l/2[vx (t)-f-vx ( t- l ) | (14) 

vfc = 1/2 |vk (t) + Vk (t-1)] (15) 

vi = 1/2 [vi (t) +vi (l-l)] (16) 

VI = 1/2 [ V, (l) + v, (1-1)1 (17) 

The translog index of total factor productivity (v() indicates the sec-
toral average rate of technical change. 

5.SOURCES 

The Study covers 19 two-digit manufacturing industry in Turkey, ex-
cept for miscellaneous manufacturing, during 1964-1983. Most of the data 
were taken from the Turkish State Institute of Statistics (SIS), which 
publishes both a periodic Census of Manufacturing Industries and an An-
nual Survey of Manufacturing Industries. In these publications Turkish 
manufacturing industry, until 1972, is classified into 20 subsectors. After this 
date, the classification has been changed to conform to the International 
Standard Classification of Economic Activities. As a result of this 
change, the number of classifications has been increased from 20 to 28. In 
this study, we used the earlier classification system, and adapted the new 
series to the old one by combining some sectors in order to provide con-
tinuity to the series. 
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Classified by industry, these publications provide dala on sales value, 
number of employees, value of purchases of intermediate goods and raw 
material inputs, gross addition to the fixed assets during the year, and on 
wage payments for large scale enterprises. Altough a time series of capital 
stocks covering the period 1963-1983 were not available, we obtained es-
timates by taking the capital stock figures of SIS (1959) for 1950 as a start-
ing point, and then by subtracting 5 % depreciation and adding new assets 
at constant prices for the period under rewiew. We are confronted with two 
basic problems in the building of our own capital stock figures. First 
problem was related with the change in the definition of large establishment 
in 1963. Up to this date, annual statistics provide data for all the manufac-
turing establishments in the public sector, and the private establishments 
working 10 or more persons or having 10 or more horse power capacity of 
prime movers. After this date, the data covers all the establishments in the 
public sector, but only the private enterprises working 10 or more persons. 
In order to combine two series, the private establishments, working less 
than 10 person but having 10 or more horse power, must be eliminated 
from the data. This work has already been done by Ebiri and his friends 
(1977) (hereafter TISSI). Therefore, we used their sectoral investment 
figures for private establishments up to 1963. After this date, we used 
the investment figures given by SIS. 

The second problem was that SIS provides total capital stock figures 
for 19 subsectors by aggregating the capital stocks of private and state 
enterprises. The disaggregation of capital stocks of the private and state 
enterprises was necessary and it has already been done in TISSI. But TISSI 
provides capital stock figures only for 16 subsectors, and it combines food 
manufacturing data with that of the beverage industry, textile data with 
ready to weare apparel and data on the production of wood and cork with 
data on furniture manufacturing. In order to seperate the capital stock 
figures of these six industries, we used their capital- output ratio at the 1963 
level and assumed that the C/Y ratio of the ingrediants in each combined 
sectors equals to each other.(i.e C/Y ratio of food manufacturing equals to 
C/Y ratio of beverages industry). Thus we were able to calculate capital 


