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MEASURflw1ENT OF INDUSTRIAL PRODUCTIVITI' :\ND EFFICIENCY 

INTRODUCTION 

Productivity growth meansures are intended to identify changes in 

the level of production that cannot be accounted for by changes in the 

quantity of the corresponding input usage and the characteristics of the 

original production process. Studies in many developed countries show 

that productivity growth is an important factor determining the growth of 

real output of the countries. Bowever, In most countries the importance 

of productivity growth was not been adequately emphasized until the past 

decade. This is because during the 1960's most countries experienced 

stable and respectable rates of growth of real inco:;1e. In addition the 

short-run problems of unemployment and inflation could usually be 

controlled by the manipulation of aggregate demand of the economies, by 

trading the target of unemployment reduction for another target of low 

inflation. Since the early 1970's (~he period of a series of oil crises) 

however, economic growth of most countries has slowed down. Besides, 

em2rged frequently inflation and unemployment problems have 

simultaneously (stag Cat ion) . These slow growth and stag flat ion problems 

are difficult to be solved by using the traditional te-:hnique of demand 

management adopted in the ear lier decades. Economists therefore shift 

the attention to investigate the problens on the supply or the production 

side. Many studies on the source of growth o[ production show that 

during the period of stac_iflat1on productivity of labor also grew very 

slowly. The slow growth of productivity in turn led to more decline in 

output growth and more aggravation in the inflation pressure. This 

implies that the improvement in productivity can not only decrease the 

above pressure, but ; t can also elevate= the standard of living through 

the faster growth of outp~t in the economies. 

' 
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The study of how to improve productivity growth is a complex 

subject. In most countries, especially in LDCs, reliable data for 

measuring productivity are scarce. When not much is known about the 

measurement, it becomes difficu:;.t to evaluate the effectiveness of any 

policy to improve productivty. Having recognized all the needs and 

difficulty of studying productivity growth, it :.s imp:Jrtant that more 

research should be done in this field to improve data collection and 

measurement met;1ods so as to be able to determine factors helping the 

':lrowth of productivity. This paper attempts three things: First,it 

measures the productivity growth of the manufocturing industries of 

Thailan~ based on the ~ast available data. Second, it prov~des 

explanation on the changes in productivity over times. Finally, it 

decomposes the source of the productivity growth in~o changes in 

efficienr.:y and other factors such as technological changes. Before 

presenting the productivity measurement and analysis the following 

section will provide a brief survey of various prnductivity measurement 

methods. section 2 discusses the methods chos~n to measure output, 

inputs, and productivity growth of manufacturing sector in Thailand and 

data sources. Section 3 analyses the estimated TFPG. section 4 

measures efficiency leve~s of firms of selected manufacturing industries 

and separates tll.echaqJsin efficiency from the productivity growth measured 

in the previous sectlOi18. Section 5 is the summary cmd conclusion. 
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I. VARIOUS MEASUREMENr METHODS OF PRODUCTIVITY GROWTH 

.. There are three approaches of the measurement of productivity 

namely, the index number approach, the neoclassical production function 

specification approach, and the cost function rrodel approach. 

1.1. The Index Number ~pproach 

The index number approach has been ~sed extens.:.·1ely by 2Dth 

Denison and Kendrick i:1 :::!1e '"orK at c.'1e aggregate :..e•1el. T'.":e ':'FP inJ.exes 

are the rat10 cf two sepa~.ate indexes, one for out~ut ~nc the ot:'.er for 

inputs. The output index can be either 3. simple or ·.;e.:.c:.ted average of 

hete:::-ogeneous JO int outputs. The .:.nput index c:.::.n be represer:tec: -:J'f a 

si.ngle factor, say litbor, o:-:- the '"e.:.ghted averac:ie o:: all ?nys ic.al ir:put:s. 

~hen the prorluctivi.ty is ~easured by the ratio of outp~~ .:.ndex 3~d t'.":e 

index of a single :.S C2.:.le6. 

siroducti.vit:y measure. When it LS t.he rat.:.o of ouq::ut ::'.c:ex ar.C. :::-ie .:.::de:-: 

of weighted average of dll .:.nputs, it is called :::otai factor ~roduct1vi.ty. 

1.1.1 Partial Factor Productivity 

by t:.,,.o :_::r.Lmary factors of procdctlon n.m~ly Labo!' ::.) 1r:.::: ::3.pital : ... j • 

part~al ~actor productivit~ :an be e.:.ther labor ?!'.'Cdu::t~vlty or c3.2it~1 

prod'..1 Ctl. vity. 

\i 
(1) La.bar producti.vi.ty: :..? = 

L 

., '.... 
(2) Sabor productl.'Jlc·: c;rowr:.n: :..?c 

IJ L 

(3) ca.pit.al productivity: v 
K 

v K -( 4) Capital. producti•1itf growth: 
v K 

where a r't represents ~ time derivative. 



- 4 -

Lalx:Jr productivity (in terms of manhours or nUI:'!ber of workers} 

is a nore familiar measure because data for the measurement are easier to 

obtain and it is more interesting to see the changes in real output per 

workers. In contrast, capital is difficult to rr.easure and the concept of 

capital productivity is obscure. However, the defect of either partial 

productivity measure is that :he measurement may include the effect of 

substitution of one factor for another (movement along the same productlon 

function) rather than purely technical improvement in production (shift 

in production function) . 

1. 1. 2 Total &actor Productivity 

~s noted earlier that the ~easures of productivity qrowth 

based on a single input cannot necessarily be due to that particular lnput. 

The rise could also be attributed to the increase in capital inputs, to 

higher rate of capital ut1lization or to techr.ical chance. Thus, the mor2 

accurate measurement of productivity should reflect the JOlnt effect cf 

all factors of productions. This leads to the concept of multi-factor 

(total factor) productivity, with the following c:;::nercil form: 

(S) TFP I/ 

':iL + i3K 

where a and Sare some appropriate weights, usually representt!d by labor 

and capital shares respe~tively. 

There are many approaches for measuring totaJ factor proo.uct1 vi t'j 

growth (TF?G) . The more comrronly used ones are Ke;1drick 's arid Denison' s 
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1 d h . . . . -1 arithmetic measure an t e geometric measure in~~iate~ by Solow2 (discussed 

:n details below). For the arithmetic measure 

(6) TFPG - l 

where the subsc:.:-ipts t ar.d D denote the time t and the base per·iod 

respectively. 

In the case when t~ere are multiple outputs and inputs, it is 

necessary to specify d method of aggregation in order to find the output 

and input indexes. The methoa frequently used is the Laspeyres indexing 

procedure applying to output ar.d inputs. 

Suppose the production of Q
1

, Q, ....... , Q is the output of 
- m 

putting in X,, x
2

, ..... , 1: i.nto the process of production. The Laspe:rres 
.L r, 

index of output! 

(7) 

i's ·measured by 111 

E P,.., .o . 
i:;;:l u,i"'t,l. 

m 
z P

0 
. o~ . 

i::::L" I 1 ""O' i 

m 
z p .Q,, . 

0 I J V f i 

i.:::lm 

m 

i: Po .Qo · 
i==l ,l. ,i 

Z Yo . Q . . l ,i t,l. 
1== ---

Qo . 
' l. 

Qo ·-, l. 

where P . and y . are the price and the revenue share of the product 
o, i 0 ,i 

Q at the base period. 
l 

Equation (7) shows that the taspeyres index of output is in 

fact the weighted averaqe of Qt,i us1r.g the revenue shares at the ba~e 

Q . 
0,1 

period as weights. 

' 



( 8) 

- 6 -

The Laspeyres index of inputs is measured by 

x 
_t 

XO 

n 

l: 
x x Po . t,i 

j=l 
, l. 

n 

l: 
x 

XO,i Po . 
j=l 

, l. 

n 
x 

l: PO . XO . 
, l. , l 

j = 1-__..:.--.'-
n 

n 

I 

j=l 

x 
l: PO i XO . 

j=l t 1 l 

w x 
O,i t,i 

XO . 
I l. 

xt . ,1 

XO . 
,1 

where Px . and w . are the rental rate and the value share of input X. 
0 1 .l 0 1 l. l. 

at the base period. 

Equation (8) shows that the Laspeyres index of inputs is the 

weighted average of xt . 
I J. using the cost shares of the base perjod as 

x . 
weights. 

0, l. 

has show1; that the Laspeyres index is 

inexact except when the underlying production function is line~r and all 

inputs are perfectly substitutable in the production process. 

1. 2 The Product ion Fune t ion Aooroach 

Another approach for the measurement of total fac~cr productivity 

is the Divisia indexing procedure. It 1s basei on the underlying production 

function Q 

inputs. The production function is assumed ~c be homo9eneous and ~wice 

differentiable. 

(9) Let Q(t) = F [t(t) I K(t) I M(t) I t] 
where L(t), <(t), M(t) are iabor, capital, and intermediate inputs 1t time 

t respectively. 

Under competitive profit maxim1zinq equilibrium 

(10) ~ L(t) + y(t)K(t) . K(t} +- P (t)M(t) 
m 

MltJ + Ft(t) 

Q (t) 

W(t)Lft) 

P{t)Q(t) L(t} P(t)Q(t) K(t) !>(ti Q(t) M(t! I) ( t) 
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Without having to estimate the production function or the 

output elasticities directly, ones can measu£e the total factor productivity 

growth (TFPG) from the followings differentia.1 equation as if it were 

an "accounting identity". 

( 11) 

" [ n(t)~(tl + 
" 

+ yltl~ltl] F (t) = Q(t)- p(t) K(t) 
t 

Q ( t) Q(t) L(t) K(t) :-1( t) 

where a(t), S(t), and y ( t) are labor, capital ~nd raw material shares 

respectively. 

The above equation is the Oivisia index of TFPG with continuous 

time. The discrete approximation of the TFP index will take the following 

form: 

(12) F (t1 
t 

Q(t) 

\lnQ(t)-lnQ(t-11\ -[(•ltl:ult-1) \ { lnLltl-lnL(t-11 l 

Equation (11) can also_ alternatively oe written as follows for· 

TFPG to be computed by using the input-output coeificie~ts: 4 

(lJ) F ( t) 
t 

Q ( t) 

where a. (t) 
J 

M. (t) 
_]_ 

Q(t) 

a. (t) 
J 

b(t) = L(t) 

Q(t) 

+ a(t)~(t) + B(t)~~1 
b (t) c (t) 

C(t) = K(t) 

Q( t) 

and M. (t) is the j-th type of intermediate inputs. 
J 

In this 1 orm '"FPG b · .L can P- interp;·eted as the measuremeni; of 

tne changes in the input-output coefficients over time. 
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TFPG can also be measured by explicitly specifying other various forms 

cf production function. The ini t:ial .,...od: is d::rne b'.' Sclo,:5 - . 

e:::st.:;:-.rtions of conste:r,t n:turns tC· s:ale ar;s E1d:s' ;H::-.:~.J... tecr.n1ce:.i. 

.::r.ar.c;:r(;:, the function ccL b£: ...,._·ittLn in ·_he fcrr: 

( j:.) V(t) = A(t)L(t~ K(t)l- a 

er.a tht:: index of 'ITP is 

A(t) ""V(t) -la ~(t) + (1-a);(t)-, 

A(t) V(t) L(t) }:\t)J 

(15' 

Following Solov:'s work, other studies have speci.fie:o the productiori 

fonction in a more general arid flexible foms such as CES, translos, 

generalized Leontie!, and quadratic specifications. Belo.,... will present 

b 
the general form of the translog production functic. • 

(16)lnQ(t) ~ a + ex l nL ( t ) +a 1 n}'. ( t ) +CI 1 nM ( t ) + a • t 
0 L K M t 

+ ~ f 1lnL(t)\ 
2 

+(. lnL(t)lnK(t)+f'. lnL(t)lnM(t) 
LL LK Ll~ . 

+BLt ilnL(t)~.t+ ~ eKY:{1nK(t)?
2 

"l-8Y.MlnK (t) lnM (t) 

{ lnK(t)\ .t+ ~ eMM{lnM(tJ~ 2 
+ s~t{lnM(tl~ .t + + ~; 

Kt 
~ e .t 

tt 
2 

' 
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The output elasticity or the value share of each input is 

(17) VL = alnQ(t) =aL+8 LLlnL(t)+8LKlnK(t)+8LMlnM(t)+8Lt"t 

alnL (t) 

(18) VK = 3lnQ(t) =aK+ 8L.KlnL(t)+8KKlnK(t)+8KMlnM(tl+eKt.t 

dlnK(t) 

(19J VM = 3lnQ(tl =ai-t SLMlnL(tl+SKMlnK(t)+S~.MlnM(t)+SMt.t 

dlnM(t) 

The Divisia index of TFP with continuous time is 

a1nQ(t) =a +6 lnL(t)+8 lnK(t)+6 lnM(t)+S .t 
t Lt Kt Mt tt 

Finally, the discrete version of the above TFP index is in the form: 

Notice th3t the index of output or each of the factor inputs 

is itself the Divi.:>ia index of its compnments. For r~xample, the Divisia 

index of the labor input can be written as: 

( 22) I 

lnL(t)-lnL(t-1) Ltl .(t)+-V .(t-1)\{lnL.(t)-lnL.(t-l)\ 
. LJ LJ J J 
J --

2 

where V . (t) is the value-share of the j-th ~ompoment of labor input in 
LJ 

the total labor compensation. 
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1.3 The Cost Function Approach 

An alternative appro3ch to the measurement of TFPG is based on 

the cost function dual to the production function? TFP here is defined 

as minimum ccsts net accounted for by variations in output and input 

~rices. The ccst function :s assumed to be homo~eneous and twice diffe-

rentiable. Using C, W, r, ? , C and t to denote the cost func~ion, ~age 
:'.1 

rate, capital rental rate, :ntermediaLe input ~rice, cutput, and timL 

rescect1vely, the ccst function C can be written ~s: 

( 23) c G (W, r, r_, Q , tl 

Under competitive equilibrium, 

( 24) Clt) 

Where 

( 25) 

G (t) 
t 

C(t) 

y(t) P (t)M(t) 
+ m W(t)L(t) w (tl y (t) K.(t) 

+ 

C(t) W(t) C(t) y (t) C(t) 

EQ is the cost elasticity with respect to output. 

P (t) :: Q(t) G (t) 
_m __ + Q __ +_t __ 

P (t) Q(t) C(t) 
m 

The TFPG can then be derived to be the following equation: 

~ (t) _f ~ (t)L (t_l_ .~ (t) + 

C(tl l C(t) W(t) 

y(t)K(t) .y(t) 

. C( t) y (t) 

+ 
P (t)M(t) .P (t) 

m m + 

C(t) P (t) rn . 

If we approximate a second-order Taylor serier to the cost 

function, we can obtain the translog cost function of the following form: 

(26) 

lnC(t) = 6
0

+6 lnW(t)+6&lny(t)+6 lr~ (t)+5 lnQ(t)+6 .t 
L "' M rn Q ·t 

+~6 {lnW(t)J
2 

+ 6LKlnW(t)lny(t)+6 lnW(t)lnP (t) 
LL LM m · 

+ 6LQlnW(t)lnQ(t)+6Lt{ lnW(t)} .t 

+ ;oKJ<{lny(t}2 +6KMlny(t)lnPm(t)+6KQlny(t)lnQ(t)+6Kt{1ny(t1.t 

+ ~6 {lnJ>rr,(t)l to r}nP (t)lnQ(t)+6 {lnP (t)} .t MM M._ m Mt m 

• '\,QllnQ<tf +o0 fnQ<t1J. t + ''tt.c' 
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Taking the logarithmic partial derivative with respect to 

input prices and applying Shephard's Lemma, we obtain 

u ;: alnc Ct) = 6 L+ .oLLlnW(t)+~LKlny(t) + 6LMlnPm{t) 
L 

<nnw ( t) 

UK = alnC(t) = 6 ·+ 6 lnW(t)+o lny(t) + 6 K.~lnP m (t) 
cHny (t) 

K KL KK 

UM t1lnC(t) = 6 + 6 lnW (t)+l5 lny ( :__) + 6 ~1lnPm (t) 

JlnP (t) M ML :·tK 
m 

UQ cilnC(t) = 8 + 6 lnW(t)+o lny(t) + 6 rn .. ?nP (t) 
Q QL QK :.·· m 

dlnQ (t) 

The oivisia index of TFP t.,rith continuous time is 

-U = dlnC (t) 
T 

3t 

+ 6LQlnQ(t) + 6Ltt 

+ 6 KQlnQ (t) + 6 Ktt 

+ 6MQlnQ (t) + 6 t 
Mc 

+ 6 QQlnQ (t) + 6 t 
Qt 

'fh2 discrete approximation of the above TFP index can Le written as 

(27) 

(28) 

( 29) 

(30) 

(31) 

' 
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3 SE:e W.E. Diewert, "Exi:tct and Superle:tive Index ?lumbers," Journal of 
Econometr~cs, Vol.4, 1976, pp.115-45. 
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7 See for exa.T.ple, D.W. Caves, L.R. Christensen, and M.W. 
"Flexible Cost Functions for Multiproduct Firms," 
Economics and Statistics, vol. 62, 1980, pp. 477-481. 

Tretheway, 
Review of 
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II. THE ~IEASURENENl' OF TFPG OF TlLU MANUFACTURING SECTOR 
.:\ND DATA SOt;RCES 

The manufactur ir.3 sector in Thailand grew at a very East rate 

over the past two decades. 
The share of the sector in GDP increased 

steadily from 13 .6 percent in the 1960s to 18. 1 percent in the 1970s. 

The industries which grew faster in the 1960s were the import substitut-

ing ind us tries. The ones which had the more rapid growth in the 1970s 

wer~ mostly ind us tries producing products to be exported. The rapid 

growth and structural change of the industrial sector were in reponse to 

changing government policies. 
In the 1960s when industrial development 

planning was in the initial phase, the policy was to promote imp:irt 

substituting industries. Since the early 1970s, however, the policy has 

been shifted to emphasis on promoting industries of an export - oriented 

l 
nature. 

It is important to study the source of the growth of the 

manufacturing industries in relation to the changing Industrialization 

policies. In general, the sources of the industrial growth can be from 

either the demand or the supply side. Industries grew when there were 

increases in the de~and and the supply of their products over time. The 

increase in the demand of their products can be accounted for by import 

substitution, increases in exports, or increases in domestic utilization. 

On the other hand, the increases in th0 supply cf the products ca~ be due 

to the increases in real inputs or their productlvity over time. Studies 

on the source of the industrial growth in Thailand on the demand side 

2 
have been done, for example, in A~rasanee (1974). Ht,wever, very little is 

known about the source of the growth on the supply side. our paper 

' 
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intends to contribute to the latter knowledge, with an additional attempt 

to link the source of the growth to the changing industrialization and 

trade policies. Under our approach the rate of growth of the 

manufacturing sector will be decomfX)sed to be from the increase i~ 

physical inputs and the total factor productivity growth (TFPGJ. In this 

section we will present the methods chosen to measure real output, 

physical inputs, and TFPG. It will also discuss the nature and sources 

of data. The results of the estimation and ar.alysis in relation to the 

various policies are left to be discussed in the next section. 

As shown in the previous section there are many methods for 

measuring productivity growth. The measurement which is based on 

multiple factors of production namely TFPG, is better than partial 

productivity in the sense that it measures the contributions of all 

inputs on the production. The rate of TFPG is essentially the rate at 

which real incomes to all fact~rs of production can increase, consistent 

with unchanged factor i:ihar~s. A higher rate of TFPG indicates the higher 

attainable growth rate of real incomes of all factors of production. 

TFPG can be measured by the production function approach, or its 

duality, the cost function approach. The measurement of TFPG using the 

cost function approach requires yearly data of prices of inputs and 

output which are not available for our study. For the product ion 

function c·.pproach, TFPG can be measured based on a general form of 

production function or on an explicit fr)(m such as the Leontief, the 

~.,bb-Douglas, or the translog types. In our study the underlying 

production function for measuring TI'PG is that of a general form 

Equdtion (9) That is it can be any production function with the 

propertiesofbeing linear homogeneous, twice differentiable, and possible 

for all inputs to be substitutable in thE· production 0f dn output. 
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Based on E4uation 9 •:hich is the general form of a production 

function the discrete approximation of continuousDivisiaTFPG index of an 

industry, say the i-th industry, can be written as follows: 

(33) TFPGi 
, •t\L) + .t(c-1) 

( .: 11 \ l i ( l ) - ~ 11 i ! j ( t - j ) j - I ( ------, - - ; 
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For the TFPG of total industries, denoted by TFPG, the Divi.si.a 

3 
index approximation is defined as 

(34). 
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In estimating the TFPG frum equation 33 ,i.e first need to measure 

real output, real inputs, and th~ shares of all factors of production for 

successive years. The industrial census conducted by the National 

Statistical Office of Thailand (NSOT) is a major sour-::e for data on 

production, intermediate inputs, number of war kers, the stock of fixed 

assets, depreciation, and the wage bill.4 However, there is good reason 

to believe that these data dramatically understate the growth of output 

for many industries. As a result the NSOT data were supplemented with 

data from the Ministry of Industry (MOI), the Ministry ot Commerce (MOC) , 

the Bank of Thailand (BOT), and the National Economic and Social Develop

ment Board (NESDB) .5 

NSOT census data are available for the years 1963, 1968, 1970, 

1975, 1976, 1977 and 1979. The data for all variables except for 

fixed assets and depreciation are available at both three- and five-digit 

ISIC aggregation levels in the published census of the NSOT. 

The lack of data on fixed assets and depreciation at the five-digit 

ISIC level made it impossible to estimate the TFPG of industries at the 

more di~aggre~~tPn five-digit ISIC level. 

The NSOT census is in actuality a sample that is drawn from all 

firms with 10 or more workers. The response rate of the NSOT census 

sample is about 75 percent, although it varies from year to year and 

industry to industry. The Ministry -of Industry has data on output by 

corrunodity groups, The data cover all firms with 10 or more workers. One 

can aggregate the Ministry of Industry commodity data into esLimates of 

total output for five-digit ISIC industries and find the growth rates of 

total output for three-digit ISIC industries by methods described in 

the following Section 2.1. 
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There are significant ditcrepan..:ie::; betwee:! the growth rates 

of real output of the three-digit ISIC industries reported by the NSOT 

and that implied by the aggregation of the Ministry of Industry 

commodity data on commodity output. Our estimates of TF'FG are based 

on the Ministry of Industry data because they cover more firms. 

However, the Ministry of Industry data cover only total output and 

contain no information about factor inputs, so we need to compute 

data on factor inputs. ~or each year with Nsar census data, we 

estimate data on factor inputs for thre.:-digit IS!.C industries by 

adjusting NSOT data on all factor inputs by the ratio of our estimate 

cf total output based on our aggregation of data from the Ministry of 

Industry to output data reported by the NSOT. 

' ' 
For each year without census data we were able to compute esti-

mates of total three-digit industry output from aggregating output data 

from the !-tinistry of Industry. Data on inputs ~ere esti1nated by apply-

ing a varLmt oi r.he p.::occdure de~cribcd. 1.1.bove. E3tinu.tes for any ape-

citic lnp11t were derived ~y multiplyi~g our output ~stimate by the ratio 

of i.;he input to OUt\'.)ll:: WtH:"Ce tht! rutiOS W<!re derived f-_-om interpolation 

of NS01' tlatil. Thb rroi:c<lur.e fa i:::.cpla!.ned more ~reciscly ln ~qu.:ition 

(15) r.elow. 

' 
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where 

(36.) 

(37) 

where 

For each indui;try, 
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/:i.C.(t.) ._.. t::S!:.1Q.:!Le vf U~pL.:C: C:" Variubl..: i ot the i-th induSt:.y' for 

;~ • • ' • { . 1 0 c h d £ 1 .. , ~~) ~ est:i.rr.Jit1.: c~ input :n vr.r~nb~c ... o ... the 1-t in ustry or 
l.l 

year t baGed on NSCT dace (see b~lo~) 

Y~(t) "' estimate of outpu: o:: th~ i··th industry for year t based 
..( 

on NSOT data (see belo~) 

i .. l, ..: , ... j n t .. 1. 2, ... , T 

f ..,. raw material inµut, "711ge: bil 1, fixe:d asaetti nnd deprecia-

YN ( ·i i t;. "' e 

!.\ t 
i N ro· y. ·. ) 

tion. 

~·~l..(G~) .. NSOT dat0:.:. on input or l'Jrii;Lle £. of the i-tt. tndustry 
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-: • ~~ # \ 

i L \. t _.: . 

e~timatc or chc wage bill (d2bcribed ab0vc) by nominal wage races ob-

tain~d frum the N~ITr ~eusus. Real capi:al lnouc ~~a estiillatad by 

2.1 Real Output 

coU'.IUOdity uuti)Ut !:L1 ;ni:!aSurr. oucput of cJ,:h :':!..vi:-J~ git ISIC industry. 

Second, \ole 1~3ed th•:.: renulr 1..ng outp~i: d3.:.:a tD c.omputc ~he •:ontinuoua 

growth rate of ~ach fi·;e-d1g:U: I:·ilC L-.du3C:,'. Ther:. ttnallt, we 1:1ea-

:;ureci th1.! s:-owrh ratf.: Gt real Octtput of the t:hre.e-r~!git !SIC indua.try 

:_src tnJustcte::i, l.~. 
1 

th.>1H. t~ith the'. a1.iLlf! !:·-1ru~. ".h:·ee !i3i'..:9, using 

aharcs w~re obtained ~rom the NSOT c~nsus ~o as to b~ con~iscenc Jith 
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fector input d&t& cf thre~-i!S~L ~ncu~trie~ obtained from the NSOT.
6 

This metho<l of mC"1SUZint gro1Jth r:1.:;:,c rJf re.al :.;uq.iut we.ii the 3.pprcxima-

r.ion of th~: con"CinutY.!t.o D~-·1isiz. i n<le:·: c.t real 
7 

01..:Cpu'.:. Th~ procedure Gf 

the cstlmnt.ion of the rntc of growth ot ceid output of each three-digit 

ISIC ind us try is de::ic.d bed :nore precitH'l~· beloi:. 

and 

where 

and 

Le~ 

Y.(t) JC the ~SOT 1 s value o~ prc~~ction cf the i-th r.hree-
1 

dig::i.t ISIC induutry ut tit!t-e t 

~ij (t) oE.. the Nsc:·.:.·' :-. ..,,.;i·~:.H: of ri-::-oduction of the j-tt-. five-digit 

Qij (t) ue the u:..l-fin1 pi:_·2.:..c..:.1 o•:tpu·: of ::r1e j-th fiv~-digit 

in tiH: :!.-tit '-h:=eE::-Jlglt ISIC i.ndus:.;ry tit time t 

Qijk (:.:) be thf~ .:l:!.-~i-::-m pL•;:::;~ud dt:tf" .. : c,, the k-tl1 commodity 

cJ.tego-.:lz"''" Lr: .~he J --:;1 ;...i..vt--·eiig!:: ""hich belongs to the. 

pijk(t) be ::he: rr~.l~t~ve. ? ·:iu. cf: (: (t~· 
':.j K . 

f . b C' tlie ~or,. t !.nuout: ~~G~·:!:i"j t<LlLfi uf Q-l ~ ( t) 
qij"tj -.; 

q~ (t) be the ci..;nt ·.:..nu0uL grm.;tl~ ;:-f't.e o~ ou:f)ct 

thre~-dir,1:: ISIC !.ndm1 try ~t t ioc t: 

ilDJ.,2, •.. ,n 

j•l,2, ... ,tn 

k "' l, : .• 

t"' l, 2, 

r 
••• ) J,, 

,.. .... , ~ 

of the i-th 

to ob::ain tlie fl.0 llawin;:,. 

Fi.rEt, w:: ot">ta.ined [:;c. NSOT' 1-; V[d u.:.: of jJ~oauct:ion of thrci:-diglt 
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2.2 Real Intermediate Inputs 

share in totu} ir;L:enn·.::diat<: ' ' 
:.i.1qL.t;:~-l e;~L wc1r:!tS. 

'-Ji: would df'flatc :~;;..:L of thee,!',. 1~-"" (11,,·r~ pric._ dt':-;ntor and aggrq;;.,;Le 

la our ~tudy, rhc 

'1 
:;,,n tcrm•!dia tL ~llpL:L',. 

und 

DM (t) bC! tr,l· dcflntor. oL l;:term.:dt.:.:~·1· ~np:.:ti. 1;~ r::ht: :i-·U: ::tn~!'.-
1. 

DH 1 ~(t) Df: thr. Jc:U.-~tor .-;f t11.; i-tu 111l:>:--t:wrL.Hl·:· input tfo~(~ in ... , 
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. where 

i. .. 1, 2, . . . , r • 

j l, •l 
r.i -. . . ~ ' 

WC .:ib ta in 

ru-1 ... (t) 

(42) 
iU 

'f'h:: ;;ourcc of datu f.:.r Jdlatcr~ L~i!j (t) lol8!i tl:c Mir::!.t!tr:r of 

c.,imncrce' s whol<!:><tl'.! price :.:..ndexcs of lndub crit.!s al!d tb~ bi:.1rn year h'li5 

1968. 10 The vulue ahnr~s w~re co~puted from the input-output coble f0r 
·" 11 

1975 which 1s.:cun:-c..:r.t 1;1 thr· or.ly on1.; r.'w':Il1a'blt:. If :~ ... n1.:. finishP-d ra'W 

flatora DMi, (tJ tor tli1• ?<~.:?rn b~'tJr:: ucc1 after 1975. Tile b1.a1H'S arc. 
.J 

that bcfor.! l':n.5 the c·..:flator~ nn~ t:I.~ f;!'Ci.ith oi r~ttl intt::-n.1::Jiatc :in-

puts will Le overestimated, while the TFPG will be un~erestimated. On 

the other hand, :::i.fter J975 thP. bfas~::i an! in tl1C opposite d1recti..1n. 

However, if the change:~ :ir. the ·.iei&Lt!:l over t illle bre not pronounced (as 

found in the oi: Turkey in Y.:-ueger :md TuncP.r, E/81)' 
12 tbc b1 c.1;f:9 case 

will not ba s1gnHicl1nt anci ou:- :!lethod i1hould provide ttn accuratt: 

. 
measureuient of r~al intet111.:.!c!iate: inputa ~nd their growth. 

' 
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2.3 Real Capital Stock 

type at .:my µc:-io.J, :-t-ri: caj'):i tLil :;tee\ \;L!: ul·:ainc.d by i.ddinr, curre'1t 

gro~~ 1nv~stmc~t ~t con~tart pricc6 to t:hc TLui cLpitnl ~~ock of th~ pre-

nnd 

wht!re 

.tmd 

1bat is, if we le~ 

1:
1

, (t) ·r,e tliL re.•l CLFitu} noel~ ~f ~iie j-tl1 type of the 1-tb 
.J 

inciu~try 'i~ tit!".~' : 

Cl ij { t) be: the grc..t:~' 1nvt:£tticnt flo;..• or. the j-th ty;:ic of capitLl 

of the 1-:h indu~trv a~ timt t 

l'J. (t) b1; tl:r invc.:~;t:!IH'nt defl11t:cr r:f tile~ :\-!h t)'p£. of capitel ut 
J 

1 Ir J_ > 'I 
~, ... , n 

j • l. 2, .... , m 

t r. U 1 J. , ..: : ••• , T 

then 1.11..~ obt.:in 

(43) 

By h proceaE of iterative sub8titution of K1j(t-l) in equ&tion (43) 

we can 1ffi te 

Glq (t-i;) 
~---
PI j (t-i,.) 
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where K. (O) is che initi~l real c3~ital ~tock of the j-ch rypc of the 
l.j 

i-th indusny. 

In our estimation of real ca?ital stock, we riefined the rates of 

depreciation as the r2ciprocal of the econocic life of different types 

of capital. The real capital gtcck estimation therefore requires n 

yearly measurement of four kind::: of variabJ.es, namely, groes invcst:nent 

flovs, investment deflators, initial real c~pital stock and the economic 

life of the two typeN of nsseta. Tile measurement methods and data 

sources of thee~ variabl~s are described below. 

2.3.l Investment Data 
The t!.rue $eries of gross nor..1nal inves trncnt 

data are not ,~vallablc. We estimated thew by making use of the NSOT's 

revised indu!itrilil censu6 data, to represent .::ill fin"-S, of net bock v;::.lues 

13 
of fixeJ a~setn and ct'iHeciotio:is dur:!.ng tht:! year. The 3rot>s nominal 

investment ct a period was def ioed to be the change in ne: book values 

from the previous period plu::i the depreciations in t:hi.t period. !11at 

is, by letting 

NBVij(t) be rhe uct beak value of the j-th type of capital of the 

i-th three-digit !SIC industry at time t 

and n
1
j(t) be the depreciations of the j-th type of capital of the 

1-th three-digit !SIC industry during the period t, 

the gross nominal investment on the j-th type of capital of the i-th 

industry at period t, GI
1
j(t) can bP- defined as 

(45) 

where i • 1. 2, •.. , n; j 1•2, •. , . ,m t 1 , 2 , •••• , T 
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2.3.2 I1westment Deflators 

Since the estimated gr..:.>ss invest ... ent 

series of each type of asset obtained above were £t current prices, they 

had to be deflated by appropriate investment d~flators to obtain gross 

investment 1n real terms for estimating raal capital st0cl in equation 

(44). The deflators for buildings and structures w~re from wholesale 

price indexe~ of cor~truction materials; those for machinery, equipment 

and vehicle:s were from th~ "1eighted average of thE: indexes of n:ac.hinery 

and equipment, and transport equipme~t whose weights are their value 

nharc of total investr.ient ir. them. 14 The price indexes of nll assets 

15 we rt from the Ministry of CormnE:rce and the b.ase yaar \las 1968. 

2.3.3 Initial Capital Stock 

According to our u.ethod of estimating 

real capital stock with gross invest~ent incteasir.g nlong its time 

tr~nd, it is noticeable from equation (44) that the further back the 

initial year of c.11pitnl stcck we have, the b'ctter estic.'!.tea of the 

present capital &tock we can obtain. This is becnuse vith the p~ssage 

of time the invest~cnt of previous periods constitutes a smaller and 

smaller portion of the current c~pitel stock. Should there be any 

errors in the investment dnta of initial year&, these will affect our 

estimates of the current stock mininuilly. 

For Thailand, the earliest yenr the relevant data available for 

estimating initinl capital stock by manufact:uring indu&try is 1949. In 

16 1949 datB from the National Economic and Social Dev~lopment Board 

existed on total fixed capital formation of the aggregated industrial 

~cctor 1 but these data were not separated into induBtriea or type of 

Cllpi tal stock. In order to find fiY.ecl capital formBtion of each 
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industry to represent carnin<ll inve~t~ent of the initial year or 1949, 

w~ pror.at~d the total fixed cap..:.c::l. f.Jnu::tion by each industry's :jhare 

i toc ,.,l ] 'd d ~ l 
17 ~ I d n u va_ue-aa e o~ t~e Bcctor. -~ch industrf s value-ad ed in 

1949 was ~stim.atet! by multi.plying the indu~tr;·'i:; v<alue-otdde<l per em-

ployee figure by its number of workers. The datn on value-added per 

employee by industry were obtained from the United Har.ions Industriul 

Development Office (1963). 13 and those 0n the number of workers by in-

dustry were from Thail;;~d's 1949 ct!n::ius (National Economic Council, 

Central Scatiscical Office, 1952).
19 

After obtaining the total initial tnvetitrnent or capital of the 

initial year f~f each induut.ry, we i:;epur;:.t·.~d it further i1•to components 

of buildings and structures; and !llacn:i.n~~ry, 1!quipre.~nt and vehi.;le3. TI1e 

proportion of each component was the overaE~ o; the proportions 3CrQSS 

years estiwated from u11 the available ccr!SU!; d.:J.tu. 

Uaing th1:. 'initial year of i::wcst;nenL of :!.949, '-It: .c;ec thut the 

1949 fixed capital formation is le;>& than 10 perr.:ent uf the capital for--

mation in 1963 :.mdthree percent vf that in 1979. With the depreciation 

rates deHcribed in the following section, any po~5ib1e error~ in the 

estimates of initial capital stock will be e~hodied it1 a ~mall portion 

of the estimates of capital ::.;tock of 1963 to 1979. In fflet, the errors, 

if an}', of the estimates oi inir:inJ. Lr.vcstnent in mdcbinery, equipment 

and vehicles alwost vanished by 1963. Meanwhile, thoae of the buildingH 

and structures estimatt:s ar•! ~mbGdied ln no aiore than five percent of 

the estimates of c:ipital stock in 1963 ...;nd one to two r>Crcent i.n 1976. 

2.3.4 Economic Life of Assets 
B~cw~e~ two types of asseta, 
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buildings ~nd strucLures are llit:Ch more durable than machinery and equip-

ment. 
2.D 

Hased on Krueger aud Tt:ncc.:r' ~ es tinu1t.;:;, tl\e average life of 

st ructurc·s is •1buut 33 year$. Or: the other hand, rr.c.ichintry and tquip-

mcnt have an averag~ lif~ of abo~t 15 years. Since the life of a 

structure doec not vary :!luch acrosH industries c.ompar.!d to machinery 

and equipment. we assum<:d all industrie.s had the same life of 3J years 

for structure8 • bur: the lift of machinery and equ:i.pn:ent varied with 

industrits. The life for each industry was e&ti~o.ted from Park'e 2sti

mates for U.S. industr1.cs. 
21 

The sverage life of U.S. machinery :ind 

equipment is longer than Thailand's, so Park's estimates were scale::i 

down '!lo that th~ weighted average tor the 1"1holt: :nanufaccuring sector is 

J 5 years. 

2. 4 Labor Input 

A better m1~asure:n~nt o[ lnbo:r lrqmt 01 an 1nd11st:ry J.s man-hcur'.; 

classified by different qualities of lnborer&, such a8 age 1 aex and 

education. Its growth ra~e ca~ be obtcined by aggregating the weighted 

continuous growth rate~ nf laborers cf different quality groups using 
•1") 

the wage bill for <!ach group ~G ~eight8.~~ However, due to the lack of 

the above datt-., we decict!d !;imp] y to u&e tiie numLvr of worker& employed 

in ec.ch ind1Jstry durir,g tht:: year as the 111etrnun•mcn1 of luhor input. The 

data source was ~he NSOT's inciustri~l cenous. It should be noted that without 

adjusting for labor quality, our estimates of the growth of labor input can be 

overestimated and the TFPG underestimated for two reasons. First, man-hours 

per worker may decrease over time. Second, since female employmenL in the 



manufacturing industries 9rew faster than male employment over time 

especially in the 1960s, labor input may be overestimated over time 

insofar as female workers represent inc.·eases in employment of less 

skilled labor, a result suggested by lower wage rates. However, any 

overestimation of the labor input growth could well be offset by the 

opposite bias which is due to failure to take into account the increases 

in labor quality from the improvement in education and training. 

2.5 Factor Shares 

In computing the TFPG from equation (33) , we needed to have the 

share of each factor of production in each year. The shares of inter

mediate inputs was computed by dividing the value of intermediate inputs 

by the value of total production. The value of intermediate inputs in-

eluded the cost of raw materials and fuel energy used. The labor share 

was obtained by dividing expenditur~s on labor by the value of total 

production. The labor expenditure included wages and salaries, bonuses, 

piecework payment, overtime payment, and all other fringe benefits. The 

share of capital was defined as the remainJer of intermediate input and 

labor shares in total production. All the data of value of production 

and expenditures on intermediate inputs and labor are from the NSOT" s 

industrial census. 

The weights for finding the continuous rate of growth of real 

input in each year from equation (3]) is the moving average of the 

current and previous year's shares. However, in computing the 'l'FPG for 

subperiods 1963-1970, 1970-1976, 1976-1979 and the entire period of 1963-

1979, the weight of each input is the average of the factor shares during 

the respective periods. 
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Census: Whole Kingdom, Bangkok, 1964, 1969 and 1971; and NSOT, 
Industrial Census: Whole Kingdom, Computer Files, Bangkok, 1972, 
1975 and 1976. 

5 s~e Industrial Economic and Planning Division, Ministry of Industry, 
Industrial Statistics, Bangkok, 1978; Division of Commodity and 
Marketing Research, Ministry of Commerce, Report on Industrial 
Research, Bangkok, various reports; National Economic and Social 
Development Board, Industrial Development Planning of Thailand, 
1977-1981, Bangkok, various publications. 

6 The value shares obtained from 
Industry data are, however, not 
industries. 

the NSOT data and Ministry of 
significantly different in most 

7 See the discussion on Divisia Index numbers in E.R. Berndt, 
"Aggregate Energy, Efficiency, and Productivity Mea:.urement," Annual 
Review of Energy, 1978, pp. 225-73; C.R. Hulten, "Divisia Index 
Numbers;" ands. Star and R.E. Hall, "An Approximate Divisia Index 
of Total Factor Productivity." It should also be noted here that 
the estimation of real output growth rates by the Divisia Index is 
better than estimating the growth rates from price-deflated output 
of three-digit ISIC industries for the following reasons. First, it 
avoids the familiar price index problems. Second, it is free from 
the aggregation problem of the price indexes and value of output of 
the industries. 
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8. When commodities' production values and quantities are both 
available, commodity prices are found by dividing the production 
values by the quanticies. But when productior values are not 
available, prices of imports or expJrts are used instead to 
represent the prices of commodities. The sources of all these data 
are the same as in footnote 5. 

9 The "major" purchased inputs include all inputs whose shares in 
total purchased inputs are at least as much as one percent, and at 
the same time, the sum total of whose values is at least as small as 
90 percent. The rule can be shown to provide us with the estimates 
of real intermediate inputs which are very close to the ones using the
cieflators of "all" purchased inputs. 

10 The price indexes represent the basket of both domestic and imported 
goods. The source is Division of Price Index, Ministry of Commerce, 
Wholesale Price Index of Thailand, Bangkok, 1978. 

11 The input-output table is from Thailand Input-Output Joint Project: 

12 

NESDB, IDB (Tokyo), and NSOT, Basic Input-Output Table of Thailand, 
19 7 5 , Bang ko k , 1 9 8 0 . 

See A.O. Krueger 
Productivity Growth 
ing Paper, No. 422, 

and B. Tuncer, "Estimating Total Factor 
in a Developing Country," World Bank Staff work
Washington, D. C. 1981. 

13 see the detailed discussion in the introduction of this section 

14 On the average, the weights of transport equipment, and machinery 
and equipment are about one-third and two-thirds, respectively. The 
data source is NSOT, Industrial Census: Whole Kingdom, various 
years. 

15 See Division of Price Index, Ministry of Commerce, Wholesale Price 
Index of Thailand. 

16 See NESDB, National Income Account of Thailand, Bangkok, 1952. Note 
also that the NESDB's data on total fi~ed capital formation of 1949 
are for the entire manufacturing sector. We estimate that about 
one-half of the capital formation was from firms with 10 or more 
workers. The estimation is done based on information from the 
NSOT's 1963 industrial census. In the census, it was estimated that 
over one-half of the value of fixed assets of the industrial sector 
in 1963 WAS from firms with 10 or more workers. 
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17 Note that the closer each 
capital-output ratio of 
estirna~ion used above. 
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industry's capital-output ration is to the 
total industries, the better is the 

18 See United :~ations Industrial Development Office, United Nations, 
The Growth of Industry, 1938-1961, Natioral Tables, New York, 1963. 

19 See National Economic Council, Central ~tatistical Office, 

20 

Statistical Yearbook of Thailand, Bangkok, 1952. 

See A.O. Krueger and B. Tuncer, "Estimating 
Productivity Growth of a Developing Country." 

Total Factor 

21 See W.R. Park, Cost Engineering Analysis, New York: John Wiley and 
Sons, 1973. 

22 See, for example, Nishimizu and Hulten's estimation of the Japanese 
growth in M. Nishimizu and C.R. Hulten, "Source of Japanese Economic 
Growth, 1955-1971," The Review of Economics and Statistics, August 
1978,pp. 351-361. 

' 
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III. THE ESTH!ATION AND ANALYSIS OF TFPG OF THAI ~!A.."lUFACTURING INDUSTRIES 

3.1 TFPG as a Source of Real Output Growth 

Table 3.1 shows the rates of growth of real output, real inputs 

and the TFPG of all manufacturing industries with 10 or more workers in 

the period of 1963 - 1979, including three subpeciods of 1963 - 1970, 

1970 - 1976, and 1976 - 1979. For the entice period of 1963 - 1979, real 

output grew at the rate of 14. 06 perc~nt per year. When separated into 

two main sources of growth, namely, the acc·lffiulation of real inputs and 

their TFPG, the table shows that the latter source was st i 11 minor 

despite the high real output growth. In fact, the TFPG contributed only 

L.02 percentage points out of the 14.06 percent of the real output growth 

rate. In other words, a substantial part of real output growth was due 

to the increases in total real. inputs w1ereas l~ than a~ ~t was due to 

TFPG which measures the increases in the savings of inputs used in the 

production of a unit of output. 1 

This estimate of the TFPG is r.:ither l.ow compared to the estimates 

of m.my DCs such as us .:ind Japan. rn the us the estimated rates of TFPG 

of the ..iggregated manuf.:ictur ing sector .Jre ..ibout 1. d2 percent (Kendrick, 

1980) in the past two decades. In Japan it '"'as on the ~vera~e u~ 

abou.t> 2.04 percent (Hulten a11d ~Hshimizu, L981) for 111 the dis.:lgqregated 

industries. They dll accounted for .Jbout 17 2ercent of real output 

growth. The TFPG comparison with other L.DCs is mace difficult becaus·~ so 

far not many studies have been done. It is due partly to the paucity of 

data. Although there are some TFPG estimates that are for economy-wide, 

those for the manufacturing sector are ·1ecy scarce. Moveover, those that 

are available are usually estimated by diffr~rent methodologies, varying 

pe:iods ~f time, and different scopes of the manufacturing sector. Above 
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Year 

1963 - 70 

1970 - 76 

1976 - 79 

1970 - 79 

1963 - 79 

Table 3.,: GROWTH RATES OF RE.AL UUTl'UI. n;ruTs' A~~lJ TOTAL F:J~luiZ Jl.()Dt'C;T J'.'TT y 
OF TOTAL 1-L.\l:UFACTURH:G HiDUSTRIES, 1%3 - 19711 

Input Shares in Production 

Year Intermediate Labor Capital 

1963 - 70 .6062 .0807 • 3, 3, 
1970 - 76 .6387 .0790 .2823 

. 1976 - 79 .6525 • 0677 • 2798 
1970 - 79 .6538 .0680 .2782 
1963 - 79 .6422 • 074 8 . 28 30 

Continuous Annual Growth Rates in PPrcent of 

Input Weighted I nrut 
Output Intermediate Labour Capital Intermediate Labor Capital Total Inputs TFP 

18.70 19.81 l .'.. ,3h 1h.71 12.01 1. l? ~.: 3 l " . 'i () n. '3~ (100.00) 
~r;J,9;;') (h.1/) (27.Pl) (07,02) (2,08) 

11 • 70 10.47 8.64 10.03 6.69 0.68 2.91 10. 2R 1. 42 
(100.00) (57. 18) (5.81) (24.87) (87.86) (12.14) 

1, • 26 13. 84 1. 54 1. 25 9. 03 0. 10 0. 35 9.48 1. 78 
(100.00) (80. 19) (0.8Y) ( 3. 11) (84.19) (15.81) 

, 1 • 48 11 • 25 6. 64 6.88 7. 36 0.45 1 . 91 9.72 1. 76 
(100.00) (I • l l) ( 3. 9 2) ( 16. 64) (84.67) (15.33) 

, 4. 06 14 • 35 0 '(. .· • ·•O 11 • 02 9. 21 (l • i 1 3. , 2 UJJ~ L. () z 
(100.00) (65.50) (~.I) l) \ 2 2. 19) (].~.75, (7.25) 

Source: National Statistical Office of Thailand, Report of Industrial C0nsus: Who]P Kin<lrlnm, 

Notes 

various years (see details in ~rclion 2) 

Figures in parentheses are ratios of growth rates of inputs ar1rl TFPG to qrowth rate of 
real output in percentages. 

-

w 
~ 
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all, they ar~ mostly at ~he highly aggregated level of industrial classi-

fication. For ex..lillple, Chen estimated the TFPG rates of the aggreg.Jted 

manufacturing sector of the four fast growing countries in Asia, namely, 

Hong Kong, South Korea, Taiwan and Singapore, to be 2.29, 3.47, 3.59 and 

3.75, respectively, during the 1960s. They all, however, accounted for 

only 12 to 18 percent of the rate of growth of real output of the sector 

which is also low compared to the DCs' standard. At a more disaggregated 

level, Krueger's estimate of the average TFPG in the Turkish manufacturing 

ind us tries was about 2 .10 percent during 1963 - 1976 or accounted for 

? 
percent of real output growth-. Tsao Yuan's estimate of TFPG about l'Z 

in the Singapore industries during 1970 - 1979 was about 0.69_ percent or 

accounted for about .-four percent of real output growth 
3

• 

Although the rate of TFPG of Thailand was low for the entire 

period of 1963 - 1979, compared to the ocs and a few available estimates 

of LDCs, Table 3. 1 shows that it had increased over the two decades. 

During the 1960s (1963 - 70), it was about O,Jq percent or accounted for 

two percent of the LS. 79 .::eal out~11t growth rate. During the 

~arly to mid 1970s ( 1970 - 76) it was increased to 1. 42 percent or about 

12 percent of the 11.70 rate of grow~h of real output. By the late 1970s 

(1976 - 79) it accelerated to 1. 78 percent or about 15 ~rcent of the 

ll .:~fi percent of real output growth. rn other words, the increase in 

real inputs as a source of real output growth had declined over t1m~ to 

be compensated by the acceleration of the TFPG rates. This finding is in 

fact similar to the Hayami-Ruttan study on the agricultural productivity 

growth of an LDC, namely, the Philippines, during 1950-1969 

(Hayami-Ruttan, 1979). They found ~hat during the early period of 

agcicultural development from 1950 to 1959, real fatm output could grew 

rapidly despite the low TFPG by exploiting the relatively elastic supply 

of uncultivated land while applying more labor and other inputs in 

\ 
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resp:>nse to the increase in market demand. HOwever, after uncultivated 

land became 11Dre limited in the mid-1960s as land opening proceeded, the 

TFPG rate as a source of the grcwth of real farm output increased to 

compensate for the decline in the rate of growth of real inputs relative 

to output. In our study of the TFPG of manufacturing industries in 

Tr1ailand, it may be that real output can grow more quickly during the 

initial period of industrialization of 1963 - 1970 than during the latter 

period despite tht> low TFPG by combining the relatively abundant raw 

rr.aterial resources with labor and capital ir.puts for production. 

H~~~ver, as raw material inputs become more expensive relative to other 

inputs in the latter period, the TFPG rate must accelerate to offset the 

decline in real raw material growth rate in order for real output to 

expond at a high rate. 

3.2 The TFPG and Increases in Ra~ Material Prices 

Michael Bruno shollS that if output is produced by the combination 

of three factors of product ion - labot , capital and intermediate input -

and intermediate input is employed optimally to the level at which its 

n.arginal product is equal to its relative prit:e, then the: productior, 

function can be expressed in terms of the two remaining labor and capital 

factors and the relative intermediate input pr ices. In this model, in 

t•ie short run, when capital is fixed, if labor employment is also somehow 

constant, then an increase in the relative intermediate input prices will 

affect real factor incomes like the Hicks-neutral technical regress. 

That is, there will be an inward homothetical shift in the factor-price 

frontier in the factor-cost space or, equivalently, an outward homothe-

4 
ticcil shift in the isoquant in the primary input space. 

ln the CCJSc· of 'I'hciiland, the TF'PG of (llmost (l]l inoustric'., WdS 

' 
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retarded by the increases in energy prices and other raw material prices 

in both the early and the end of the 1970s. During the period 1972 -

1974. Although there was a control on the prices of petroleum products 

for industrial use the prices increased more than twofold or about 71 

percent a year (see Table 3. 2). The average pr ice of other major inter-

mediate products of the ind us trial sector such as textile materials, pulp 

paper, chemical materi:lls, and basic metals (especially the imported 

unes) increased at the rate of over a quarter percent per 
5 These year. 

price increases slowed down the 'fFPG. of some ind us tries sooner, but some 

with a lag. However, the increases in e~ergy prices alone were unlikely 

to have had that much impact on the slowdown of the TFPG because the cost 

of energy in the value of production of all industries was only a few 

percent before 1973 and j~~ped to the maximum of no more than five to six 

6 
percent later. What affected them more were first, the .iccompanying 

increases in the pr ice~ of other raw materials whose share in total ' 
production was over one-half (see Table 3.2), especially dlllOng the 

heavier import-substituting industries. Second, the decreases in demand 

for all products in the early 1970s. Both shocks ~ade it difficult for 

ind us tries to expand as evidenced from the decreases in the growth of 

industrial output to the average rate to 8.51 percent per year during the 

period. Meanwhile, capital and ldbor inputs were not able to adjust f.:ist 

enough in the short run. In this period, some capital stock wh1ch was 

accumulated as a fast rate in the late 1960s to the .~arly 1970s '"'as left 

under utilized .7 On the other hand, due to the rise of labor unions in 

the early 1970s, some industries such as textiles and clothing had 

difficulcies in lowering employment in response to the decline in 

production. All these made real output d€cline faster than real input, 

and the result was a substantial decline in the TFPG in many i.1dustr ies 



Period 

1963 - 72 

1972 - 74 

1974 - 77 

1977 - 79 

Table 3.2: GRm,·n1 RATES OF REAL 01J1TLTT, INPlrfS, Mm TOTAL FACTOR PRO!ll'CTI\'ITY O!" 
TOTAL •~NUFACTURING INDUSTRIES IN FOUR SURPERIODS 

Factor Share 
Intermediate Labor Capital 

0.6169 0.0811 0.3020 

0.6381 0.0823 0.2796 

0.6423 0.0721 0.2856 

0.6583 0.0631 0. 27 8 6 

Annual Percentage Growth Rates of: 
Output IntermN1iate Labor Capital TFP 

i-;. F' lS,57 14.54 lFi.11 O.td 

8.51 6.41 12.48 12.JS -n.oG 

14.26 14.30 -2.02 0.52 5.07 

8. '53 , l • 68 S.43 4.39 -0.62 

Annual Percentage Increase 
of imported oil prices 

70.77 

8. 41 

20. 93 

Source: National Statistical Office (same as Table 3.1), and Bank of Thailand, Annual Report, 
various years. 

. ' 
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during 1973 - 1974. However, during 1974 - 1977, when aggregate demand 

increased and all inputs were adjusted better to the chocks, TFPG rose 

again. During the period, output increased at 14. 26 percent a year, 

labor input declined at 2.02 percent, capital input increased slowly at 

0.52 percent, and TFPG accelerated to 5.07 percent a year. 

In the late 1970s when th~re was another steep increase in energy 

prices combined with the slower growth of demand, TFPG declined again for 

the same reason as the period of the early 1970s. 

energy prices increased at over 20 percent a year. 

During 1977 - 1979, 

Output grew dt less 

than 9 percent a year, but total real inputs grew at 9.25 

a result TFPG rate was declined to negative 0.62 percent . 

percent. As 

3.3 Comparison of TFPG of Import-Substituting and Exporting Industries 

Import-substitution policies in Thailand tu encourage domestic 

industrial production were introduced in the late 1950..> and continued 

throughout the decade of the 1960s. The government protected new 

industries from foreign competition by imposing higher tariffs on imr:orts 

competing with them and, at the same time, imposed lower tariffs on raw 

materials and capital inputs used in product ion. The rational'" for the 

policies was mainly for the survival of these newly established 

industries during some initial period of production when their costs were 

higher than the products' imported prices. Advocates of the policies 

believe that over the passage of time when some factors such as 

learning-by-doing, externalities, ind1visibilit~es and so on can be 
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realized or corrected such that the total average costs decline, they 

would be viable without any more protect ion. This, in turn, suggests 

that aftel some initial period of production, inputs per unit of output 

of these protected industries should decline. Moreover, the decline 

. d . 8 should be at a rate faster than other unprotected in ustr1es. In other 

words, one would expect the TFPG of the protected import-substituting 

industries to be higher than others for the advocates of the policies to 

be correct. 

In Thailand during the whole period of 1963 -1979, according to 

Table 3. 3, on the average of all protected import-substituting 

industries, TFPG was lower than the average of all industries, and it was 

" 
much lower than that of non- import-competing and exporting ind us tries. 

The annual rate of TFPG of import-competing industries was almost nil. 

However, for non-import-competing industries, it was about 1.22 percent a 

year which accounted for about eight percent of the growth of its real 

output. For exporting industries, it was about 1.26 percent and 

accounted for about nine percent of the real output growth. 

When comparing the TFPG of the import-competing industries 

between the two subper iods of the 1960s and 1970s, we found that it 

declined in the later decade as contrasted with other industries which 

experienced an increase in the TFPG over the two decades. In other 

words, for import-competing industries, over time the dominant sources of 

growth of recil output were either from the accumulation of raw materials 

0r capital input. i'7hen comparing the percentages of this input growth 

relative to real output growth between the two subperiods, they were 2ven 

higher in the latter subperiod than the first subperiod of the 1960s when 



Year 

1963 - 70 

1970 - 79 

1963 - 79 

Year 

1963 - 70 

1970 - 79 

1963 - 79 

Sauret!: 

T...ible -":,. "3: Gl\OIHH kATE::l OF TOTAL FACI'OR Pl\.ODUCTIVITY RELATIVE TO REAL OUTPUT OF 

In.pwr t-Con.p;o ting 

Growth Rat<::s of 
Output ( % ) TFP ( %) 

19.44 0.37 

13. 09 -0.40 

15.138 0. 01 

INDUSTRIES BY TRli.l..JE CATEGORIES, 196 3 -1979 

Ind us tr i <:: s 

Ratio of 'l'FPG to 
Output Growth (%) 

3.76 

-3.31 

0.06 

Non-Import-Competing 
Industries 

Gcowth Rat<::s cf 

Output (%) TFP fil 

19.31 0. 25 

11.25 1.98 

14.78 1. 22 

Ratio of TFPG to 
Output Growth (%) 

1. 29 

17.60 

8.25 

.Exp.;irting Indus tr its 

Growth Reitts of Rat 10 of 'l'FPG to 
Output ( t) TFP ( f.) Output Growth (%) .Exp:.>r t Gr ow th 

16.35 l}. l) 5 J. 5 !, 9 .65 

11 • 77 1. 72 14. 6, 1-1. 5G 

14.00 1. 26 9.00 19.SE 

S3.lnt: ..,:..; T ... LlL' -, --, 
_.)• ...... 

p. 
..... 
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the input prices were lower. Lower tariffs in both subperiods permitted 

industries to have a higher import content of raw material inputs and a 

faster growth of capital intensity over time. Whenever th€·y wanted to 

increase product ion to meet the strong domestic donand resulting fror:. 

higher tariffs on imported prcxl ucts, they simply increased ra1-.· mater ia: 

and capital inputs, mostly imports. h'i ~h tt1e protect ion resd ting ir. 

higher domestic prices and lowe:r imported ra .. · material and captal input 

prices, they did not have: to makE- an effort to modify, ad2pt or rr,a:iagc 

the inputs to reduce total costs in order to be competitive in thE· 

market. 9 In fact, the protect ion not only provided a shelter for thesE 

industries to exist even when their TFPG was declining over time, but lt 

also squeezed out the TFPG as a source of their real output gro .. ~h. 

For exporting industries, when corn paring the two subper iods, the 

TFPG was higher in the second period of the 1970s than in the earlier 

one. It increased from O.fi5 percent which accounted for about four 

percent of real output growth in the first period to about 1. 72 percent 

which accounted for about 15 percent of real output growth in the second 

pericxl. In fact, the second period was also noted for the expansiori rf 

exports in response to the policies favoring export promotion started ir: 

early 1970s. In the 1960s export grew at 9.86 percent a year. In the 

1970s tlie rate of export growth was Increased to 14.56 percent a year. This 

suggests a positive relation between TFPG and the growth of exp::>rts in 

the two decades. The growth of the TFPG which reflected the increase in 

savings of all real inputs per un; t of output over time enables the 

industries to compete in the world market. On the other hand, the 

increases in ex~rts allo~d domestic production to grow fast enough to 

exploit some abundant rdw materials, to better utiliz~ capital stock, and 



- 43 -

to employ better skilled workers. All of these factors together with the 

advantage of extending production to the most efficient scale foster 

increases in the TFPG. This positive effect of export growth on the 

TFPG of ind us tries was in contrast with the low TFPG observed in the 

import-competing industries discussed earlier. The growth of import-

competing ind us tries entailed the faster growth of caw materials and 

capital goods, mostly imported, than their redl output growth over time. 

Meanwhile, as will be seen in the next section, their labor productivity 

growth was also hindered by the distorted p::oduction technology in light 

of available unskilled labor. All these bctor s, toge th er with the 

possible inefficiency in the use of plant size due to the small domestic 

market, explain the low TFPG of the im[X)rt-substituting industries.
10 

3.4 Sources of Labor Productivity Growth and TrPG 

This section concerns two questiors regardi.r.g to the .:;ource o[ 

labor productivity growth .Jnd the source of TFPG of the manufacturir.g 

industries in Thail.rnd during 1963 - 1979. ?irst, how im[X)rt.Jr>t wa:3 it 

that increas2s in capital intensity contributed to ::h,~ improv•:::m~nt .)~ 

labor productivity? Second, r.ow i:nr.ortant was it that i.ncrc?.1ses 

physi.c.Jl inputs contributed to the cldv,rnc:;,ment of tot..ll factor produc

tivity? 

For the tirst question, the analysis is done by considering the 

following equation which states that labor productivity growth can be 

categorized to be from three sources, namely, the growth of raw material 

inputs per worker, the growth of capital input per worker, and the TFPG. 
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The estimation of the rates of labor productivity growth, 

increases in real raw material and capital inputs per work.H, and th(· 

TFPG by equation (46) for the aggregated industries during the entire 

period of 1%3 - 1979 and the two subper .ods of 1963 - 1970 and 1970 -

1979 arE- presented in Ti:lble 3.4. According to the tabh, during th£ 

whole period of 19(,3 - 1979, labor productivity growth of manufC1cturing 

industries in Thailand grew at thE- rate of about -'i.6 percent per year. 

Of this, about 68 percent was accounted for by the increase ir. r.:iw 

material input per worker, 22 percent by TFPG, and the lowest 10 percent 

by the growth of capital per worker. When comparing the contribution of 

each source of labor productivity growth in two subperiods, it is found 

that TFPG became a much more important source in the second subperiod of 

1970 1979 than in the first subper iod of 1963 1970, while the 

contribution of both the growth of raw material input per worker and t~at 

of the growth of capital intensity declinPd. The contribution of TFPG to 

labor productivity growth increased from 9 percent in th'} 19CO~; to 3& 



Table 3 .4: . GROWTH RATES OF LAEOR PRODUCTIVITY, INTEillffiDIATE AND CAPITAL IHPLITS PER WORKER, 
AND TOTAL FACTOR Pl\ODUCTIVITY, 1960 - 1979 

Continuous Annual Growth Rates in Percent of: 

Output Input per W::irker Weighted Input per Worker 

Year per worker Intermediate Capital Intermediate Capital 

1963 - 70 4.43 5.45 ~. 3 5 3.30 0.74 

(100.00) (74. 50) ( lG. 70) 

1970 - 79 4.84 4. 61 0.24 3.01 0.07 

( l 0 0. 00) (62.19) (1.45) 

4.6 1963 - 79 4.89 1. 56 J .14 0.4~ 
(100.0) (6b,2h' (().5/) 

so~rce: Same as Table 3.1 

Note: Figures in parentheses are ratios of growth rates of inputs per worker and 
TFPG to growth rate of real output per worker in percentages. 

Total Input 

4. Cl4 

('11.::'IJ) 

3.08 
(63.64) 

3,58 
(77,EJ) 

TFP --

0.39 

(R.RO) 

1. 76 
(36.36) 

~ 
VI 

I 

1.02 
(22.17) 
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percent in the 1970s. On the other hand, that of real raw materials per 

worker declined from 75 percent to 62 percent; that of capital per worker 

from 17 to less than 2 percent in the twc successive subperiods. 

It is interesting to note the Sffiall contribution of increases in 

capital per worker cis contrasted with the increC:tsingly L:,rgu contribu-

tion to the TFPG tc lc.:bor product1..,•ity growth over the tw,1 subpcriods. 

percent a year. In the 1970s, labor productivity growtb acceleratec to 

4.84 percent despite the smaller increase in capital intensity. In fact 

it was the acceleration of TFPG that led to th( increase ir. lcibor 

productivity. This can possible be explained by the following reas::rns. 

In the 1960s when capital input could be obtC:tined at both lower prices 

and tariffs capital inten~ity increased faster than the lciter per1oci of 

thf' 1970s. Lower skilled workers in thE: 1960s had to work 1onth imported 

machinery and equipment which were not quite suitable for local labor 

sUlls, management and markets. The result w.:.s that increases in capital 

intensity was C:tccompanied by low TFPG a:1d it did not account for much of 

the increasE: in labor productivity. IG the second period of the 1970s, 

thE: capital-labor riltio incn.?ased at a lowu ratte thar1 thE: previous 

decade due to the increases in the relative prices of imported capital 

goods and the increases in capa.:ity utilization. Ent re-

preneurs inclined to adapt existing machinery and 

equipment to fit the available raw materials, labor skills and market 

size instead of having newly imported capital equipment. This enabled 

the accumulation of capital together with increasing TFPG to be the 

source of improvement in l"!t,.::.i1 productivity. Thus, the effectiveness of 

poUcies to improve labor productivity by simply subsidizing and lowering 

tariffs on any c<ipital input purchast::_; canr·ot be· sup1x)rtt-d, at h·.:ist by 

our study. 
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Regarding the source of TFPG, did the increase in TFPG result 

from improvement c·mbGJi,,c: in raw material, capital and labor inputs? If 

that were the case, we would expect a positive association between TFPG 

and the growth of real inputs. In other words, industries with a higher 

growth of real inputs should also have a higher TFPG. 

The above typothesis was tested by estimating the following 

simple regression: 

(47) TFPG 

Where TFPG denotes total factor productivity growth and GIP denotes the 

growth of all real inputs. If TFPG is led by increases in real inputs, 

b
1 

should have a positive value. The estimated regressions for the 

entire period of 1963 - 1979 and two subperiods of 1963 - 1970 and 1970 -

1979 are presented below. 

(48) TFPG (1963 - 70) 

(49) TFPG (1970 - 79) 

(50) TFPG (1961 - 79) 

1.14 - 0.20 GIP 

(0.03) 

2.64 - 0.15 GIP 

(0.09) 

2.01 - 0.08 GIP 

(O. 05) 

') 
R~ 0.02 

0.12 

2 
R "' 0.08 

According to the above estimated regressions, b
1 

is r.ot signifi-

cantly different from zero in anv period. There simply is no evidence to 

conclude that increases in reai inputs brouqht a.bcut any increases in 

total factor productivity. 

' 
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Footnotes to Section 3 

The low TFPG estimate may also attribute to the downward bias caused 
by the overestimation of the growth rate of raw materials and labor 
and factor shares described in Section 2, although the biases are 
not expected to be significant. 

2 See A.O. Krueger and B. Tuncer, "Estimating 'I'otal Factor Produc
tivity growth in a Developing Country." 

3 See y. Tsao, "The Growth of Productivity of the Manufacturing 
Industries in Singapore, 1970-79," a memio, National University of 
Singapore, 198 3. 

4 See M. Bruno, "Raw Materials, Profits, and Productivity Slowdown," 
Quarterly Journal of Economics, February 1984, pp. 1 - 29. 

5 see the price data and discussion in Division of Price Index, the 
Ministy of Commerce, The Wholesale Pr ice Index of Thailand, 1978, 
and the Bank of Thailand, Annual Reports, Bangkok, 1973 - 1976. 

6 The figures are computed from the National Statistical Office of 
Thailand, Report of Industrial Census: Whole Kingdom, Bangkok, 
various years. 

7 See Bank of Thailand, Annual Report, Bangkok, 1973 - 1975. 

8 This hypothesis was tested and found invalid in the case of Turkey 
in A.O. Krueger and B. Tuncer, "An filpirical Test of the Infant 
Industry Argument," The American Economic Review, Vol. 72, December 
1982, pp. 1142 - 1152. 

9 An example for the argument can be found in Paitoon Wiboonchutikula, 
"Productivity Growth of Agricultural Machinery Industry in Thailand, 
1960-1979 ," in Consequences of Small Farm Mechanization, Inter
national Rice Research Institute and Agricultural Development 
Council, Philippines, 1983. 

10 For further discussion on other possible reasons for the superior 
performance of the export promotion policy over the import-substitu
tion policy, see A.O. Krueger, "Export-Led Industrial Growth Re
considered," in Wontack Hong and Lawrence B. Krause, eds., Trade and 
Growth of Advanced Developing Countries in the Pacific Basin, Korea 
Development Institute, Seoul, Korea, 191. 1 

• 
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IV. IBE MEASUREMENT OF EFFICIENCY AT_ HrDIVIDUAL FI~! LEVEL 

Productivity can be compared within a firm over the passage of 

time, or it can be compared among firms in a given period of time. For 

the former case, productivity of a firm changes because of the changes in 

technology and the level of efficiency of production over time. For the 

latter case when time and the state of technology are given, productivity 

may be different among firms in the same industry because of their 

differences in the efficiency levels. some firms may be more technically 

efficient than others. The technically efficient firms will produce 

maximum output with given inputs under the available state of technology 

at that time. The technically inefficient firms will produce less than 

the maximum output giv~n the same amount of inputs as the efficient one. 

This section measures and analyses the levels of technical efficiency of 

firms in selected industries in Thailand in 1974, 1977 and 1979, the 

years in which the firm data are available. It also decomposes TFPG 

into two sources namely, changes in technical efficiency and other 

residuals such as the technological progress. 
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4.1 The Method of Measurement of Efficiencv of the Firms 

The production function is definec.l .JS the rel.:::t.iunship th<Jt 

shows the maximum possible output which c;rn be produceJ from i;i '.'L·n quantities 

of inputs. Any firre which produces belo~ the ~aximurn on the ~roduction 

function is said to be technically inefficient. 

If production function of an output y is definLd as 

(51) ;· = f(x) 

1.'here x , ........... ,x) is the vector DI- real inputs for the pruJu..:t 
n 

ion of y, th(:n the production of the j-ch firm can be specified a.s 

< 0 (52) v = f (x) + u. u. = 
, j j J j 

;.;here u. is the difference between the out;:;ut obr.:iined by the j-th fim, 
J 

usins in;rnt ': dn,J the- output on the frontier ,Jt the ;1rcd11t:tior: funcri-~n 

in [quation (51). 

tc:chriiques" to ma:.;ir~i;:e output for a given bunjle ,H inpuls. It 1.:ill ;.irociuc" 

on tLe produc :::ion possibi.J.i ty frontier and h3ve u (1 If t ii c 
j 

use ·:he best ;nacticl' technique, it will b1- less effic1enc. Tlie ;.ircductior. 

of Lhe fi:m ....-ill be oeloi,.; Lh•~ protluction uossibil::t\· fro:Hi.::rand u. will 
. ' 1 

in general, The ~agnitude at \j i 11 i ndus c-r:: ~ . ..; 1 1 
......... .l j 

__, 

\:J.rv 

across firms, oepending on Lhe level of technical 2fficit·ncy or the rinns. 

1 

-;.·r.e problem is forinulateJ to minimi2e r.h~ sumo: ,1\-,,,olutt~ 

(a quad.:-atic program:::ing problem), under the consrraint tLCJt :ill j_ifferL~nce:o 

are negative or z,~ro. The; t~stimated frontil!r is ;;:ip;:iurtt~d by;, :c;,•t ut .c.;1ri;il"d 

rL:i~u and is thl·refore e:-:trc:nely sensitive to out I iner:.. 
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Timmer'rollows AignL'.r JnJ Chu' s sut,),estion .1nd solves L!ll~ ~ibuvL· 

problem by disc:i.rding a fe•..J e:-:tre"'e observations. TliL· JUStifi,·ation ;s 

that these observations lving above the frontier are OllL' tc r:indum •"rr,•rs. 

However both of Aigner and Chu's and Timmer's estimated production frontier have 

no statistical properties because no assumptions are made about the distribution 

of u.. Thus, the efficiency measurement of each firm from this method is the 
J 

efficiency level relative to the best practice frontier of the samples rather 

than the population. 

1o aml'.nr.i Aigner and Chu's model to statistical anJlysis, sc:nL· 

assumptions on u. have to be made and the production frontier is 
J 

estimated by either the maximum likelihood method
3 

or the "corrected" 

4 5 
ordinary least square method ' The maximum likelihood estim-

ates Ot the parameters Ot !. ll'. trontier dl'.pend on th!: disLrfou~l.Jn Ot IJ otlJ 

it. is Jifficult to provicie J 6occi ;:;rior ;.a~~un«:"nts fur an-,· ;.ia1ci. •.• 1l.:r ~io.Ln-

but ion. 

provide consistent esti:i::J.L·:. of Lhc 11ar.Jt:.1.:Lers. Rich:-::cnd :.:,;j;..;,,;::.c:., :.rial ~l.c 

production function is S?eci:icd JS 

( 53) log y l (Jg {'\, 
+ ::· 2 l (j(; ... 'J ,, . 

j i?1 l lj J 

1.:hert:: Z. 
J 

most fir::;is are fairly eificic:nc. lf n-= 1, all firms haVt' :i unirur:-". <i~cctrib,1t-

ion, If n> 1, most firms are relatively inefficient 

( 54) 

\.:her(' a 
0 

0' i i j . 

It is po~sible to tran:..;ror;:1 Etiu<H ion ( )) inro 
n 

log A - n, v. 
J 

., 
n-(,., I 

J 
(V 

J 
( v.) 

J 
n , ":: c i . ( 'J . 'J . J 

l J 

r h:H L ( v . I:·: .. J 
J l J 

c. 11, (',I 

can be estiraated by the ordinary l~ast n:L'.LiwJ \.'fH'rL' ~~ ( l) "' 
ll 

-11, 

' 
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The firm specific efficiency measurcr;1cnt can then bt: eo;limaLvJ 

I' 

)'. /y. 
j J 

and the average efficiency level of the industry is 

E ( u) "' ·1-n 

' 

' ' 
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4.2 Estimates of the Efficiency Levels of Manufacturing Firms 

Following Richmond's 
fj 

approach for measuring efficiency at 

the firm level, the production function of the j - th manufacturing firm 

is defined as 

(55) log Y 
j 

log A +ulogM. +Slog L. +ylog K + ~-
J J j J 

where Mj, Lj and KJ are three inputs used in the production of YJ. The 

inputs are intermediate inputs, labor input, and capital input respect-

ively. 

The measurement of the efficiency levels of firms is done for 

selected industries and years ir, which the firm data are available. The 

selecled industries will be shown in the tables below and the years under 

study are 1974, 1977, and 1579. The source of the data is the industrial 

census conducted by the National Statistical Office of Thailand (NSOT). 

The NSCYI' census is as mentioned earlier, a sample, that is drawn from all 

finns with ten or more workers, the response rate of the NSOT census 

sample is on the averi:ige about 7 S percent. ThE: ri:i te varies from year to 

year and industry to indus~ry. 

The data of output of eetch firm is the value of production. 

Intermediate inputs include the vi:ilu~ ofri:iW materials, energy, C:tnd other 

expenses. Labor input is the number of workers. Capital inputs are 

the aggregation of the gross book values of three typf~S of C:tssets namely 
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building and structures, machinery and equipment, and vehiches. All 

variable except the number of workers are in nominal terms without 

deflation because the frontiers are ·estimated by 

using cross sectional data. 

A note should be made on the estimates of capital inputs. The 

gross book values of assets from the census are based on the historic 

costs rather than the replacement costs. Since the data on the years of 

purchases of different types of capital goods in each firm are not avail-

able, it is not possible to adjust the values for inflation. As such, 

for the new firms the capital inputs may be overstated and the efficiency 

levels understated. For the old firms t:1r_, 1·i_ases :r::1'.' be in the 

opposite directions. In fact, if additional data on the age of firms 

were available, we would at least be able to identify firms with such 

biases. 

An alternative procedure of measuring capital inputs other than 

the one using the book values of fixed assets would be the perpetual 

inventory method described in Sect ion 2. 3 . 'l'he method requires panal 

data of firms which are unfortunately not available. Although there are 

data of each industry by firms on a yea::-ly basis, the firms are not 

identifiable. Otherwise we would have been able to trace data of the 

same firm in successivt: vcars to obtain the panaJ data. Thus, the capital 

inputs estimates may he :.usccptible to thl~ mo~;r error~; of nwasurement, 

\ 
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~-~.l Estimates or Average Ffficiencv of Selected Industries 

The estimates of the average efficiency of selected industries in 

Thailand for the years 1974, 1977 and 1979 are shown in Tables4.l, 4.2and 

4.3 respectively. In 1974 data are availablefor a•smaller numberuf indus

tries compared to other year~. The sample f inns of each indus_try is also 

fewer. Most industries in 1974 J-.owever, showed high levels of efficiency . 

The ones with the highest efficiency levels of greater than 90 percent 

were cotton ginning, rubber sheet and block rubber, and motorcycles and 

bicycles. The rest except builders' woodwork had the efficiency levels 

in the range of 80-90 percent. The efficiency of rubber tires and tubes 

was about 89 percent. Pulp paper, ar.j paper board, and o::.her rubber 

product industries had the efficiency of 81 percent. Builders' woodwork 

showed the lowest efficiency level of 75 percent. 

In 1977 data are available for more industries. The sample size 

is also larger so that the better estimates of efficiency can be obtain

ed. Almost all industries with data available for comparison with tho3e 

in 1974 showed that efficiency was improved in 1977. The top most 

efficient industries in 1974 showed even higher levels of efficiency. 

Builders' woodwork's efficiency increased to · 7 percent and the pulp 

paper and paperboard, rubber tires and tubes, and other rubber product 

industries showed some improvement of effici~ncy in 1977 but their levels 

were still below 90 percent. The additional selected industries in 1977 

with efficiency greater that 90 percent were other paper and paper 

product, and transport equipment industries. The ones with the lowest 

efficiency of less than 80 pt·rcent were textile pnnting, c.1nd radio, 

T.V., and communication equq;m1~nt. 
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Table 4 .1: EST ULA.TES OF AVERAGE EFFICIEHCY OF SLLECTED 

MANUFACTURING INDUSTRIES IN THAILA.~D, 1974 

ISIC Industries No.of firms Efficiencv Levels 
--- -- --

32112 Cotton ginning 6 .957 

32113 Builders' woodwork 11 .747 

34111 Pulp, paper, and pape:rboard 5 .807 

35510 Rubber tires and tubes 1 [" . SSS 

35591 Rubber sheets and block rubber 9 . 996 

35599 Other rubber products 10 .809 

38440 Motorcycles, tricycles and bi cycles 6 .948 

Source: National Statistical Office of Thailand 
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Table:'+· 2: ESTIMATES OF AVERAGE EFFICIGKY OF SELECTED 

ISIC 

32112 

32113 

32117 

3411 l 

34120 

34190 

35510 

35591 

35599 

38320 

38431 

38432 

384.39 

~~NUFACTURING INDUSTRIES IN TllAILAND, 1977 

Industries '.fo. of Finns 

Cotton ginning 

fi1ilders' woodwork 19 

Textile printing 9 

Pulp paper, and paperboard 

Paper containers and paperboard 5 

Paper and paper products, nee. 8 

Rubber tires anJ tubes 14 

Rubber sheets and block rubber 23 

Other rubber products 23 

Radio T.V. and Commumication equipm~nt 
., 
I 

Automobile assembly 7 

Motor vehicle bodies l 2 

Other motor vehicles 7 

Source: Nationa~ Statistir~l Offic~ of Thailand 

J:ffic.iency leve.J 

. 968 

.3b7 

. ') i 5 

.367 

.95:2 

• ,~ 2 l 

' • 7':18 

• ) [I+ 
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Table 4. 3: ESTIMATES OF AVERAGE EFFICIENCY OF SELECTEll 

MANUFACTURING INDUSTRIES IN THAILANU, 1979 

ISIC Industries No.of Firms Efficiency Levels 
- ---- ---------

32112 Cotton ginning 19 .94~ 

32113 Builders' woodwork 10 . 955 

32117 Textile printing 18 .701 

34111 Pulp paper, and paperboard -, 
. 801 I 

34120 Paper containers and paperboard 12 . 7 40 

35510 RuLber tires and tubes 23 . 923 

35591 Rubber sheets and block rubber 22 . 883 

35599 Other rubber products ~o .595 

38320 Rildio,T.V.and Communication equipment 9 . 582 

38431 Automobile arsembly 11 .165 

38432 Motor vehicle bodies 14 . 36~1 

38439 Other motor vehicles 23 .8 ls 

38440 Motorcycles, tricycles and bicycles 11 • l) 28 

Source: National Statistical Office of Thailand 
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In 1979 all industries except for rubber tires and tubes showed a 

decline in technical efficiency. The industries which showed the smaller 

declines in efficiency and were able to maintain or have the over 90 

percent levels of efficiency were cotton ginning, builders' 'ftO)dwork, and 

motorcycles and bicycles. The rest showed larger and varying degrees of 

efficiency declines. The ones with the larger declines than the rest 

were industries in the group of paper and paper products and transport 

equipment. 

For all the three years the industries which showed consistently 

high levels of efficiency were cotton ginning, rubber sheet and block 

rubber, and motorcycles and bicycles. The ones which showed more 

declines in efficiency in the late 1970s were paper and paper product, 

and transport equipment industries. Most of the industries in the former 

group of high average efficiency levels were exporting industries which 

we~e exposed to competition in the world market. The latter group of 

lower efficiency had higher capital intensity and the industries produced 

import - substituting products. 

4.2.2 Estimates of Efficiency Level~ of Inciividual Firms 

The estimates of the firm specific efficiency levels of tbc 

selected industries for the years 1974, 1977, and 1979 are presented in 

Table 4.4. The discussion of the measured efficiency of the firms will 

be done below by industry. 
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c+.2 . .2.1 Textile and Textile Product firr.8 

Data are available for three industries producing textiles and 

textile products. They are cotton ginning, builders' woodwork, and 

textile printing. The cotton ginning industry showed the highest level 

of average technical efficiency. Finns in this industry had low capital

labor ratio and were mostly of medium size in terms of employment. They 

employed less than 100 war kers. In 1974 and 1977 all firms showed the 

efficiency levels greater than 90 percent. In 1979 there were data from 

more sample firms available. The additional firms were mostlj of smaller 

size and the average efficiency of the industry showed a decline some

what. This implies that the additional smaller firms had below average 

efficiency of the industry. In fact, the more efficient firms in each 

year were medium ones employing 30 - 50 workers. 

Finrs in the builders' wCX>dwor k industry were on the average 

larger than the ones in the cotton ginnings industry. A larqe number of 

sample firms employed over 300 workers. The capital-labor ratio was also 

much higher. The efficiency levels of most firms in 1974 were low, but 

they were tremendously increased after the rnid-1970s. The more effi-

cient firms in 1977 and 1979 all employed 300 - 400 workers, but the 

capital intensity of the firms were on the average of the industry. 

Firms in the textile printing industry were all small, employing lt!ss 

than 60 wor~ers. However, the average capital intensity of the industry 

was higher than that of the cotton ginning industry. No data are 

available for 1974. In 1977 about 40 percent of total nurr.ber of firms 

had efficier.cy below 70 percent. Ir. 1979 the number of less efficient 

firms increased to over 70 percent. The most efficient firm in each year 

was shown to have below average size and capital intensity. 



Table 4,4: ESTIMATES OF EFflCIENCY LEVELS OF MANUFAC'nlRING FIRMS IN THAILAND, 1~74, 1977 and 1979 

32112: Cott.:m 9inn1n9 3 2113: Builder• woodwork 32117: Textile printin2 34111: 
Finn 1974 1977 1979 1974 1977 1979 1977 1979 1974 

1. 80.9 90.2 ·71.6 100.0 81. 5 64.7 83.5 7 2. 7 100,0 

2. 90,3 78,2 80.7 63. l 68.6 93.4 71. 3 72.8 58,8 

3. 100.0 82.4 82.6 57,5 73.5 100.0 100.0 59.l 84.7 

4. 95.9 100.0 92. 8 43. 3 100.0 84.0 64. 7 29.9 53.7 

5. 99.7 92. 7 68.7 60.4 89.4 86.8 70.0 65. 3 89.J 

6. 76.6 86.2 81. 2 63.6 59.9 82.7 41.6 59.2 

7. 72.7 59.3 63.7 78.3 76.6 43 .6 

8. 82.7 51.5 43.5 89.9 47.2 100.0 

9. 86.0 66.8 77 .6 92.6 51. l 

10. 69.4 44.2 66.8 91. 3 96. 2 

11. 100.0 68.7 79.5 48.9 

1:. 89.7 89.4 31. 5 

lJ. 70.7 73,4 70.6 

'. ... 62. 7 63. 6 50.5 

15. 77. 5 62. Ei 50.3 

lb. 68.0 ~0. 5 59. 9 

l?. 66.6 78. 3 56.9 

l ~. 96.0 66.6 66.9 

19. 78.4 59.2 

"' 

Pulp paper and pap~r board 
1977 1979 

55.2 90.0 

64.l 100. 0 

74.8 73.B 

100.0 91.6 

78.2 92. 3 

70.5 76.8 

74.9 96. 2 

83. 3 CJ' ,_.. 
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1. 

2. 

] . 

5. 

6 

7. 

8. 

a 

10. 

11. 

' ' J. L • 

l ~. 

l 4. 

15. 

lf;_ 

l' 

18. 

19. 

Table 4.4 (continued) 

34120: Paper containers and paperboard 34190: Paper and Paper products,nec. 

1977 1979 1977 

15.2 73.7 64.0 

i9.0 52.6 89.3 

10. 7 100.0 92.9 

100.0 59.0 54.0 

16. 4 67.5 92.5 

54.9 97.0 

72.8 100.0 

58.4 90.8 

59. 7 

52.9 

54.6 

42.0 

35510: 

1974 

65.6 

95.9 

71. 8 

100.<J 

51. 2 

96.7 

62.B 

68.7 

71. 2 

90.9 

Rubber tires and tubes 

1977 1979 

75.3 73. 1 

100.0 97.0 

40.7 64.8 

58.3 49.2 

65.3 70.3 

65.6 64.7 

99.7 69.6 

80.9 75.4 

74.1 56.0 

95.5 73. 7 

83.8 79. 7 

92.3 96.4 

56.4 75.2 

85.3 83.6 

52.3 

84.8 

100.0 

82.3 

99.l 

°' t'-' 
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Hl;lli: :1.!1 (continued) 
35591: Rubber sheets and block rubber 35599: Other rubber Eroducts 38320: R.:!dio, TV. and communication 

FHlD l '174 1977 1979 1974 1977 1979 1977 1979 

l. 96.8 8L5 Elo.O 63.o 62.0 58.4 58.6 82. 3 

2. 36. 2 87.3 50.4 56.2 50.4 58.3 74.6 91. 2 

3. 96.~ 81. 2 60.l 100.0 73.8 100.0 91. 8 81. 0 

4. 100.0 78.4 67.l 65.8 67.3 35.5 80. 4 74.6 

5. 94.3 59.4 77. 4 64.5 76.2 67.9 59.4 100.0 

6. "'2. 4 76.2 5~.9 o0.3 65.6 55.8 100.0 71. 4 

9-LU 94.6 62. l 78.l 62. 6 36. 1 58.8 66.5 

tl. 9 2. ti 81. 4 79. 7 61. 3 56.3 73.l 61. 2 

'"- 9 2. 1 82.7 62.5 55. t. 68.5 40.9 74.8 
CF• 

lJ. 94.2 79,B 65. 9 52.2 57.3 
w 

l l. 86.1 57.9 56.1 52.~ 

. -· 73.l lOJ.G 55.0 53.6 

13. 74.8 6'1.l a7.l 47.1 

14. '3J.:; 81. Sl 70.3 11. 7 

15. 85.l El. 9 [,I• 2 84.l 

1~. 76.d au. 4 50.8 40.7 

l ... 76.0 78 . .2 54. l 55.l 

lt:. 68.5 77 .6 100.0 IA.3 

19. 81. 7 75. 3 76.8 77. 0 

-~. 
7~.3 68.8 71. 7 64. 0 

~ l. b2. ~ 22. 8 65.4 

0 • 100.0 IJ. 9 57. 0 

::3. 1..; .c 54.6 



Table 4.4 (continued) 

38431: Automobile assembly 38432: Motcr vehicle bodies 

Fi"'" 1974 1977 1979 1977 1979 

l. e9. o 89.0 23.0 99.3 100.0 

2. 86. 2 86." 16.5 E2.3 82.9 

'. 95.6 <l5.6 24.8 77.3 46.4 

4. 88. l 88.1 32.4 100.0 58.4 

5. 59.8 ~9.B 28.9 E'3.0 74. 7 

6. 100.0 100.0 47 .5 84.4 61. 8 

'6. 4 76.4 100. C· 72.2 &2.7 

e. 25.6 79.8 61. l 

9. lB.l 6~.l 68.3 

lC'. ~8.l 81. 9 86.2 

' 11. 77.5 60.6 

... eo.2 89.8 

13. 68.( 

14. £i6." 

15. 

H. 

17. 

l 8. 

1 ~-

20. 

21. 

:2. 

:! 3. 

Resource~ National Statistical Office of Thailand 

_, 

38439: Other motor vehicles 

1977 1979 

76.l 45.6 

74.7 37.3 

92.0 36.2 

100.0 39.9 

89.8 33.4 

89.0 18. l 

99.l 40.9 

61.1 

39.3 

45. 6 

49.6 

50.6 

35.6 

31. 3 

39.6 

100. 0 

50. 3 

5 3. 6 

41.1 

42.5 

27,S 

2f'. 9 

34.5 

. . . 

38440: Motor cycles, tl icycles 
and bicycles 

1974 1977 1979 

100.0 100.0 -. 
82.9 7 7. 7 

98.9 72.0 

78.7 82.1 

79. (, 74.4 

97.5 64. 7 

86.5 

8~.6 

77. 7 

73.8 

78.0 

a; 
.I> 
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4.2.2.2 Paper and Paper Product Firms 

In the group of paper and paper product industries there are 

industries producing pulp ,paper,paper containers and paperboard, and 

other paper and paper products. The numbers of sample firms of these 

industries were small for all years. Firms in the pulp paper, and paper

board industry were large. The employment of an averaqe-sized firm was 

J00-500 workers. The capital-labor ratios of most firms wen~ amonq the 

highest. However, the efficiency levels were below the average of all 

industries in all years. They were in the ranqe of 80-85 percent. The most 

efficient firms in this industry were shown to have a large size and high 

capital intensity. 

The paper containers and paperboard industry consisted of medium 

sized firms with low capital labor ratios. The average efficiency was 88 

percent in 1977 and declined to 74 percent in 1979. Furthermore, over 75 

percent of firms showed the efficiency levels below 70 percent. The more 

efficient firms in this industry had a smaller size and a moderate 

capital intensity. 

The size of firms in the other paper and p~per product industry 

were similar to the paper containers and paperboard industry, but the 

capital-labor ratios were about the average of those of the above tw') 

paper and paper product ind us tries. The data which are available only 

for 1977 showed that the F;,i'iciency levels of most firms were quite 

high. The most efficient tum had the average size and capital 

intensity. 

' 
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4.2.2.3 Kubber and Rubber Product Firms 

Industries in the group of rubber and rubber products had the 

larg0st sample size in all years. The average firms in both rubber tires 

and tubes, and rubber sheets and block rubber industries employed 150 -

200 workers whereas that of other rubber products employed 50 - 100 

workers. The capital-labor ratio was very hiqh in the rubber tires and 

tube industry, but they were very low in the rucber sheet and block rubber 

and other rubber product industries. On the average of all firms, those in 

the rubber sheet and block rubber industry had the highest level of 

efficiency followed by those in rubber tires and tubes, anJ other rubber 

products industries. The most efficient firms in each industry had 

medium size dnd average capital intensity. About 40 percent of firms in 

rubber tires and ti..bes had efficiency below 70 percent in 1974, but most 

firms showed an, improvement after the mid 1970s. Most firms in rubber 

sheets and block rubbers showed a decline in efficiency in 1979 but they 

could still maintain the above average levels of efficiency. The firms in 

other rubber product industry showed the largest decline in efficiency in the 

late 1970s. In 1979 there were over 80 percent of firms operatinq less 

than the 70 percent efficiency level. 

4.2.2.4 Radio, T.V. and Communicatior. Equipment Fir:ns 

An ave:rage firm in the radio, 'l'.V., and communication eguipmePt 

employed 100 - 120 workers, and the capital--labor ratio was bdow the 

average of firms in the selected industries. The available data in 1977 
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and 1979 showed that the average efficiency of firms deteriorated from 80 

percent in 1977 to 57 percent in 1979. Besides, over one half of firms 

in the industry still had efficiency below 70 percent. The group of the 

JOC>re efficient firms had the size slightly larger than medium, employing 

over 100 workers. 

4.2.2.S Transport Equipment Firms 

There are four ind us tries producing transport equipment namely 

automobile assembly, motor vehicle bodie5, other motor vehiches, and 

.motorcycles and bicycles. For the first three industries data are 

available for 1977 and 1979. For the last industry they are for 1974 and 

1979. Finns in the automobile industry are of the largest size. An 

averaged firm employed 400 - 500 war kers and had the capital - labor 

ratio following those of the pulp paper and paperboard, and the rubber 

tires and tube ind us tries. Firms in the motorcycles and bicycles, and 

the other motor vehicles industries employed 100 - 200 workers with lower 

capital - labor ratio than the automobile assembling firms. Firms in the 

motor vehicle bodies industry had tl1e smallest size in the group. They 

anployed less than 100 workers anrt had the lowest capital intensity. 

The average efficiency levels of all transport equipment indus

tries were quite high in 1974 and 1977• However, in 1979 the levels 

dropped significantly and over 60 pen:ent of firms in all industries except for 

motorcycles and bicycles had efficiency less than 70 percent. For the 

motorcycles and bicycle industry, the efficiency levels of most firms 
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were still above 75 percent despite the overall decline in the levels. 

The more efficient firms in automobile assumbly were large, employing 

over 300 workers. For the rest of th€ industries the efficient ones 

were the medium sized firms. All the transport equipment industries 

however had special feature in common. There were a few firms 

in each industry with very high levels of efficiency coexisting with a 

large number of the rest of the firms \>!i th lower but similar levels of 

efficiency competing with each other. 

On the whole the average efficiency of most industries were high 

in all years. It seems to satisfy the competitive conditions which would 

drive in inefficiency firms out of the industries. Ho-wever, in 1979 the 

efficiency of most ind us tries and f inns dropped significantly. The 

industry with majority of firm.:; having hi9h levels of efficiency for all 

years were cotton spinning, rubber sheet and block rubber, and motor

cyc1es and bicycles. The ones with the most deterioration in efficiency 

in 1979 were the paper and paper product and some transport equipment 

industries. By and large, the more efficient firms in most industries 

had medium scales of employment and capital intensity compared to others 

in the same ind us tries. In the more capital intensive pulp paper anci 

paper product, and the automobile assemble ind us tries however, the more 

efficient firms had a larger size than the average. The gain in the 

efficiency may be from the economies of seal~~ of production of these 

capital intensive ind us tries. The inefficient firms in each industry 

might have employed nonoptimal capital-labor ratios, or operated by 

inputs of lower quality and incompetent managerial ability. 

• 

' 
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4. 3 Changes in Efficiency and Productivity of Selected Industries 

As discussed earlier in Sections to J, TFPG measures the 

sources of real output growth which cannot be accounted for by the 

increases in measurable real inputs. These sources include the improve

ment in efficiency, the increase in capacity utilization, the improvement 

in the quality of inputs (such as the upgrading of labor quality and the 

adoption of new vintage of capital), the advancement of technology, and 

finally, the possible measurement errors. This section intends to group 

these sources of TFPG to be from two main sources namely, the changes in 

efficiency and the rest called the residuals. The decomposition of the 

TFPG can also show more clearly the relationship between TFPG and the 

changes in efficiency and technological knowledge of the five 

industries shown in Table 4.5. 

selected 

According to the table, in the textile and textile prod1lCt 

industry the annual rate of growth of TFP during 1974-1979 was 8. 55 

percent. Of this figure 4.61 percent was due to the increases in 

technical efficiency over the period, leaving the rest of 3. 94 percent 

which accounted for about 45 percent of the TFPG, to be from the 

residuals or the technological change. 

rates did show that the improvement 

The decomposition of the TFPG 

in efficiency dominates the 

technical change as a source of TFPG in this industry. 

When the whole period of 1974-79 in separated into two subperiods 

of 1974-77 and 1977-79, there was an increase in efficiency at the rate 

of 8.45 percent a year in the earlier subperiod and a decline at 1.15 

percent in the latter subperiod. Since the annual rate of TFPG was 14.18 

percent in 1974-77 and 0. 20 percent in 1977-79, the measured technical 

' 
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Table 4. 5: CHANGES IN EFFICIENCY AND PRODUCTIVITY OF SELECTED INDUSTRIES 
IN THAILAND, 1974 - 1979 

1974 - 79 

Annual percentage rate of change of 

Industry TFP Efficiency Residuals 

Textile and textile products 8. 55 4. 61 3.94 

Paµer and paper products 8.92 -0.45 9.37 

Rubber and rubber products 6. 09 -1 • 41 7. 50 

T. V., radio, and communication equipment -1. 40 -15.22 13 .82 

Transport equipment -3.71 -4.66 0.95 

1974 - 77 

Annual percentage rate of change of 

Industry TFP Efficiency Residuals 

Textile and textile products 14. 18 8.45 5.73 

Paper and paper products 12.00 1 • 81 10. 19 

Rubber and rubber products 7.98 -0. 84 ~.82 

T. V., radio, and communication equipment n.a. n.a. n.a. 

Transport equipment -2.04 -1 • 11 -0.93 

1977 - 79 

Annual percentage rate of change of 

Industry TFP Efficiency Residuals 

Textile and textile products 0.20 -1 • 15 1. 35 

Paper and paper products 3.49 -3.84 7.33 

Rubber and rubber products 2.99 -0.72 3.71 

T.V., radio, and communication equipment -1. 40 -15.22 13.82 

Transport equipment -6.n -9. 99 3. 56 

Source: National Statistical iffice of Thailand, gport of Tndustria1 
Census: Whole Kingdoiri, 1974, 1977, and 1979. 

• 

' 



- 71 -

change was 5. 73 percent in the first subper iod and 1. 35 percent in the 

second. It again S:n.ed that the high TFPG in the first subperiod was c:bout 60 

percent accounted for by the increases in efficiency and 40 percent in 

the technical change. In the second subperiod of the late 1970s, the 

deterioration in efficiency and the slowdown in the rate of technical 

advancement explained the low TFPG. 

For the paper and paper pro<lu~t industry, during 1974-79 the TFPG 

was at a high of 8.92 percent a year or about 25 percent of real output 

growth. Table 4.5 shows that the TFPG w~s high despite the decline in 

technical efficiency at Q.45 percent a year. In fact the residual term 

which measures increases in capacity utilization, technical change and 

others, was estimated to be 9.37 percent a year. Considering the two 

subperiods, in the first one the rate of TFPG was 12 percent. Of which 

1.81 percent was due to the increases in efficiency, and the rest of 10.lq 

percent was the technical change. In the second subperiod, the TFPG rate 

declined to 3.49 percent because of the decline in efficiency at 3.84 

percent a year. In fac~, the technical progress was at the rate of 7.33 

percent a year. This is an example of the industry in which the high 

TFPG does not necessarily imply an increase in efficiency over time. 

In the rubber and rubber product industry the TFPG was high but 

there was a slight deterioration of efficiency over the period of 1974 -

79, It is the industry with very high level of efficiency (93 percent) 

in the initial year of 1974, but the level declined somewhat over the 

period. The TFPG rate of the period was 6.09 percent and the change in 

efficiency was -1.41 percent, leaving 7.50 percent to be from technical 
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progress and others. In the first subperiod the TFPG rate was as high as 

7.98 percent a year, but the efficiency declined at 0.84 percent. This 

leads to the estimate of technical progress to be 8 .82 percent a year. 

In the second subper iod there was a further decline in the efficiency 

measure and a slowdown in technical change to 3.71 percent a year. ~hen 

combining the both measurements, the annual rate of TFPG of 2.99 percent 

was at a much lower rate compared to the first subperiod. 

For the radio, T. v., and communication equipment industry, data 

are available only for the period of 1977 to 1979. During this period 

the efficiency level declined at the annual rate of 15.22 percent despite 

the improvement in technology at 13. 82 percent a year. The resultant 

TFPG rate was -1.40 percent. The deterioration in the efficiency of the 

industry in the late 1970s clearly dominated the rapid technical change 

of the industry. 

Another indu;try where the te::bnological advancement failed to 

offset the deterioration of efficiency to gain p:>sition TFPG in the 

industry was the transport equipment industry. During 1974-79, the 

efficiency of the industry declined at 4.66 percent a year whereas the 

annual rate of technical progress was 0. 95 percent. The combined rates 

of changes resulted in the TFP declining at 3.71 percent a year. In the 

first subper iod both the annual change in efficiency and the residual 

terms were negative. They were -1 .11 and -0.93 percent respectively, and 

the TFPG rate was -2.04 percent. In the second subperiod, the efficiency 

deteriorated much more rapidly at 9.99 percent a year. It domonated the 

progress in technology of 3.56 percent a year such that the TFPG rate was 

as low as -6.43 percent a year. 

• 

' 
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Of all the selected ind us tries except for the paper and paper 

products and the rubber and rubber products ind us tries, changes in effi-

ciency dominated technical change as d source of TFPG. In the textile 

and textile productsindustry the TFPG during 1974-79 was high and it was 

mainly due to the increases in efficiency over time. The efficiency 

could increase in this exp:>rting industry because of the keen competition 

in the world market and the improvement in the managerial ability. For 

the radio, _.v. and communication equipment, and the transport equipment 

industries the deterioration of-efficiency especially in the late 1970s, 

dominatedthe technical progress such that the TFPG rate was negative. 

These industries were under high protection for the import substitution 

purpose. 

In both the paper and paper product and the rubber dild rubber 

product industries the technical progress dominated the slight deteriora

tion in technical efficiency and the TFPG rates were thus high in both 

industries. They were the cases where high TFPG did not coincide with 

rapid increases in efficiency. While the efficiency of the paper and 

paper product industry was lower than the average of all selected 

industries and showed some decline over time, that of the rubber and 

rubber product industry was as high as 93 percent in 1974 but could not 

quite maintain that high level in the later years. 

For all ind us tries there were both the deterioration of eff i

ciency and the smaller measurement of the residual term which led to the 

decline in the TFPG rate in the late 1970s. In fact, the year 1979 was 

noted for another high increase in energy prices, some increases in 

tariff rates, the decline in capacity utilization and also the slo\olodown 

in the technical improvement. 
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Footnotes to Section 4: 

SPe D.J. Aigner and S.F. Chu, "On Estimating the Industry Production 
Function,h American Economic Review, Vol. 58, No. 4, 1968, pp. 826-
839. 

2 See C.P. Timmer, •using a Probabilistic Frontier Production Function 
to Measure Technical Efficiency," Journal of Political Economy, 
Vol. 79, No.4, pp. 776-794. 

3 See S.N. Afriat, "Efficiency Estimation of Proquction Function," 
International Economic Review, Vol. 13, No.3, pp. 568-598. 

4 See J. Richmond, "Estimating the Efficiency of Production." 

5 

International Economic Review, Vol. 15, No.2, pp. 515-521. 

Although the level of technical efficiency of an industry can 
be estimated by specifying a stochastic production function, 
or profit frontiers, these methods cannot be used to measure 
cieocy at the f irro level. 

6 See J. Richmond, "Estimating the Efficiency of Production." 

also 
cost , 
effi-
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s. Summary, Conclusions, and Recommendations 

This paper can be separated into two related parts. The first 

part estimated and analysed the source of growth of real output of each 

three-digit ISIC industry in Thailand during 1963-1979 using aggregated 

industrial census data. The sources were categorized to be from the 

accumulation of real inputs and the increase in their productivity 

(TFPG). In additional to the study on the productivity growth of the 

industries, the second part measured efficiency at the firm level. It 

presented the efficiency level of each firm and the average efficiency of 

some selected industries. For these industries we were able to decompose 

the productivity changes into changes in efficiency levels and the 

changes in other factors such as technological changes. The findings of 

the first part can be summarized as follows: 

1. Among all sources of growth of real output of total manufac-

turing industries in Thailand during the entire period of 1963-1979, the 

TFPG was rather low despite the high rate of increase of real output. It 

accounted for about seven percent of the rate of growth of real output, 

leaving the remaining 93 percent to be accounted for by the growth of 

real inputs. However, over time the TFPG was increasing and it accounted 

for a higher percentage of the real output growth. It increased from 

0. 39 percent or accounted for 2. 08 percent of real .output growth .for ;t.he 

first subperiod of 1960-1970 to 1. 76 percent or accounted for 15.33 

I 

percent for the second subperiod of 1970-"1979. 
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2. TFPG of most industries declined during the middle and 

late 1970s when thei:e were high increases in energy and raw material 

prices. However, after some periods for inputs and output to adjust, the 

'!'FPG rose again in the midst of the high prices. 

3. Evidence does not support that TFPG of protected import-

substituting industries increased over time. In fact, TF.PG of imtnr t 

-substituting industries was lower than the average of all industries. 

The protection of these industries not only provided a shelter for them 

to exist even when their TFPG was declining over time, but it also 

squeezed out TFPG as a source of their real output growth. 

4. Exporting industries had TFPG above the average of all indus-

tries. Moreover, their total factor productivity seemed to grow witb 

export growth. 

5. Evidence d6es not support the effectiveness of policies to 

improve labor productivity simply by subsidizing purchases of capital 

inputs of industries, nor does it show increases in physical inputs to be 

a source of the advancement of total factor productivity. 

The findings of the second part are presented below: 

1. The average efficiency of the selected industries were hi9b 

during 1974 - 79. It seems to satisfy the competitive conditions which 

would drive ~he inefficient zjrms out of the industry. 

2. In 1979, the year of another steep increase in energy price&, 

there was a decline in average efficiency levels of most industries and 

.firms~ ,.¥.inns ..in ..the _paper -and -paper -:Product .and .t:he .tr.anspor.t ~q.uipment 

ind us tries~ which were more ..capital __intensive, experienced more declines 

than the rest of the industries. 

. 
• ' 
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3. The more efficient firms in each industry except for the 

paper and paper product and the transport equipment industries had medium 

size in terms of employment. For the paper and paper product and trans

p:>rt equipment industries, th~ more efficient firms had much larger size 

and higher capi tal-laboc ratios. This suggests that in ind us tries in 

which it is more likely to have economies of scale, larger firms are more 

efficient than the smaller ones. 

4. The' study of dispersion of efficiency levels of all firms in 

the same industry shows chat in some .industries such as the transport 

equipment industry, there was coexistence of a few firms with high levels 

of efficiency and a large number of firms with similar but much lower 

levels of efficiency. 

5. When the TFPG was separated to be from changes in ttle level 

of technical efficiency and other factors such as increases in capacity 

utilization and pure technological change, most industries showed that 

the changes in efficiency dominated other factors as a source of TFPG. 

In the paper and paper product and the rubber and rubber product 

industries the technical progress dominated the slight deterioration in 

efficiency so that TFPG remained high throughout '1 97 4 - 79. 'Iney were the 

cases where the high TFPG dia not necessarily imply a rapid improvement 

in-technical effici~ncy. 

In conclusion, the TFPG of manufacturing industries in Thailand was 

still small compared to that of developed countries and some newly indus

trialized countries. However, similar·to many industrialized countries, as 

industrial development progresses, the-TFPG of Thailand became an increasingly 

important source of growth of industrial production. At the early stage of 
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development in the 1960s, increases in raw materials and capital goods were 

the most important source of growth. In the 1970s when the Industrial sector 

became more developed, the TFPG as a source of growth of production increased. 

The increases in TFPG were from the increases in efficiency, capacity utili-

zation, and the technological knowledge. 

Our study also shows that the period of increases in the TFPG coincided 

with that of changes in industrialization and trade policies from import 

substitution to expor~ promotion. The import substit~tion policies protect 

industries which are less likely to have market demand potential outside the 

domestic market and prospects for cost-saving or productivity-increasing over 

time. On the other hand, export promotion policies encourage industries in 

which the country has a comparative advantage, and hence the potential for 

demand expansion in· the world market ,The growth in demand and competition in 

the world markets can enhance the TFPG and then enables the exportincr ind~stries 

to grow faster. Meanwhile, 1'FPG also helps the industries to be more ' competitive in the war ld markets and increases the exports even further. Thus, 

any industrialization or trade polic~es should also be considered in terms of 

the impact of the policies on TFPG. A policy which emphasizes increases in 

TFPG will contribute toward a more rapid industrial growth in the long run. 

In increasing TFPG at the finn level, finns should both improve 

the efficiency level and adopt new technological knowledge. In other word3, 

firms should be flexible in adjusting the employment of factor inputs in 

response to changes in .the .prices of inputs, ..and be innovative in diversify-

ing the products in response to changes in output prices in order to increase 
I • -'' 't 

efficiency and competitiveness. In addition, firms sncdd adopt a program 

including training to upgrade skills of workers and the managerial ability 

of manaqer, improving knowledge on resource-saving at the plant level, and 

increasin0 investments to adapt or adopt new technologies. 
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In order to obt-3.in high TFPG both ·at the industry .and the firm level.s 

stated above, bot~ the private sector and the government should work together. 

On the part of the government, the following is what the government can do to 

lead the private sector to achieve the objective of high TFPG: 

1 . The government should be aware of the importance of TFPG on industrial 

growth and r.ave -3. policy to promote TFPG in both the private and the public 

sectors. In doing so, the government has to know the productivity performance 

of industries in each year and the possible impact of various government 

oolicies on the annual changes in productivity. To obtain such knowledge 

th~re must be ~ gov~rnment agency to measure and analyse TFPG. The agency 

can be a division of any government offices such as National Economic and 

Social Development Soard (NESDB), National Statistical Office (NSO), Thailand 

:-1anagement Development and Productivity Center (TMDPC) ,or any other r1'!search 

institutions. Presently NSO has conducted an annual industrial census which 

provides minimal data for the measurement of TFPG. NSO can revise and extend 

the questionnaires for a bett~r measurement of TFPG and do the measurement 

itself. Alternatively, NESDB, TMDPC, or other research· institutions can co

operate with NSO ~n designing the questionnaires to obtain the data base 

appropriate for ':he best TFPG measurement and analysis. To obtain the !11ost 

accurate and reliable measurement of TFPG, the go•ernment agency should include 

personnel compet":'nt with technical "apability. For example, it should corsist of 

policy makers, representitives or NESDB, NSO, TMDPC, BOI, IFCT, other main 

users from the private sector, .and .some independent technical experts. 

2. Policy makers should consider the impact of various policies for 

industr:alization on TFPG. Any policy whcih hinders TPPG will not be likely 

to promote a rapid industri-al -growth in the long run. Besides, the government 

should cul. ti vate widespread awareness of the importance and ways and me"-ns of 

proG ~lrv 1mpr~vement. 

' 
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3. The goverrunent should initiate or support programs on research, 

development, and education. This can be in the form of grants for research 

in the public sector, or anv financial incentives for 

private firms. 

research in the 

4. TMDPC should provide a package program to facilitate technical 

assistance on the production floor, training of labour and management, 

modernization of the plants, and information on new investments in fixed assets. 

5_ The government should recomroend the financial institutions to evaluate 

new investment pro]ects based on potential productivity performance, in 

addition to the existing criteria such as profitability and financial stability. 

The institutions should mobilize funds to f~rms and industries with additional 

ootential for higher"TFPG and efficiency improvement. 'The total factor productivity 

or efficiency of the firm can be compared with the average of other firms or 

the best practice firms in the same industry suggested ir. the study. 
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