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TOTAL FACTOR PRODUCTIVITY GROWTH
AT THE FIRM LEVEL IN THAILAND:
A CHALLENGE FOR THE FUTURE

Peter Brimble*

1. Introduction

The importance of the efficient use of resources in an economy’s
industrialization process is becoming increasingly recognized. While high growth
rates of manufacturing output can be attained for some time by simply increasing
the allocation of inputs to that sector, this process cannot continue indefinitely. In
a major comparative study, Chenery (1986) indicates conclusively that countries
with relatively efficient growth processes are those which are able to realize relatively
higher aggregate output growth rates from a given growth of factor inputs. In
particular, he shows that this phenomenon tends to occur in countries which exhibit
high total factor productivity (TFP) growth rates?,

It is now generally accepted that the rapid economic growth of
Thailand’s manufacturing sector in the 1960’s and 1970’s, frequently behind significant
protective barriers, was not necessarily achieved in the most efficient ways. The
reaching of the limits of the manufacturing sector’s growth possibilities from simply
reallocating resources is indicated to some extent by the dramatic decline of manu-
facturing growth rates across the board as the industrial sector entered the 1980’s
(see Table 1). It is clear that to realize rapid growth in the future, considerable
efforts will have to be concentrated on increasing the component of output growth
accounted for by the growth of TFP.

Indeed, in numerous policy statements, and the recently released Sixth
National Economic and Social Development Plan, issues relating to the “quality” and
“efficiency” of national development form one of the main focal points for policy
efforts during the Sixth Plan period. The appropriate role of the government in
creating an economic environment in which the private sector can operate in the most
effective manner, unhindered by bureaucratic red tape and distortionary policies, is
now being seriously re-evaluated in the light of the Sixth Plan guidelines,

*Visiting Professor, Thammasat University
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Table 1
Growth of manufaeturing GDP at 1972 Prices —Selected Sectors

Compound Annual Growth Rates

Sector 1960-65 1965-70 1970-75 18975-80 1980-85
Textiles 28.7% 7.2% 18.6% 11.8%  6.2%
Wearing Apparel 3.4% 6.8% 19.8% 15.6% 10.3% .
Paper & Paper Products 24.6% 27.4% 13.3% 24.6% 4.29
Chemicals & Chem. Products - 8.1%  12.0% 6.1% 20.5% 6.7%
Rubber & Rubber Products 15.4% 31.8% 19.3% 12.3% ~-2.7%
Electrical Machinery 18.5% 22.1% 8.5% 20.9% 4.6%
Transport Equipment 13.6% 7.1% 15.1% 14.7% 5.2%
Total Manufacturing ~ + 11.5% 10.3%  9.6%  105%  5.4%

Source: National Economic and Social Development Board.

Despite the recent shift of emphasis in policy rhetoric, there have
been few studies either at the sectoral or at the firm level that attempt to shed
more light on the efficiency aspects of Thailand’s industrialization process.. In
particular, the effect of government policies on the decision-making process of
entrepreneurs in the private sector, and the resulting impacts on productivity growth,
both at the firm and sector level has received very little attention. Paitoon (1982)
and a recent World Bank research project provide some calculations of sectoral TFP
growth rates using data from the National Statistical Office of the Thai government
but do not really explain differences in TFP growth rates between sectors. The
former indicates that exporting industries consistently out performed import competing
industries, particularly in the 1870s. The latter results suggest strongly that overall
TFP growth rates fell substantially in the 1970’s as compared to the 1960’s. Both
results are perhaps explained to some extent by the fact that levels of protection from
foreign competition rose sharply in the latter period. Nishimizu and Page (1986),
using the World Bank data, provide further support for this thesis by showing that
sectors with greater exposure to foreign competition tended to have higher TFP growth
rates and to manifest improvements in international competitiveness.
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This paper represents a preliminary attempt? to define and examine
TFP growth issues at the firm leve]l based on a detailed study of firms in seven
manufacturing subsectors, namely: spinning and weaving, synthetic fibre, garments,
electrical goods, paper and pulp, rubber products, and automotive parts. In particular,
2 recently developed methodology is applied to decompose firm level TFP growth
into one component resulting from technological progress and another resulting from
changes in the efficiency in the use of existing technology and resources, Statistical
techniques are used to identify the importance of a set of firm and sector specific
variables in explaining firm differences in TFP growth rates. The time series data
covering the operations of 139 firmg from 1975 tp 1983 that is used in the analysis
was collected from August 1984 to February 1985. Statistics were obtained both
from personal firm contacts and from government sources such as the Board of
Investment and the Commercial Registration Department. Details regarding the
numbers of firms and various characteristics by sector are presented for reference
purposes in Amnnex Table 1.%

The paper is structured as follows: section two presents a brief
methodological discussion of the measurement of TFP growthgrates and the decomposi-
tion of TFP; section three describes and summarizes the results of the statistical
calculations; section four presents an econometric examination of firm level differences
in TFP growth rates; and section five presents a summary and policy recommendations,

2. The Theoretical Pramework

4
2.t The Measuremeant of TFP Growth Rates

The analysis and measurement of TFP growth rates have generally
been carried out within the framework provided by the economic theory of produc-
tion. The fundamental basis of this theory is that there exists a well - defined
relationship between some maximum level of output and the levels of a set of inputs
that are used in the production process, The relationship is permitted to change over

time, thus allowing for shifts in the production function as improved technology
becomes available.

The following general form of the production function is used as the
starting point for the analysis;

(1) Q) = FIK),L(),M®,T],
where Q(t) = real outpyt of the relevant ypit at, time t,
Kt = real capital input at time t,
Lt} = laboux input at time t,
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M(t)
T a shift parameter representing timne.

Differentiating this function with respect to time, letting *\)" represent the rate of
change of variables over time, yields the following equation:

@ QAm=2tRO/KD®+bOTE/L®+ctMEyM®+ Ve
where the weights, a{t), b(t), and c(t), of the proportional growth rates of the inputs.
represent the output elasticities of these inputs and the last term, V(t), represents
the rate of change of TFP which corresponds fo the rate of growth of output with
respect to time, holding all inputs constant,

real intermediate input at time t, and

If it is further assumed that production is taking place under constant
returns to scale and producer equilibrium is attained, with each factor receiving its
marginal product, then the output elasticities in equation (2) are equivalent to input
shares and sum to ane.  The TFP growth rate calculated from observed factor shares
can then be defined simply as the difference between the growth rate of real output
and the growth rates of real inputs weighted by their shares in output:

3V (t)-:ﬁ Q) =a(t) ﬁ (Kt ~-b (t)i (/L (£)=c(t) ﬁ (/M (L),
where a(t) +b(t)+c(t)=1. “

In order to estimate the growth of TFP from firm or industry data,
the following discrete approximation to the continuous — time (Divisia) index in equation
(3) is used: |

@ [l Vit)-In Vit-1]=[ln Qt)-1n Q(t-1)]
~1/2 [a@w+at-1] [In K -In K¢g-1]
172 [b@+b(t-D] [In Lty -In Let-1)]
~1/2 [e+et-1] [In M -In M(t-1)]

This approach enables a measurement of TFP growth without actually
having to estimate econometrically a specific functional form of the production (or
cost) function itself and provides a useful measure of the economic performance of
the unit being considered even when one does not have enough ghservations to.support
the econometric estimation. However, in order to measure static levels of efficiency
at the firm level and obtain the decomposition of the observed levels of TFP growth
as measured by equation (4) into.technological progress and changes in levels of

technical efficiency, the “best - practice” production frontier as it changes over time
must he specified. '

B

2.2 Frontier Estimation and the Decomposition of TFP Growth
The estimation of a specific frontier enables the recovery both of 2 set of
firm or industry specific Farrell -type® indices of technical efficiency for each point
in time, from which rates &f change can be calculated, and of the magnitude of the
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shift in the overall “best- practice” production frontier due f{o technological
progress.  Changes in technical efficiency basically correspond te all changes in
productivity not accounted for by technological progress, and include the effects of
the more efficient use of existing inputs including capital stock (i.e. better capacity
utilization), of improved managerial practices, of diffusion of techuological knowledge
that is aiready available in the economy, and of “learning by doing.” The static

indices of technical efficiency essentially represent a measure of the distance from the
observed input/output point to the best—practice frontier,

The functional form that is used is the Translog Production Function,
a function that has been widely utilized in recent empirical studies of production®
and which, due to its flexible nature, imposes fewer a priori restrictions on the
production structure than less flexible functional forms such as the Cobb - Douglas o
CES Production Functions. The Translog Production Function, which is a second—
order Taylor series approximation to a well - behaved arbitrary production functiom,
such as equation (1), can be represented as follows (see Christensen et al, 1971, 1973):

5y In Q(s;t)=a, (s,1)+ Jam (5,1) In zn (3, ) +
m

/23X bme In Zy (s,8) 1n z, (8,1),

mn
where a, (s,t)=a, (s)+a; ()t+1/2by, (3)t,
a, (s,t)=a, (s)+ b, (8,
8 = a firm or sector index, and
Zz = input levels.

In order to estimate the parameters of the function, conditions of constant
returns to scale, monotonicity, and concavity are imposed and the function is
constrained to lie on or outside all the observed input-output points. Linear
.Pl‘Og‘l‘amming estimation procedures are used, and the changes of technological
progress and technical efficiency are calculated: the former by combining the
actual input-output values for each year with the estimated production functiom
parameters, and the latter by using the values of the slack variables from the constraint
mentioned above and taking log - differences over time.? :

It should be noted that the TFP growth estimate calculated from
observed factor shares will not in general be equal to the sum of the change in
technical efficency and the change in technological progress calculated from the
“best - practice” frontier coefficients. The following equation summarizes in words
the components of the decomposition of TFP growth described above (sge Nishimizu
and Page (1982) for a mathematical derivation):

(6) TFP Growth = Technological Progress

+ Change in the Level of Technical Efficiency

+ Residual due to Differences between Frontier Output
Elasticities and Observed Factor Shares

i
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In practice, since the residuals depend on the differences between the
ohserved factor shares (which represent interior output elasticities in equation 3) and
the estimated frontier elasticities, they are likely to be greater, the greater are the

factor market distortions in the economy under study and the greater the levels of
inefficiency of the firms or sectors.

9
3. The TFP Growth Estimates

Prior to carrying out a statistical examination of causes of differences
in TFP growth rates among firms, the results of the TFP growth estimates, a
breakdown of the sectoral sources of growth, and the decomposition of TFP growth
estimates into the components discussed above will be presented. It should be
emphasized that the thrust of the analysis deals with firm level issues and the data
are not therefore ideally suited to aggregation at the sectoral level, both because
the firm coverage is not always complete and because the firm data are not always
available for identical periods. However while the sectoral summaries should be inter-
preted with care, they do provide a good indication of the kind of analysis that can
be carried out, and vield insights which pave the way for the more detailed firm
analysis in the next section.

3.1 TFP and the Sources of Quiput Growth

Table 2 presents a sectoral breakdown of the standard sources of growth
analysis where real output growth is accounted for by appropriately weighted input
growth rates (of labor, capital, and intermediate inputs) and TFP growth. In order
to reflect more accurately the overall picture in each sector all the growth rates are
weighted by real output at the firm level.

The average real output growth rate of the sample firms of almost
10% appears to correspond reasonably well to the growth rates of GDP presented
in Table 1. Overall, some 60% of this output growth was accounted for by growth
of inputs, while the remaining 40% was accounted for by TFP growth of almost 4%.
As would be expected, the bulk of the former was due to growth of intermediate
inputs (48.7%), while capital growth (10.8%) and especially labor growth (0.7%)
contributed relatively little.  While there are no other sources of growth estimates
for the same time period, it should be noted that the TFP shares of this study are
considerably higher than those found by Paitoon (1982) for sectoral data from 1970-

1976. For the firms covered by this study, TFP growth actually played a much
more important role than previously thought.

At the sectoral level, the growth rates and contributions of the various
sources of growth varied considerably. In terms of the contribution of TFP growth
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(Growth Rates)?

Total  of

Sector Output Inputs which: Labour Capital Interm TFP'
1) (2) (3) (4) (9) (5}

Spinning, Weaving & Knitting 8.38  4.58 ~0.06 0.81 3.83 3.80
100.0% 54.7% ~0.7% 9.7% 457% 45.3%

Synthetic Fibre 8.02  3.02 ~0.19 0.64 257 5.00
100.0% 37.7% -2.4%  8.0% 32.0% 62.3%

Garments and Other Textiles  6.36  4.96 0.12 0.38 446 139
100.0% 78.0% 1.9% 6.0% 70.1% 21.9%

Electrical Gaods 2741  20.48 0.46 1.81 1821 6.93
. - 100.0%  74.7% 1.7%  6.6% 66.4% 25.3%
Paper. and Pulp : 8.97 7.58 032 260 461 145
100.0% 83.9% 3.6% 29.0% 51.4% 16.2%

Rubber Products 2.67  3.27 0.06 091 230 :-0.60
100.0% 122.5% 2.2% 34.1% 86.1% -22.59%

Automotive Parts 11.53 3.91 0.26 1.04 261 7.62
100.0% 33.9% 2.3%  9.0% 22.6% 66.1%

All Sectors 9.67  5.82 0.07 1.04 471 3.86

100.0% 60.2% 0.7% 10.8% 48.7% 39.9%

Notes:! *Average -annucl sectoral growth ratas from 139 firms weighted of the firm level by
real gross oufput. Percentages represent the coniributions of each co‘mponeﬁl to
output growth. o
The growth rates in columns 1,3,4,5, and & correspond to the vorious expressions
in" equation 4 in the fext, where the. input growth rotes are weighted by their

respective shares in oulput,

to output growth, the surveyed firms in the automotive parts and synthetic fibre
sectors performed well above average while the paper and pulpand rubber sectors showed
rather weak results. In the latter sector, where the four major firms were incloded
in the sample, the poor performance was due largely to capacity underutilization
resulting from the general decline in dotestic demand as reflected in the GDP growth
figures in Table 1. In fact, it was noticeable in the rubber sector that the smalier,
and generally younger companies, performed much better than the larger companies
over the perwd, However, the opposite was the case in the synthetic fibre industry.
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8.2 The Comp(}nentﬁ of TFP Growth

An important first step towards understanding the nature of TFP
growth concerns its decomposition into the components discussed in section 2 and
illustrated in equation 6. The sectoral results for the 139 firms covered by the sample
are shown in Table 3, where the first half of the table presents unweighted averages
and standard deviations while the second presents averages weighted by real output
and percentage contributions of each component to TFP growth.  The major
implications of the results will be discussed according to the various components.

Technolegical Progress. Given the definition of the component of
observed TFP growth resuiting from technological progress, it is hardly surprising
that the contribution of technological progress is in all cases non —negative.*® Synthetic
fibre, automotive parts, and electrical goods are sectors where the “best - practice”
frontier was moving relativély rapidly, while the rubber products and paper and
pulp sectors experienced little or no technological progress over the period.

The main implication relating to this component is that while technolo-
gical progress dominates both the overall average with a share of more than 75%
and the sectoral results with the most significant positive contribution in all cases
except paper and pulp, the distribution of growth rates of technological progress
among firms within the same sector is relatively constant (see the standard deviations
in Table 3).

. Technical Efficiency. The most striking result concerning changes in
technical efficiency is that overall, such changes actually made a negative contribution
of 1.3% to TFP growth. While seemingly small, this average masks much more
wotrying trends at the sector level.  Indeed, five of the seven sectors experienced
declines in levels of techuical efficiency over the period, implying that the firms either
became absolutely more inefficient or failed to keep up with “best-practice” production
techniques.!* This deterioration occurred most significantly in the rubber and garments
sectors where negative changes in technical efficiency, of 2.21% and 1.64% respectively,
dominated TFP growth. The picture was less worrying but still of concern in the
remaining three sectors. Furthermore, as evidenced by the standard deviations, the
variability of changes in technical efficiency between firms in the same sector is
relatively 'high.

When combined with the observations in the previous section dealing
with techological progress, this implies to some extent that the major constraint fo
efficient growth at the firm level is concerned more with the problem that firms use
the existing ‘‘best- practice” technology inefficiently than the: more general
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Pable 4. Correlations betwean the Various Components of Productivity Change

and Knitting

Synthetic Fibre

Garments and

Other Textiles

Electrical Goods

Paper and Pulp

Rubber Products

Automotive Parts

All Sectors

TFP
CHTFP
TEFF
TPROG
LTEFF
TFP
CHTFP
TEFF
TPROG
LTEFF

TEP

CHTFP
TEFF
TPROG
LTEFF
TFP

CHTFP
TEFF

TPROG

LTEFF
TFP
CHTFP
TEFF
TPROG
LTEFF

TEP
CHTFP
TEFF
TPROG
LTEFF

TFP
CHTEP
TEFF
TPROG
LTEFF

TFP
CHTFP
TEFF
TPROG

LTEFF

TFP CHTFP TEFF TPROG LTEFF

1.00

0.97
0.96
0.22
0.02

1.00
0.99
0.98
0.01
0.85

1.00

0.93
0.88
0.23
-0.18
1.00
0.88
0.86
0.30
0.22
1.00
0.59
0.59
0.00
-0.35

1.00
0.92
0.91
0.27
-0.27

1.00
0.92
0.94
0.19
-0.26

1.00
0.80
0.81
0.40
-0.07

1.00
0.96
0.22
-0.22

1.00

0.99

0.23
-0.25

1.00
1.00
0.00
0.26

1.00
1.00
0,12
-0.28

1.00
0.97
0.37
~0,22

1.00
0.92
0.42
-0.05

1.00
0.11
-0.03

1.00
-0.10
0.93

1.00
-0.06
-0.23

1.00
0.11
-0.20

1.00
0.00
0.26

1.00
0.08
~0.29

1,00
0.13
-0.24

1.00
0.03
~-0.10

1.00
0.29 100
1.00
-0.14 100
1.00
0.03  1.00
1.00
-0.43  1.00
0.00
0.00 1.00
1,00
0.13  1.00
1.00
0,00 100
1.00
0.10  1.00

Notes:; Simple correlation cosfficients from

TPROG as defined in Tuble 3.

CHTFP = TEFF 4 TPROG.

LTEFF

the mean values for 139 firms.

= Static level of technical efficiency.

TFP, TEFF, and
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problem of slow rates of technological progress.  This point is further amplified in
Table 4 which shows that the correlation between the growth of TFP and the
change in technical efficiency is remarkably high in all sectors while that between
TFP growth and technological progress is similarly low across the board.

The Residuals, The last main point concerning Table 3 involves the
residual term resulting from differences between frontier easticities and observed
factor shares. In general, both the size and contribution of the residual term is
relatively msignificant and in no sector does it cause the sum of technological
progress and change in technical efficiency to take the opposite sign from that of
ohserved TFP growth.  This result is also confirmed by the very high correlation
coefficients between the two variables (CHTFP and TFP) in Table 4. This observation
contrasts sharply with Nishimizu and Page (1982)’s sectoral results from Yugoslavia
where 9 of 26 sectors from 1965-78 experienced sign differences of this nature.
A likely explanation is that, since factor markets in Thailand were generally less
subject to state interference than those in Yugoslavia, the observed factor shares
reflected more accurately frontier output elasticities.

4. Factors Influencing Firm Level TFP Growth

In this section, the approach that will be adopted to test a set of
hypotheses concerning the determinants of productivity growth at the firm level will be
to use the estimates of TFP growth, rates of technological progress, and changes
in technical efficiency as dependent variables in multiple regression equations with
parameters representing the possible determinants as the explanatory variables. The
hypotheses to be tested are drawn from the literature on the various aspects of
industrial development and trade and industrial policy in developing countries and
from a consideration of issues that are important and of current relevance in the
Thai context.

The following regressions need to be interpreted in light of the impli-
cations of the previous section regarding technological progress and changes in
technical efficiency. In particular, to the extent that these components of TFP
growth depend on different factors, the regressions explaining TFP growth itself
may be somewhat compromised This may well explain some of the difficulties
face@ by earlier attempts to explain TFP growth. The presentation of three re-
gression equations in each instance will enable this issue to be addressed.

A further point concerns the issue of whether to use static or dynamic
variables as explanatory variables, for example foreign ownership share or the
change in foreign ownership share. An initial set of regressions were run using
static variables with generally abysmal results. Accordingly, where possible and
where the hypothesis does not specifically involve a static concept, the explanatory
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variables that are used represent changes or growth rates of the basic static varia-
bles that were originally obtained in the firm survey. Several variables that were
used to test hypotheses regarding the influence of government policy, including the
effective rate of protection, and whether or not the firm received promotion from the
Board of Investment, were not amenable to being transformed into a dynamic form,
and it can be concluded that these variables do mot contribute significantly to
explaining TFP growth.

4.1 Age of Firm

One of the assertions that often underlies the infant industry argument
for government intervention in the industrial sector is that new firms experience
higher TFP growth rates than older ones. Previous firm level studies using cross-—
section data were clearly unable to consider these dynamic aspects of the infant
industry argument. The variables that are introduced to test this hypothesis include
the age of the firm (AGE), the age of the firm squared (AGESQ), and the average
age of firms in the sector (SAGE). The expectation would be that AGE should have
a negative coefficient, while AGESQ should be positive, implying that younger firms
experience higher TFP growth but at a decreasing rate.

“The results are presented in regression equations 1to 3 of Table 5 and
tell a somewhat mixed story. On the one hand, the coefficients of AGE and AGESQ
are of the anticipated sign in all equations but statistically significant at the 99%
level only in the equations explaining TFP growth and technological progress, On
the other hand, the overall explanatory power is very low in all the equations,
although somewhat higher in equation 3. Accordingly, the results offer some
support, albeit rather weak, to the stated hypothesis. The SAGE variable is signi-
ficant only in equation -3, implying that sectors with a preponderance of new firms
experience more rapid movement forward of the “hest—practice” frontier.

4.2 Sectoral Differénces

A set of regressions, numbers 4 to 6, were run o examine whether
or not sectoral differences play an important role in influencing the respective varia-
bles. The results are very informative, indicating strongly that technological progress
is most definitely a sectoral rather than a firm level phenomenon while changes in
technical efficiency are not influenced at all by sectoral considerations. Indeed, some
689% of the firm level differences in technological progress are explained by sectoral
factors, and all but one of the sector dummies are significant at the 997% level. As
in equations 1 to 3, the TFP growth regression carries the signs and significance

levels of the technological progress equation but has very little explanatory power
(R--3quared = .04).
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4.3 Firm~Level Differences

Equations 7 to 9 of Table 5 show the most informative equations that
were found using the following firm-level characteristics as explanatory variables:

{a) Foreign-ownership (CHFSH). The evidence is mixed with regard
to hypotheses regarding the influence of this variable--on the one hand, foreign
firms may be expected to have more technical expertise, better marketing contacts,
and better access to finance, while on the other hand, they do not have the local con-
tacts and experience of domestic entrepreneurs which may be crucial if the policy
environment is at all bureaucratic or if the domestic factor endowment differs greatly
from that in the foreign company’s home country.

(b) Export to revenue ratio (CHEXPRR). The hypothesis that ex-
porting firms or industries are more efficient than those producing primarily for the
domestic market has found much support in the literature, It derives from the idea
that in the process of exporting certain benefits are conferred on the exporter such
as access to technological advice from buyers and general exposure to product
markets and competition in other countries.

(c) Energy to output ratio (GRENGYR), real average wage proxying
for skilled labor (GRRAWAGE), capital to labor ratio (GRTKLR), and local raw
material ratio (CHLRMATR). These variables will be used to test the hypothesis
that firms that use technology or inputs that are more suited to the local endow-
ments will grow more efficiently than those which do not, The expected signs would
be GRENGYR (-), GRRAWAGE (+), GRTELR (-), and CHLRMATR (+).

(d) Profit to revenue ratio (CHPROFRR). This will be used ostensibly
to test the hypothesis that firms in competitive markets develop more efficiently
than those in more concentrated markets 1. The underlying concept is that mono-
poly breeds inefficiency and has been subjected to much testing by Industrial Organi-
zation economists mainly in the context of the developed countries, Another related
hypothesis, also detived from Industrial Organization theory, is that there exists a
positive relationship between profit levels and concentration levels. This raises an
mteresting question concerning the relationship between TFP growth and profit rates,
especially since many studies use the profit rate as an indicator of entreprenenrial
success. The inverse correlation between profitability and efficiency that is implied
by the two hypotheses dealing with the structure of the market would imply that
this use of a financial success indicator as a proxy for success may be severely
misleading when trying to identify entrepreneurial characteristics that one may want
to encourage with a view to increasing economic efficiency.

(¢) Inventory to revenue ratio (CHINVENTRR). This variable is inclu-
ded partly to capture upswings and downswings in market conditions and partly to
capture one aspect of management efficiency. To the extent that it does act as a
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barometer for market conditions, a significant negative coefficient would provide
some support to the idea that capacity underutilization in bad times leads to falling
TFP growth.

The equations for TFP growth and change in techmical efficiency
exhibit very satisfactory explanatory power given that firm data is being used,
while that for technological progress has an R-squared of only .30, further fueling
the notion that technological progress is only a sectoral phenomenon., As a result
equation 9 offers little scope for further interpretation. In equations 7 nnd 8,
however, it is interesting to note that all the variables exhibit the same signs with
the exception of CHINVENTRR. This again indicates the importance of changes in
technical efficiency as the crucial component of TFP growth differences at the firm
level.

The foreign ownership variable is positive and significant in explaining
TFP growth while positive and not significant in explaining changes in technical
efficiency. It would appear that the positive aspects of foreign ownership dominate
the negative ones, but not through their influence on the process of improving levels
of efficiency.

In the case of the export variable, the coefficient, while positive is not
at all sipnificant in any of the equations. Several explanations offer themselves for
this counter-intuitive result : firstly, exporting firms may already be very efficient
and not have much scope for further improvements; and secondly, due to quota
systems (in textiles and garments) and ‘“easy” or ‘‘windfall” export markets
in certain sectors, the export variable may not be adequately proxying for the posi-
tive attributes outlined above.

The appropriate factor mix variables generally take the expected signs
and are all highly significant with the exception of the local material usage variable.
Firms which succeeded in reducing real energy input, which used higher levels of
skilled labor, and which increased the labor content of the production process relative
to capital experienced higher TFP growth rates and improved levels of technical
efficiency. With regard to local material usage, the negative coefficient is perhaps
explained by the fact that several sectors faced government policies which enforced
minimum local content requirements directly (automotive parts and electrical goods)
or indirectly via tariff raiff regardless of the economic or technical suitability of
local materials. Furthermore, it is conceivable that some firms attempted to cut costs
using local raw materials but failed to anticipate the productivity problems resulting
from lower quality andjor unreliable supply.

The most consistent variable, both in term of its positive sign and
its level of significance, is the profit variable. Given that TFP growth essentially
measures reductions in real unit costs it was not too surprising to find the profit
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variable 'sb significantly positive although one could have doubted the reliability of
such sensitive data, The significance of the variable in explaining changesin levels of
efficiency calculated from dynamic production frontiers is much more Intéresting,
however. It implies that the simple profit to revenue ratio, or rather changes in it,
dves actually proxy very well for improvents in enirepreneurial efficiency and
contradicts the simple industrial organization hypothesis linking high profit rates to
high levels of concentration and hence inefficiency.

The inventory ratio variable performs as expected in a significant way
in the TFP growth equation, but surprisingly is insignificantly positive in the technical
efficiency equation. Preliminary results following a methodology developed by Bruten
(1967) do indicate that changes in capacity utilization in the sample firms due to
local or world market recessions did significantly influence TFP growth during
certain periods.

5. Summary and Policy Implications

There is no doubt that explanation of TFP growth rate differences at
the firm or sector level presents a thorny problem. Nevertheless, in this paper, by
using an original and unique set of firm level data and applying economically sound
and innovative measurement techniques, certain aspects of the problem have been
elucidated. A main conclusion is that when analyzing firm or sector level TFP
growth rates, one must be careful to distinguish between technological progess,
which ‘tends to be largely determined by sectoral characteristics, and changes in
levels of technical efficiency which are very firm specific in nature. In particu]ar,
regression equations using TFP growth as the dependent variable may present
confusing results since the coefficients may be picking up the influences of
conflicting signals,

The regression analysis provided some mild support for the well known
_infant industry argument, but did not indicate that exporting on its own had a sign-
ificant positive influence or TFP growth. In general, preduction in line with dome-
stic resource availability was shown to be conducive to efficient growth, and the
bottom line measure of the profit to revenue ratic was seen to be closely related to
efforts to improve efficiency. However, given the importance of firm specific varia-
bles in explaining TFP growth, it would be useful to examine in more detail the
real firm level practices that influence TFP growth. This would provide more
substance to the somewhat mechanistic regression analysis presented above using a
set of variables that only proxy for the characteristics that one would like to identify,
Such an analysis, on the basis of 49 firm interviews is carried out in Brimble (1986)
where most of the insights in this paper are confirmed in a more qualitative, and
sometimes more satisfying manner.
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From a policy point of view, the results have several major implica-
tions : firstly, there would appear to be more scope 1o improve industrial performa-
nce at the firm level by improving the use of existing techoology than by encoura
ging the rapid adoption of new technologies. The large firm level differences in
changes in technical efficiency indicate that this could perhaps be addressed by
carefully planned programs to ensure the better diffusion of information between
firms in similar activities; secondly, the traditionally supportive policy of the Thai
government towards foreign investment would seem to be vindicated and any efforts
to restrict capital inflows should be very carefully considered on efficiency grounds:
and thirdly, given the. strong link between efficient growth and appropriate input
usage, government should carefully reconsider policies that distort product or factor
prices. Prime candidates for early reform would be the market distortions that result
from the tariff structure, the business tax system, and the investment promotion
system.
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Footnotes

1tpp growth is generally defined as the difference between the growth rate of
output and the sum of input growth rates weighted by their respective elasticities
with respect to output. The studies cited by Chenery (1986) calculate TFP
growth rates using value added and primary inputs. Many studies, including
this one, use value of gross output and all inputs in the calculation of TFP. See
Nishimizu (1979) for a discussion of this jssue.

zPreliminary in two senses of the word : firstly, insofar as existing studies attemp-

ting to explain TFP and efficiency growth at the firm level are very rare, In
a recent survey, Pack (1987) concludes that “‘the forces conducive to productivity
growth in manufacturing are not as well understood as is sometimes supposed.’;
and secondly, insofar as this paper analyses in detail only the data concerning
TFP growth. Future work will entail an analysis integrating the TFP growth esti-
mates with the static technical efficiency estimates. This integration will enable
a firm level consideration of the point made by Krueger and Tuncer (1980) that
studies of TFP growth alone provide little indication of actual efficiency levels.

3Due to space limitations, no comprehensive examination of the seven sectors will
be undertaken, When certain sectoral characteristics appear to be important in

explaining firm differences in TFP growth rates they will be mentioned at that
time.

4The presentation in this part follows closely that by Gollup and Jorgenson (1980)
and is by now relatively standardized.

SThe frontier estimation and subsequent decomposition used in this analysis closely
follows Nishirnizu and Page (1982).

6See the seminal work by Farrell (1957) and a useful recent survey by Forsund,
Lovell, and Schmidt (1980).

7See Chakrabarty (1983) for a survey.

8See Nishimizu and Page (1982) for a discussion and application of the methodology
to time series sectoral data from Yugoslavia, Handoussa, Nisnimizu and Page (1984}
for an application to time series public sector firm data from Egypt, and Page

(1984) for a static application of translog frontiers to cross-section firm data from
India.

g'.[‘he firm level data used in the estimation process was carefully checked for consis-
tency and accuracy at all stages of the calculations. Real values of gross output
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and intermediate inputs were adjusted to 1975 prices using appropriate price
indices from the Ministry of Commerce. The number of workers was used as
labour input. The growth of capital serices was proxied by the growth of real
undepreciated capital stock calculated in a perpetual inventory fashion. Input
shares were calculated as the ratio of current price input expenditures to value
of gross output in current prices. In order to avoid the problem of negative
expenditures on capital services, such expenditures were calculated from total
capital stock estimates on a cost recovery basis for the share calculations.

10/ the estimation of the “best-practice” frbntier. it was assumed that technolo-
gical knowledge was never lost over time, sothe frontier was constrained to move
forwards.

1lTndeed, there is some evidence that those sectors with relatively rapid growth in’
technological progress tended to contain more firms that had fallen behind than
sectors with lower rates of technological progress.

12[n fact, in the absence of any good studies on market structure in Thailand, and
faced with a problem of devising satisfactory measures of the *contestability” of
markets, this hypothesis was more carefully examined in a more subjective way in
Brimble (1986).
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