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MEASUREMENT OF INDUSTRIAL PRODUCTIVITY AND EFFICIENCY

INTRODUCTION

productivity growth meansures are intended to identify changes in
the level of production that cannct be accounted for by changes in the
quantity of the corresponding input usage and the characteristics of the
original producticn process. Studies in many developed countries show
that productivity growth is an important factor determining the growth of
real output of the countries. However, 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 incone. In addition the
short-run problems of unemployment and inflation could usually be
controlled by the manipulation of aggregate demand of the economles, by
trading the target of unemployment reduction for another target of low
inflation. Since the early 1970's (the period of a series of oil crises)
however, economic growth of most countries has slowed down. Besides,
frequently inflation and unemployment problems have emarged
simultaneously (stagflation). These slow growth and stagflation problems
are difficult to be solved by using the traditional technique of demand
management adopted in the earlier decades. Economists therefore shift
the attention to investigate the problems on the supply or the production
side. Many studies on the source of growth of production show that
during the period of stacflation productivity of labor also grew very
slowly. The slow growth of productivity in turn led to more decline 1in
output growth and more aggravation in the inflation pressure. This
implies that the improvement in produc tivity can not only decrease the
above pressure, but ‘t can also elevate the standard of living through

the faster growth of output 1in the economies.




The study of how to improve productivity growth is a complex
subject. In most countries, especially 1in LDCs, reliable data for
measuring productivity are scarce. When not much 1is known about the
measurement, it becomes difficuit to evaluate the effectiveness of any
policy to improve productivty. Having recognized all the needs and
difficulty of studying productivity growth, it .s important that more
research should be done in this field to improve data collection and
measurement methods so as to be able. to determine factors helping the
yrowth of productivity. This paper attempts three things: First,it
measures the productivity growth of the manufacturing industries of
Thailand based on the Dest available data. Second, it provides
explanation on the changes in productivity over times. Finally, it
decomposes the source of the productivity growth into changes in
efficiency and other factors such as technological changes. Before
presenting the prcductivity measurement and analysis the following
section will provide a brief survey of various productivity measurement
methods, Section 2 discusses the methods chosen 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 levels of firms of selected manufacturing industries
and separates the chamgpsin efficiency from the productivity growth measured

in the previous sections. Section 5 is the summary and conclusion.




I. VARIOUS MEASUREMENT 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 model approach.

1.1. The Index Number Approach

The index number approach nas been used =2xtensively by both
Denison and Kendrick in the work at the aggregate level. The TFP 1inJexes
are the ratio cf two separate indexes, one for output anc the otner Ior
inputs. The output index can be either 2 simgple or weicnted average of
heterogeneous joint outputs. The lnpuc 1ndex can te represented 3V A

1 znysical inputs.

fu
}—

single factor, say labor, ox the weighted average ol

when the productlvity 1S measured v the ratio of OUtgu

rt

input incéex of a single Zacwer o

rh

croduction, 1t s cailed partial I2CIoY
oroductivity measure. Whem it 1is rhe ratio Of output incex and the rndex

of weignted average of all inputs, 1T is called zotair factor croductivity.

1.1.1 Partial Factor Productivity

If output is defined as value-acdcec (V) whicn Zan De nroduceac
by two zrimary factors of groductilon namely labor (L)Y ang capital oy, Ing
partial factor productivity Zan pe eirther labor JrodusTivity Or C2pnLlTil

productivity.

Ay
(» Labor productivity: to = t
P} L
(2) Labor productivitcy ZrowLh: L2Cc = G" -
: L
(3) Capital productivity: Kioo= v
<
(&) Capital productivity growth: kKp; = v _ K
v K

where 2 nzt represeats ¢ time derivative.




Labor productivity (in terms of manhours or number 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. 1In contrast, capital is difficult to measure and the concept of
capital productivity 1s 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 production
function) rather than purely technical improvement in production (shift

in production function).

1.1.2 Total Factor Productivity

‘As neted earlier that the measures of productivity growth
based on a single input cannot necessarily be due to that particular input.
The rise could also be attributed to the 1lncrease in capital inputs, tC
hligher rate of capital utilization or to technical change. Thus, the more
accurate measurement of productivity should reflect the joint effect cf
all factors of productions. This leads to the concept of multi-factor

(total factor) productivity, with the following gineral form:

P
(5) TFP = v
AL + BK
where @and B are some appropriate weights, usually represented by labor

and capital shares respertively.

\There dre many approaches for measuring total factor productivity

growth (TFPG). The more commonly used ones are Kendrick's and Denison's




arithmetic measureland the geometrlc measure initiated by Solowa(discussed

in details below). For the arithmetic measure

(6) TFPG = AR

(aLt + th)/(ar..O +5KO)

where tne subscripts t ard 0 denote the time ¢ and the base period

respectively.

In the case when there are multiple outputs and inputs, 1t is
necessary to specify a meihod of aggregation 1n order to find the cutput
and input indexes. The method frequently used is the Laspeyres indexing

procedure applying to output ard inputs.

Suppose the producticn of Ql’ Qoeereney, Q 1S rhe cutput of
< ™

putting in Xy Xz, ..... , ¥_ into the process of producticn. The Laspevres
i3

index of output is measured by ™

(7) Q = i=l

I}
o
—

]
| o

%, i

where PO and Yo s are the price and the revenue share of the product
’

7

Qi at the base period.
Equation (7) shows that the Laspeyres index of output 15 1D

fact the welghted average of Qt L using the revenue shares at the bade

’

Q.
“0,1

period as weights.
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The Laspeyres index of inputs is measured by

n
(8) X = T P. . X

b

(@]

X0,1

X .
where P, ; and W, ; are the rental rate and the value share of input X/

» + ’

at the base period.
Equation (8) shows that the Laspeyres index of inputs 1s the

). S . - .
weilighted average ot t,i using the cost shares of the base period as

0,1
welghts. !

. 3 X . ‘
However, Dicwert has shown that the Laspeyres index 1s
1nexact except when the underlying production function is linear and all

inputs are perfectly substitutable in the production process,

1.2 The Production Function Approach

Another approach for the measurement of total factcr productivity
1s the Divisia indexing procedure. It 1s basei on the underlving production

function § = f(Xl, A,.....% ), where 9 1s outpit and Xyp Xy , X are
p4 n A n

inputs. The production function 1s assumed ©c be homogeneous and twice

differentiable.

(9) Let Q(t) = F‘[L(t), K(t), M(t), tY'

J

where L(t), <(t), M(t) are labor, capital, and intermediate 1nputs at time
t respectively.

Under competitive profit maximizing equilibrium.

(10) Q) = WEILEt) . L(t) + y(£)K(t) . K(t) + I’m(t)M(t) . Mt) + Ft(t)
o) P(E)Q(t) L{t) P(t)Q(t) K(t) Pt) o) M(t) O(t)




Without having to estimate the production function or the
output elasticities directly, ones can measure the total factor productivity
growth (TFPG) from the followings differentizi equation as if it were

an "accounting identity".

A -~ A A

F (8) = Q(t)- a(t)L(t) + B(t)K(t) + y(e)m(t)
(11) t -

Q(t) Q(t) L(t) K{t) M(t)

where a(t), B(t), and y(t) are labor, capital and raw material shares
respectively.
The above equaticn is the Divisia index of TFPG with continuous

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

form:
(12) Fc(“ = an(t)—an(t—l)E —Ua(t)m(t-l)i {lnL(t)—lnL(t—l)i
2
Q(t)
+ | B(L)+g(e-1) InK (t) -1nK(e-1)( +)y () +y(t-1){/lnM(t) -1n2(c-1}
2 2
" Equation (11) can also alternatively be written as follows for:
TFPG to be computed by using the input-cutput coetficients:
[ n “ - -
(13) Ft(t) :.1 T Y(t)aj(t) + a{t)b(t) + B(L)C(t)
);1‘ - —————
]
o(t) a.(t) b(t) c(t)

where aj(t) = M. (t) , b(t) = L(t)

Q(t) Q(t) Q(t)

and Mj(t) is the j~-th type of intermediate inputs.

In this torm TFPG cean be interpreted as the measuremen: of

tne changes in the 1input-output coefficients over time.




TFPG can also be measured by explicitly specifying gther various forms
cf productien function. The initial work i¢ done by Solows. He
cetimates the TFFG based on the Cebb-Douclas procuction function ©f velue-
auatd (V) witl, twe primery inpute labor and cepitel. With the scditione:
zcsumptions of constant returns to stale and Hicks' nevtrazl technicel

change, the function cen be w.itten in <he form:

(14) vie) = awone) kot @

z1.6 the Divisile index of TFP is

;(t) = V(t) a L(t) (1—G)F(t)’
(15 _— —_— e — 4 _
A{t) vit) L(t) Kit)

Following Solow's work, other studies have specified the procuction
fenction in & more general and flexible forms such as CES, tranclog,
generzlized Leontief, and quadratic specifications. Below will present

. b
the general form of the translog production functacr .

(16)1n0(t) = c0+uLlnL(t)+aKan(t)+uMlnM(t)+ut.t

2 ) ,
*ELKlnL(L)lnh(t)+£LMlnL(t)lnM(t)

+ & PLL {lnL(t)

+f InL{t)

Lt

2
etk Exx{lnx(t)i *BKMlnh(t)lnM(t)

+f )
£Kt {an(t/

2 2
R EMM{IDM(t)i + BMt{lnM(t)S.t + b Ett-t




The output elasticlity or the value share of each input is

(17) VL = 31nQ(t) =aL+B LLlnL(t)+BLKan(t)+BLM1nM(t)*BLt.t
lnL (L}

(18) Vg ® 31nQ(t) =+ BLxlnL(t)+BKKan(t)+8KMlnM(t)+BKt.t
9lnK(t)

(19) Vy = 31nQ(t) =o ¢ BLMlnL(t)+BKMan(t)+BMMLnM(t)+8Mt.t

dlnM(t)
The Divisia index of TFP with continuous time 1s

(20) v, = ALnQ(t) =a,+B, 1nL(£) +B, ok (£)+B, IaM(t) B8 ¢

40

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

(2D vT = tan(t)—an(t—l)S - (VL(t)+VL(t-l)}{lnL(tl-lnL(t-l)%
2

5

|
N {V.(t)+v (t-1) {an(t)-an(t—l)S v (e Y (t-l)i{lnM(t)—lnM(t~L)z
K K M M )

-

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

2

is itself the Divisia index of its compoments. For example, the Divisia

index of the labor input can be written as:
(22)

lnL{t)-1nL(E-1) = Iy (e)+v_ . (t=1) InL, (t)-1lnL, (t-1)
3 L) L] ] )

2
where vLj(t) is the value-share of the j-th compoment of labor input in

the total labor compensation.




1.3 The Cost Function Approeach

An alternative approach to the measurement of TFPG is based on
_ , 7 . :
the Cost function cual to the production function. TFP here 1s defined

4s minimum ccsts not accounted for by variations in output and input

rrices. e cost function i1s assumed to be homogenecus and twice diffe-

rentiable. Using C, W, r, ?1' ¢ and ¢ tc denote the cost function, wage

rate, capital rental rate, intermedlate 1nput price, cutput, ané time

rescectively, the cost function C can be wrlitten as:

(23) C = 6 MW, xr, ¥, @, t)

Under competitive eguilibrium,

2 T = " ' - . - « -

(24) c(x) WEIL(t) . W) - v(e)e(t) . yith | P (O)M(E) . Pm(t)+LQQ(t)+Gt(t)
cit) c(t) W) c(t) v (t) c(t) Pm(t) Q(t) Clt)

Where ZQ is the cost elasticity with respect to ocutput.

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

(25)

N = ) N D)
6, (€)= C(t)_[w(t)L(t)fw(t)+ Y(t)K(t).Ygfif P ()M(t).T(£), £ (¢
2(t) c(t) L cle) W)  .clt) yl(t) cle)  E_(t) ()

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

function, we can obtain the translog cost function of the following form:
(26)

InC(t) = 60+6Lan(t)+6 lny(t)+éMlan(t)+6anQ(t)+§t.t

K

2 + .
+56LL{IDW(t)} 6LK1nW(t;lny(t)+6LM1nw(t)lnpm(t?

+ éLanW(t)an(t)+6Lt{ an(t)} .t

2
+ HGKK lny(tﬂ +6KM1ny(t)1an(t)+6KQ1ny(t)an(t)+6Kt{lnY(t%,t

2
+ HGMM{lan(Lﬂ +6Hglan(t)1nQ(t)+6Mt{1an(t) .t

r 2

2
+ BégQ{an(tj 6 an(t)].t TI

1




Taking the logarithmic partial derivative with respect to

input prices and applying Shephard's Lemma, we obtain

3lnc(t) 1InQ(t) + 6_ .t (27)

C
]

1
§ L+‘6LLan(t)+5LK*ny(t) + GLMlan(t) + GLQ

L Lt
9lnW(t)
= = . 1 ( § 28
Uy 31nC(t) 5 o GKLlnw(t)+5KKlry(t) + GKMlan(t) + GKanQ\t) + 6.t (28)
9lny(t)
U = 8lnC(t) = & + & 1nW(t)+§ lny(r) + § InP (t) + 5 1nQ(t) + 6 t (29)
R MM M Mc
M UTEE::HD M ML MK m Q
= = 6 ( t 30
UQ 3lnC(t) N Q+ SQLan(t)+5QKlnY(t) + 6OMlan(t) + Qanz(t) + 5Qt (30)
3inQ{t)
The Divisia index of TFP with continuous time is
-U, = alnc(t) = ¢ et GLtlnw(t) + thLny(t)+6Mt1n9m(c)+6Qtnglt)+6£t.t ’ (31)

it

The discrete approximation of the above TFP index can be written as :

i}

—Um
1

InC(t) - lnC(t-l)} - [ {Ur(t)+UL(t-l)} [ an(t)-lnw(t—l)}

] 1 T
+ UK(t)+UK(t—1)}{lnY(t)—lny(E-l)j + UM(t)+UM(t—l)1{Lan(t)—Lan(t—lq

+ U (t)iU (t=1)] [InQ(t) -LnQ{t-1) 2 ’ s
{Q 0 H
2
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See for example, F.M. Gollop and D.W. Jorgenson, "U.S. Productivity
Growth by Industry, 1947-73," in New Developments in Productivity
Measurement &nd Analysis, edited by J.W. Kendrick and B.N. Vaccara,
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- 13 -

11. THE MEASUREMENT OF TFPG OF THAT MANUFACTURING SECTOR
AND DATA SOURCES

The manufacturing sector in Thailand grew at a very fast 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 industries. The ones which had the more rapid growth in the 1970s
were mostly industries producing products to be exported. The rapid
growth and structural change of the industrial sector were 1in reponse to
changing government policies. In the 1960s when industrial development
planning was in the initial phase, the policy was to promote import
substituting industries. Since the early 1970s, however, the policy has
been shifted to emphasis on promoting industries of an export - oriented

1
nature.

It is important to study the source of the growth of the
manufacturing industries 1in relation to the changing Industrialization
policies. 1In 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 demand 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 the supply cf the products can he due
to the increases in real inputs or their productivity over time. Studies
on the source of the industrial growth in Thailand on the demand side

2

have been done, for example, in Akrasanee (1974) . Hcwever, very little is

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




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 decomposed to be from the increase in
éhysical inputs and the total factor productivity growth (TFPG). In this
section we will present the methods chosen to measure real cutput,
physical 1inputs, and TFPG. It will also discuss the nature and sources
of data. The results of the estimation and aralysis in relation to the
various policies are left to be discussed in the next section.

As shown 1in the previous section there are many methods for
measuring productivity growth. The measurement which 1is based on
multiple factors of production namely TFPG, 1is 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 tc all factors of production can increase, consistent
with unchanged factor shares. 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 regquires vyearly data of prices of inputs and
output which are not available for our study. For the production
function e&pproach, TFPG can be measured based on a general form of
production function or on an explicit form such as the Leontief, the
~obb-Douglas, or the translog types. In our study the underlying
production function for measuring TFPG 1is that of a general form

Equation (9) . That 1is it can be any production function with the
provertiesofbeing linear homogeneous, twice differentiable, and possible

for all inputs to be substitutable in the production »f an output.




Based on Equation 9 which is the general form of a production
function the discrete approximation of continuousPivisia TFPG index of an

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

alt) + a(e-1),
. ;

(33)  rFegy (O (e

'linl.i(t)-an (t-1) + 1L(~KLL—(—(1Q
1 2 ’

{'.nf-ii(-'_) - T (-

() + (L) 4 o= 4 3{r-1)
3 ]

+ (-

{en Ki(t) - 4n K].(L—l)}]

For the TFPG of total industries, denoted by TFPG, the Divisia

-

index approximation is defined as

flO 0 PO (0
(3. T}([_): '2'1 T-——————— {in igi(l)"f{n (\'ri(L—l)?
B R T QY
i=1
Fn
|‘2 “’,i(r‘)l‘i(t) n w,([)].,(t)
_ 1—1 Z 1 1
n s
Y oP ()0, (v) 1= X w, (L. (u)
E:l oo =1 4
{tn Li(t) - 2n l.i(t-l)}
13‘1
,m .
o PN PO (0
+ 1:21 1 1
n i=1 i 1
Yo (00 (0) ERCILNC
o 1 1 L p) i
i=1 i=1

{vn M. (t) - 2n M_(t-1))
1 1

N 1

¢ . m,
Low oL+ b plion o)

N {1 =l i=1 }

n
z Po(e)q, (1)

i=1

5; P00 (0) - (DL () =PI (L)
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in estimating the TFPG froum equadon_zzjuzfirst need to measure
real output, real inputs, and the shares of all factors of production for
successive years. The industrial census conducted by the National
Statistical Office of Thailand (NSOT) is a major source for daﬁa on
production, intermediate inputs, number of workers, the stock of fixed
assets, depreciation, and the wage »il1l.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 Ecconomic 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
1SIC aggregation levels in the published census of the NSOT.

The lack of data on fixed assets and depreciation at the five-digit
1SIC level made it impossible to estimate the TFPG of industries at the
more disaggregated five-digit ISIC level.

The NSOT census is in actuality a sample that is drawn from all
firms Qith 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 1industry. The Ministry -of Industry has data on output by
commodity groups: The data cover all fimms with 10 or more workers. One
can aggregate the Minist;y of Industry commodity data into estimates 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.




there are significan{ ditcrepancies between 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 TFPG 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

date on factor inputs. TIor each year with NSOT census data, we
estimate data on factor inputs for thre:-digit ISIC 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 Ministry of Industry. Data on inputs wvere estimated by apply-

ing a varlant or the pcocedure described above. E3timutes for any spe-

cific tnput were derived Ly multiplying our output estimate by the ratio
of the Lnput to culput where the ratios were derived from interpolation

of NSOT data. This procedure iz explained mere precisely in aquation

(35) pelow.
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Moie that che aumber of workars was estimated by dividing the
eurimate of the wage bill f{dascribed azbove} by nominal wage rates ob-
tained from the NSOT census. Real capizal input wae estimated by
applving the estimatzs of flxed aseets and depreciation {1esergiped

obove) ro the prucadures describad in Section 2.3 below.

2.1 Real Output

The comoutation ol tha growth rares ol phvslenl cutpur of three-

digtt I3IC based on the diniatry of Industry comsodity dara togethear
wich the NSOT censnue «lita wds doae by the following pyocedure. First,
we used relative pricss ro asgresate the Hindstry of ladustry data on
commodity output to measure oucput of eich five-digit ISIC industry.
Sacond, we w3ed the resulving output dacta to compute the continucusg
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ghares were obtained from the MEOT cenmsus 90 a8 Lo he conuistrent with




fector input date cf thres- 4!
This method of messuring growth racec of real cutpur
tion of the comtinuous Divisiz index ol

the estimation of the rate ot growth of

ISIC indusIiry
Let
PR

v, . (e}

N
PP
Qijk <!
Pijk(t)
qij(t)
and q, ()
where i
3
k
and t

to obtaln the

First,

is described

be the NSOT's value

NSO
T
be
in the

-

categorlzec

i-ch three-alpit

cirm

2ali~

20 -

real
regl

more precisely belou.

proluction

industry ot time t

vatue of preduction

in

L3I0 laduecTy at

be the relative price cf Q;ik(t}
be the continuoue ycrth tates of
be the continuoug growth
three-dipis ISIC industry at time
e i, 2, ..., n
= 1,2, ...,
N R
= 1,02, ..., 7

following,

we obtained

tae NCOT's

L incustries obrtained

/
acput.

phvsical outpur of

“he j-Tioiave-aiglz which belongs to

)
from the NSOT.

wes the approxima-

The procedure of

output of each three-digic

the i-th three-

of the j—th five-digic

i~-th turses=-{igit 1SIC industry at time t
all-firm pu-cical ouirus of she j-th five-digit
Pl ! J < g

i-th three~dipit ISIC industiry st time €

the k-th commodity
the

time t

crte of ouzput of the i-th

9

value of pcocuction of three-digit




zzy'a prodection value af any pericd was

—dag Sy b
Tieu. roen wudud

13IC indus

re

found L7 aggresaciag Jhe period’s praducilon values of all five-digit

[

fnre the same cerresponding

Ve
L.

[eTC {adustrics wnoso fodastriel coles

firsg three digits. {.2.,

t
3 = ‘. r . -
(38) LSS OR I S
-~ T Ay

Second, we obtzined the all-firm phvsical vutjet of five-digit
ISIC indusicies. Sach industry’s physical output at any period was
found by aggregating the quaurities of commodities which ure grouped

7SIC s;ndussriocl code by using thelr celative

Iad

under the szame five-digi

prices as welghts, t.2.,
3

X
(39) 0, .(t) = A Pl Ay, T

"alrd, we obtaiand the

1
.

digit 1S8IC industries. doch uduatry fs snnuel groWta rate Was vhe Jdi

stween che natural Logiv.ihs of gnuoun belwesd L40 fucoessive

y

e
[
1&)
o
N
]
o
i

periods, t.c¢.,

(40) g, (T_') L ¥ }

Finally, we obrafaea the Jrowth cuLles of output or tiiree-digil
[$TC iacustries. Lach irdusirs’s aamal acowth rane was found bv

wetlghted—averaging all o« Five-dipir 17I0 incusoriea’ contlnuousd

arewth rates of oucpur Jhich baloag ding three-

ro the Sone Corrsspon

dizit category wy asing thetr value ahaves 48 welghts, L1.2.,

p

th rales of ounpul of Tlve-



intermed:ste iuputs for

each three-digirc

ISIC industTy car be obtalaed Uy agerepcting the sontinuoue growth
tates of ail purehesaed dmputs wmessuved In recl nerms uvsing theilr valuc

share in total intermzdiate iupuass as

-

‘he valucs o?f

¢iiferent tyvpes of purchased inpets dsed in incurlries were available,

we would deflate eal of thes by Llis own price delsator and aggregate

their growth rates with proper weights to cbioin the growth tate ol real

intermediave irputs, untortumateiy, the weluew of purchased inpute ve- {

ported 1r thie NSUT's iuductrisl census were o’

without breaskiog then futo typec.  Tne Jlleruative wae

Aggregated figures b

inputs and then find the continusus grovth rates.

defiator ¢f intermedluate

vthe deilators of Vreqor”

welghted~averaging

the iudustry ehere weighte are thely Correspouding vajue

LY
intermediate inpuis. That s, by detting

bM (i) be tie deflavor ol dntermedicve Snputs of
L
digic IZIC iwdustryy ot Lime
the I-ci threc—-digit

and be, the i-th antermediate inp.al

digic ISLO dindustry at time ¢
M) B

to deflate

inputs u9ed iu each indusntry wam

LOLN an dggregated form

rhese \

v oageropriate deflatore to obtualn real Intermedlate

1n our study, the

founa by

purchasad inputs usecd AL

[

gharoe dn tutu

he d-ih thvee-

pe the dellator of the 1-tu iutormediais 1nput used lno

o~

phyee-

i--th




e A A ————— .
. ———— el

where

J=1, 2, ..y m

we obtain

n R ()

LU S5 BRI
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The source of data for deflstcrs DM4j(t) was the Mirierry of
Commerce's wholesale price indexes of Industries and the bose year was
10 . . .
1968, The voiue shares were coxzputed from the input-output tsble for

1975 which is currcntly the aaly one nvai1ablc.lL if wore {dindished raw

material prcducts such a3 parcs end cowponents whoue velotive prices
increased over time were substlituted by firms' own production done by
cmploying benic metals, lebor and cupital whose relative prices in-
creased amore slowly thut cle former, uce of rflxed weightr from che 1975
input-outpuil table will pencrate scwe biases In the messurement ot de-
flatcors DMij(t) tor thie years be’cre apd after 1975, The blases are
that before 13975 the coflators and the grovth o resl intermediate in-
puts will bLe overestimated, while the TFPG will be underestimated. On
the other hand, after 16?5 the biases are in the opposite direction.
However, 1f the changes in the weights over time sre not pronounced (as
. 12
found in the case of Turkey in Krueger and Tuncer, 1481), the bisses

will not be significent and our method should provide an accurate

measurement of real intermediatc inputs and their growth.
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2.3 Real Capital Stock

~ 2 e . ' . , e . [
Capitel stock dis (lasnified into twe types: :irst, buillinge

1
i

and structures; second, wuitninery, eoulpnent snd vehicles. For eac
type at any period, real capital stock wae obtafned by wdding current
grous 1nvestment ot constart prices to the Teul capital stock of the pre-
vious period excluding reel deprecimtions in thar pericd.

That is, 1{ we let

K ﬂ_(t) ve the real cupital stock of the j-th type of the i-th

industTy 3% time ¢
G1,,{t) be the groce investment {low on the j-th type of capitel

of the 1-th Industry at rime t

PI.(t) be the investment deflaver of the $-th type of capitel at

tive t
and éi’ be the rate of deprecagiion ol tne i-th type of capital
stock oi the i-tch industry
where i* 1,2, ...,
3= 2, ..., m
and t =G, i, 2, ..., T
then we obtein
Ci, (t)
. 14"
k. L) ™ c=—— + (1 -~ 6 K t-1

-

By & procese of iterative substitution cf Kij(t—l) in equstion (43)

we can write

_ _ . t Tt 61, (ts)
(64) Ky (0 = (L= YK (0 + ﬂfll'l-cii',' ?T;(:w)
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where Kij(o) is rhe initial real canital stock of the j~th rypc of the
{-th industry.

In our estimation of real capital stock, we cefined the rates of
depreciation as the reciprocal of the economic life of different types
of capital. The real capital stock estimation therefore requires a
yearly measurement of four kinde of variables, namely, gross investment
flows, investment deflaters, iniclal real capital stock and the economic
l1ife of the two types of asseta. The measurement wetheds and data

gources of these varlables are described below.

2.3.1 1Investment Data

The time series of gross nominal invescment
datsg are not}gvailable. We estimated them by making use of the NSOT's
revised industrial census data, torepresent all firms, of net bock values
of fixed assets and depreciations during the year.l3 The aross nominal
investment &t a period was defiped To te the change in net book values
from the previous period plus the depreciations in that period. That
is, by letting

NBVij(t) be rhe nct bcok value of the j-th type of capital of the

i~th three-digit ISIC industry at time €

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

D,
i-th three-digit ISIC industry during the period ¢,

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

industry at period ¢, GIij(c) can be defined as

(45) CIij(t) = NBV, (t) - NBV, (t-1) + Dij(c-l)

3 3

i
—
no
-
3
.

where 1 = 1, 2, ..., n; ] t o= 1,2 500007




2.3.2 Investment Deflators

Since the estimated gross investeent

series of each type of asset obtaincd above were &t current prices, they

had to be deflated by appropriate investment deflators to obtain gross

investment in real terms for estimating real capital stock in equation

(46) .

The deflators for buildings and structures were from wholesale

price indexes of construction materials; those for machinery, equipment

and vehicles were from the welghted average of the indexes of wachinery

and equipment, and transport equipment whoge weights are their velue

. . 14
share of total investment 1ir them.

The price indexes of all assets

[ 4

wvere from the Ministry of CommercelJ and the base year was 1968,

2.3.3 Initial Capital Stock
According to our method of estimaring

real capital stock with gross investment increasing along its time

trend, it is noticeable from equation (44) that the further back the

initial year of capitsl stcck we heve, the better estimates of the

present capital stock we can obtsin. This 1is becsuse with the passage

of time the investment of previous periods constitutes a smaller and

smaller portion of the current capitel stock. Should there be any

errors in the investment date of initial years, these will affect our

estimates of the current stock minimally.

For Thailand, the earliest year the relevart data available for

estimating initial capital stock by manufacruring industry is 1949, 1In
16

1949 data from the Nationsl Economic and Social Development Board

existed on total fixed capital formation of the aggregated industrial

sector, but these data were not separated into industries or type of

capital stock. In order to find fixed capital formation of each




tndugtry to represent uominel fnvestment of the initial year of 1949,

we prorated the total fixed capitzl formaticn by each industry's share

in total value-added of the sr.-ctor.17 Each industry's value~added in

1949 was estimated by wultiplyiag the industry's value-added per em-

ployee figure by 1ts number of workers. The data on value—added per

employee by industry were obtained from the United Natlons Industrial
a

Development Office (1963),lo and those on the number of workers by in-

dustry were from Thailand's 1949 census {National Fconomic Council,

Central Statigstical Office, 1952).19

'After obtaining the total initlal invesgtment OT capital of the
initial year for each industry, we sepurated it further into compenents
of buildings and structures; and macninerf, equipment and vehlclea. The
proportion of each component wes the average 5% the proporcions acrogs
years estimated from all the available census data.

Using the initiul year of investmeat of 1949, we see that the
1949 fixed capital formation 1s less than 10 percent of the capital for-
mation in 1963 andthree percent of that in 1979, #ith the depreciation
rates described in the following sectlon, any podsible errors in the
estimates of initial capital stack will be embodied in a small portion
of the estimates of capital stock of 1963 to 1979. In fact, the errors,
if any, of the estimates oX inirial levestment in machinery, equipment
and vehicles alumost vanished by 1963. Meanwhlle, those of the buildings
and structures estimates are embodied in no more than five percent of

the estimates of capital stock in 1962 and one to two percent in 1976,

2.3.4 Fconomic Life of Assets

Zocween two types of assets,




puildings and structures are wuch more durabie tnan nachinery and equip-
ment. Based on Krueger and Tunccer's eetimate:,ZG the average life of
structures is about 33 years. Un the other hand, machinery and equip-
ment have an average life of abqu: 15 years. GSince the life of a
structure does not vary much across industries compared to wachinery
and egquipment, we assumed all industries had the sume 1ife of 33 years
for structures, but the i1ife of machinery snd eguipment varied with
industries. The life for each industry was estimated from Park'e esti-
mates for U.S. induscries.21 The asverage life of U.S. machinery and
equipment is longer than Thailand's, so Park's estimates were scaled

down ®0 that the weighted average tor the whole manufacturing sector 1ig

15 years.

2.4 Labor Input

A better measurement of labor lnput of an fndustry is man-hours
classified by different qualities of laborers, such as age, sex and
educatien. Its growth rate caa be obteined by aggregating the weighted

continuous growth rates of laborers of different quality groups using

ry

the wage bill for each group as wuights.;“ dowever, due to the lack of

the above dats, we decided simply to use Che ngmbcr of workers employed

in each industry during the year as the meesurement of labor input. ihe

data source was the NSOT'e industrisl census. 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 employment in the



e

manufacturing industries grew 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
overescimation 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-
cluded the cost of raw materials and fuel energy used. The labor share
was obtained by dividing expenditures 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 remainder 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 (33) is the moving average of the
current and previous year's shares. However, in computing the TFPG 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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Footnotes to Section 2

1 For more details see Naromgchal BAkrasanee, "Trade Strategy for
Employment Growth in Thailand", in Trade and Employment in Develop-
ing Countries, 1, Individual Studies, ed. Anne O. Krueger et, al.
(Chicago: University of Chicago Press, 1981), pp. 393 - 433 and
Paitoon Wiboonchutikula, "The Growth of Thailand in a Changing World
Economy: Past Performance and Current Outlook”™, Southeast Asian
Affairs, 1984. Institute of Southeast Asian Studies, Singapore,

pp. 326-339.

2 See Narongchai Akrasanee, "Import Substitution and Sources of
Industrial Growth in Thailand, 1960 - 69, " Thai Economic Review,
January, 1974.

3 M. Ezaki shows that equation (34) 1is equivalent to the weighted
average of all industries' TFPG rates where the weights are their
output value shares. See M, Ezakli, "Growth Accounting of Postwar
Japan : The Input Side," The Economic Studies Quarterly, Japan,
December 1976. pp. 193-215.

4 National Statistical Office of Thailand (NSOT), Report on Industrial
Census: Whole Kingdom, Bangkok, 1964, 1969 and 1971; and NSOT,
Tndustrial Census: Whole Kingdom, Computer Files, Bangkok, 1972,
1975 and 1976.

5 See 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 wvalue shares obtained from the NSOT data and Ministry of
Industry data are, however, not significantly different in most
industries.

7 See the discussion on Divisia Index numbers 1in E.R. Berndt,
"Aggregate Energy, Efficiency, and Productivity Measurement,” Annual
Review of Energy, 1978, pp. 225-73; C.R. Hulten, "Divisia Index
Numbers;" and S. 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 1is
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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1
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When commodities' production values and quantities are both
available, commodity prices are found by dividing the production
values by the guanticies. But when productior values are not
available, prices of imports or exports are used 1instead to
represent the prices of commodities. The sources of all these data
are the same as in footnote 5.

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
ofreal intermediate inputs which are very close to the ones using the
deflators of "all" purchased inputs.

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, Bangkock, 1978.

The input-output table is from Thailand Input-Output Joint Project:
NESDB, IDB (Tokyo), and NSOT, Basic Input-Output Table of Thailand,
1975, Bangkok, 1980.

See A.0. Krueger and B. Tuncer, "Estimating Total Factor
productivity Growth in a Developing Country,"” World Bank Staff Work-
ing Paper, No. 422, Washington, D. C. 1981.

See the detailed discussion in the introduction of this section

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.

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

See NESDB, National Income Account of Thailand, Bangkok, 1952. Note
also that the NESDB's data on total fixzed capital formation of 1949
are for the entire manufacturing sector. We estimate that about
cne-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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Note that the closer each industry's capital-output ration is to the
capital-output ratio of total industries, the better is the
estimation used above.

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

See National Economic Council, Central Statistical Office,
Statistical Yearbook of Thailand, Bangkok, 1952.

See A.0. Krueger and B. Tuncer, “Estimating Total Factor
Productivity Growth of a Developing Country."

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

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 ESTIMATION AND ANALYSTS OF TEPG OF THAL MANUFACTURING INDUSTRIES

3.1 TFPG as a Source of Real Qutput 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 subperiods of 1963 - 1970,
1570 - 1976, and 1976 - 1979. For the entire period of 1963 - 1979, real
output grew at the rate of 14.06 percant per year. When separated into
two main sources of growth, namely, the accumulation of real inputs and
their TFPG, the table shows that the latter source was still minorc
despite the high real output growth. In fact, the TFPG contributed only
1.02 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 inputswhereas l2gs thm aight percent was due to
TFPG which measures the increases in the savings of inputs used in the

production of a unit of output.!

This estimate of the TFPG is rather low compared to the estimates
of many DC3 such as US and Japan. In the US the estimated rates of TFPG
of the aggragated manufacturing sector are about 1.82 peccent (Kendrick,
1980} in the past two decades. [n Japan it was on the average of
abous 2.04 percent (Hulten and Nishimizu, 1981) for 1ll the disaggregated
industries. They all accounted for about 17 parcent of real output
growth. The TFPG comparison with other LDCs is moce difficult because 30
far not many studies have been done., It iz due partly to the paucity of
data. Although there are some TFPG estimates that are for economy-wide,
those for the manufacturing sector are very scacce. Moveover, those that
are available are usually estimated by different methodologies, varying

peciods of time, and different scopes of the manufacturing sector. Above




Table

3-1: GROWTH RATES OF REAL OUTHUT,
OF TOTAL MAWUFACTURING INDUSTRIES,

WIUTS, AND TOTAL FAZIUR FRODUCTIVITY

Input Shares in Production

1963 ~

1677

Year Intermediate Labor Capital
1963 - 70 .6062 . 0807 3131
1970 - 76 .6387 .0790 .2823
.197¢ - 79 .6525 .0677 .2798
1970 ~ 79 .6538 .0680 .2782
1963 - 79 .6422 .0748 . 2830
Continuous Annual Growth Rates in Percent of
Input Weighted Input
Year Output Intermediate Labour Capital Intermediate Labor Capital Total Inputs TFP
1963 - (163'58, 19,81 14, .71 12.01 1.156 3,21 18,40 0,39
: fA3,92) (A.17) (27.8%) (Q7.92) (2,08)
1970 - 11.70 10.47 8. .03 6.69 0.68 2.91 10.28 1.42
(100.00) (57.18) (5.81) (24.87) (87.86) (12.14)
1976 - 11.26 13.84 1. .25 9.03 0.10 0.35 9.48 1.78
{100.00) (80.19) (0.2Y) (3.11) {84.19) (15.81)
1370 - 11.48 11.25 6. .88 7.36 0.45 1.91 9.72 1.76
(100.00) (v J11) {3.92) (16.64) (B4.67) (15.33)
1963 - 14.06 14.35 .4 .02 9.21 0.71 3.12 13.04 L.02
(100.00) {65.50) (3,03 (22.19) (Y2075, (7.25)
Source: National Statistical Office of Thailand, Report of Tndustrial Census: Whole Kinadom,
var ious years ({see details in Srction 2)
Notes Figures in parentheses are ratios of growth rates of inputs and TFPG to growth rate of

real output in percentages.

_97€._



all, they ar2 mostly at che highly aggregated level of industrial classi-
fication. For example, Chen estimated the TFPG rates of the aggregated
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 estimateof the average TFPG in the Turkish manufacturing
industries was about 2.10 percent during 1963 - 1976 or accounted for
about 17 percent of real output g:ow&fz. Tsao Yuan's estimate of TFPG
in the Singapore industries during 1970 - 1979 was about 0.69 percent or

accounted for about -four percent of real output growchB.

Although the rate of TFPG of Thailand was low for the entire
period of 1963 - 1979, compared to the DCs and a few avalilable estimates
of LDCs, Table 3.1 shows that it had increased over the two decades.
During the 1960s (1963 - 70), it was about 0.39 percent or accounted for
two percent of the 18.79 ceal output growth rate. During the
early to mid 1970s (1970 - 76) it was increased to 1.42 percent or about
12 percent of the 11.70 rate of growth of real output. By the late 1970s
(1976 - 79) it accelerated to 1.78 percent or abbut 15 peccent of the
[t.26 percent of real output growth. In other words, the increase in
real inputs as a source of real output growth had declined over time 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
agricultural development from 1950 to 1959, real farm 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



response to the increase in market demand. However, after uncultivated

land became more 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 marufacturing industries in
Tnailand, it may be that real output can grow more guickly during the
initial period of industrialization of 1963 - 1970 than during the latter
period despite the low TFPG by combining the relatively abundant raw
material resources with labor and capital irnputs for production.,
However, 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 reel output to

expand at & high rate.

3.2 The TFPG and Increases in Raw Material Prices

Michael Bruno shows that if output is produced by the combination
of three factors of production - labo:, capital end intermediate input -
and intermediate input is employed optimally to the level at which 1te
marginal product is equal to its relative price, then the production
function can be expressed in terms of the two remaining labor and capital
factors and the relative intermediate input prices. In this model, in
t'e 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, eguivalently, an outward homothe-

tical shift in the isoquant in the primary input space,

In the case of Thailand, the TFPG of almost all industries was




- 37 -

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 price of other major inter-
mediate products of the industrial sector such as textile materials, pulp
paper, chemical materials, and basic metals (especially the imported
ones) increased at the rate of over a quarter percent per year.5 These
price increases slowed down the [FPG of some industries sooner, but some
with a lag. However, the increases in energy 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 jumped to the maximum of no more than five to six
percent later. What affected them more were first, the accompanying
increases in the prices of other raw materials whose share in total
production was over one-half (see Table 3.2), especially among the
heavier import-substituting industries. Second, the decreases in demand
for all products in the early 1970s. Both shocks made it difficult for
industries 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 labor inputs were not able to adjust fast
enough in the short run, In this period, some capital stock which was
accumulated as a fast rate in the late 1960s to the wcarly 19703 was left

7

under utilized. On the other hand, due to the rise of labor unions in
the early 1970s, some industries such as textiles and clothing had

difficulties in lowering employment in response to the decline in

production. All these made real output decline faster than real input,

and the result was a substantial decline in the TFPG in many i.dustries




Table 3.2: CGROWTH RATES OF REAL OUTPUT, INPUTS, AND TOTAL FACTCR PRODMUCTIVITY OF

TOTAL MANUFACTURING INDUSTRIES IN FOUR SUBTERIODS

Factor Share

Annual Percentage Growth Rates of: Annual

Percentage Increase

pPeriod Intermediate Labor Capital Output Intermediate Labor Capital TFP of imported oil prices
1963 ~ 72 0.6169 0.0811 0.3020 17.1° 18,57 14.54 1A.31  0.41

1972 - 74 0.6381 0.0823 0.2796 8.51 6.41 12.48 12.35 =N.06 70.77

1974 - 77 0.6423 0.0721 0.2856 14.26 14.30 -2.02 0.52 5.07 8.41

1977 - 79 0.6583 0.0631 0.2786 8.53 11.68 5.43 4.39 -0.62 20.93

Sources: National Statistical Office {same as
various years.

Table 3.1), and Bank of Thailand, Annual Report,

—8€—
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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. puring 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 there 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. During 1977 - 1979,
energy prices increased at over 20 percent a year. Qutput grew 2t less
than 9 percent a year, but total real inputs grew at 9.25 percent. As

a result TFPG rate was declined to negative 0.62 percent.

3.3 Comparison of TFPG of Import-Substituting and Exporting Industries

Import-substitution policies in Thailand to encourage domestic
industrial production were introduced in the late 19503 and continued
throughout the decade of the 1960s. The government protected new
industries from foreign competition by imposing higher tariffs on imports
competing with them and, at the same time, imposed lower tariffs on raw
materials and capital inputs used in production. The rationale for the
policies was mainly for the survival of these newly established
industries during some initial period of production when thelr 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, indivisibilities 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 protection. This, in turn, suggests
that after some initial period of production, inputs per unit of output
of these protected industries should decline. Moreover, the decline
should be at a rate faster than other unprotected industries.8 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 1t was
much lower than that of non-import-competing and exporting industries.
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 subperiods of the 1960s and 1970s, we found that it
declined in the later decade as contrasted with other industries which
experienced an increase 1in the TFPG over the two decades. In other
words, for import-competing industries, over time the dominant sources of
growth of real output were either from the accumulation of raw materials
or capital input. When comparing the percentages of this input growth

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

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




Year
1963 - 70
1970 - 79
1963 - 79

Year
1563 - 70
1970 - 79
1963 - 78

Table 3.3: GROWIH RATES OF TOTAL FACIOR PRODUCTIVITY RELATIVE TO REAL OUTPUT OF
INDUSTRIES BY TRADLE CATECORILS, 1963 -1979

Inport-Competing Industriles

Growth Rates of Ratio of TFPG to

Output (%) TEP (%) Output Growth (%)

15.44 0.37 3.76
13.09 -0.40 -3.31
15.88 0.01 0.006

Exporting Industries

Non-Import-Competing
Indusrries’

Growth Rates cf

Output (%) TFP (%)

Ratio of TFPG to
Output Growth (%)

Growth Rates of Ratio of TFPG to
Output (%) TEP (%) Output Growth (%)

1o.35 0.03 3.54

11.77 1.72 14.61

14.00 1.26 9.00

Source:

as Table 1.2

19.31 0.25
11.25 1.98
14.78 1.22

Export Growth

g.E5
14.50

19.8¢

_'['7_
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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 they wanted to
increase production to meet the strong domestic demand resulting frorm
higher tariffs on imported products, they cimply increased raw materiel
and capital inputs, mostly imports. With the protection restlting in
higher domestic prices and lower imported raw material and capital input
prices, they did not have to make an effort to modify, adapt or manage
the inputs to reduce total costs in order to be competitive in the

9

market, In fact, the protection not only provided & shelter for these
industries to exist even when their TFPG was declining over time, but 1t

also squeezed out the TFPG as & source of their real output growth.

For exporting industries, when comparing the two subperiods, the
TFPG was higher in the second period of the 19705 than in the earlier
one. It increased from 0.65 percent which accounted for about four
percent of reel output growth in the first period to about 1.72 percent
which accounted for about 15 percent of real output growth in the second
period. In fact, the second period was also noted for the expansion ~f
exports in response to the policies favoring export promotionstarted in
early 1970s. In the 1960s export grew at 9.86 ~ percent a year. In the
1970s the rate of export growth was Increased to 14,56 percent a year. This
suggests a positive relation between TFPG and the growth of exports in
the two decades. The growth of the TFPG which reflected the increase in
savings of all real inputs per unit of output over time enables the
industries to compete in the world market. On the other hand, the
increases in exports allowed domestic production to grow fast enough to

exploit some abundant raw materials, to better utilize capital stock, and



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 industries was in contrast with the low TFPG observed in the
import-competing industries discussed earlier. The growth of import-
competing industries entailed the faster growth of raw materials and
capital goods, mostly imported, than their real output growth over time.
Meanwhile, as will be seen in the next section, their labor productivity
growth was also hindered by the distorted production technology in light
of available unskilled labor. All these factcrs, together with the
possible inefficiency in the use of plant size due to the small domestic

market, explain the low TFPG of the import-substituting industries.l

3.4 Sources of Labor Productivity Growth and TtPG

This section concerns two questiors regarding to the source ot
labor productivity growth and the source of TFPG of the manufacturing
industries in Thailand during 1963 - 1973. First, how lmportart was 1t
that increas2s in capital intensity contributed to the improvement OF
labor productivity? Second, how important was it that incr2ases 1in
physical inputs contributed to the advanc:ment of total factor produc-

tivity?

For the first question, the analysis is done by considering the
following equation which states that labor productivity qgrowth 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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where the notation was described in Section 1.

The estimation of the rates of labor productivity growth,
increases in real raw material and capital inputs per worker, and the
TFPG by equation (46) for the aggregated industries during the entire
period of 19¢3 - 1979 and the two subper.ods of 1963 - 1970 and 1970 -
1979 are presented 1n Table 3.4. According to the table, during the
whole period of 1963 -~ 1579, labor productivity growth of manufacturing
industries in Thailand grew at the rate of about 4.6 percent per year.
Of this, about 68 percent was accounted for by the increase in raw
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 subperiod of 1963 -~ 1970, while the
contribution of both the growth of raw material input per worker and that
of the growth of capital intersity declined. The contribution of TFPG to

labor productivity growth increased from 9 percent in the 19605 to 36



Table 3.4: .GROWTH RATES OF LAEOR PRODUCTIVITY, INTERMEDIATE AND CAPITAL INPUTS PER WORKER,

AND TOTAL FACTOR PRODUCTIVITY, 1960 - 1979

Continuous Annual Growth Rates in Percent of:

Weighted Input per Worker

Output Input per Worker
Year per Worker Intermediate Capital Intermediate Capital Total Input TFP
1963 - 70 4.43 5.45 2.35 3.30 0.74 4.04 0.39
(100.00) (74.50) (16.70) (91.70) (R.80)
1970 - 79 4.84 4.61 0.24 3.01% 0.07 3.08 1.76
(100.00) (62.19) (1.45) (63.64) (36.36)
1963 - 79 4.6 4.89 1.56 3. 14 A% 3.58 1.02
(100.0) (65.26) (0.57) (77.83) (22.17
Source: 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.




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 ]7 to less than 2 percent in the two successive subperiods.

It 1ic interesting to note the snall contribution of increases 1in
cepital per worker as contrasted with the increasingly larger contribu-
tion to the TFPG tc lebor productivity growth over the two subperiods.
In the 1960c, LPG was 4,437 and capital-lator ravic idncreased at 2.:°
percent & year. 1In the 1970s, labor productivity growth acceleratec to
4.84 percent despite the smaller increase in cepitel intensity. In fect
1t was the acceleration of TFPG that lec to the 1ncrease 1in labor
productivity. Thic can possible be expleined by the following reasone.
In the 1960s when capital 1input could be obtained at both lower prices
and tariffs = capitel intensity increased facster than the later perioa of
the 1970s. Lower ckilled workers in the 1960s hed to work with imported
machinery and equipment which were not quite suiteable for local lebor
skills, management ané markets., The result wac that increasec in cepltal
intensity was accompanied by low TFPG &nd it did not account for much of
the increase in labor productivity. In the second period of the 1970c¢,
the capital-labor ratio increased at & lower rate than the previous
decade due to the increases in the relative prices of imported capital
goods and the increases in  capacity utilizationm. Entre-
preneurs  were 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 lz2hor productivity. Thus, the effectiveness of
policies to improve labor productivity by simply subsidizing and lowering

tariffs on any capital input purchasec canrot bce supported, at least by

our study.
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Regarding the source of TFPG, did the increase 1n TFPG result
from improvement cmbodied 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. 1In other words, industries with a higher

growth of real inputs should also have a higher TFPG.

The above Lypothesis was tested by estimating the following

simple regression:

(47) TFPG = b + b, GIP T u
o) 1

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,
bl 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. \
2
(48) TFPG (1963 - 70) = 1,14 - 0.20 GIP R™ = 0.02
(0.03)
2
(49) TFPG (1970 - 79) = 2.64 - 0.15 GIP R™ = 0.12
(0.09)
2
(50) TFPG (1963 - 79) = 2.01 - 0.08 GIP R = 0,08
(0.05)

According to the above estimated regressions, bl is rot signifi-
cantly different from zero in any period. There simply is no evidence to

conclude that increases in reai inputs brought abcut any increases in

total factor productivity.
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Footnotes to Section 3

o

10

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.

See A.0. Krueger and B. Tuncer, "Estimating Total Factor Produc-
tivity growth in a Developing Country.”

See Y. Tsao, "The Growth of Productivity of the Manufacturing
Industries in Singapore, 1970-79," a memio, National University of
Singapore, 1983.

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

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

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

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

This hypothesis was tested and found invalid in the case of Turkey
in A.0. Krueger and B. Tuncer, "An Empirical Test of the Infant
Industry Argument,” The American Economic Review, Vol. 72, December
1982, pp. 1142 - 1152.

An example for the argument can be found in Paitoon Wiboonchutikula,
"productivity Growth of Agricultural Machinery Industry in Thailand,
1960-1979," 1in Consequences of Small Farm Mechanization, Inter-
national Rice Research Institute and Agricultural Development
Council, Philippines, 1983.

For further discussion on other possible reasons for the superior
performance of the export promotion policy over the import-substitu-
tion policy, see A.0. 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, 194°.




IV. THE MEASUREMENT OF EFFICIENCY AT TINDIVIDUAL FIRM 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 4
technology and the level of efficiency of production over time. For the
latter case when time and the state of technologjrare 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 given 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.



4.1 The Method of Measurement of Efficiency of the Firms

The production function is defined as the relatiouship that

shows the maximum possible ocutput which can be produced {rom given quantities

Lin 2}

of inputs. Any rirm which produces below the maximum on the production

function is said to be technically ineificient.
If production tfunction of an output y is derinud as
(51) V= of(x)
where x = (X K. ,..0couien... ,xn) is the vector ar real inputs for the product -

ion of y, then the production of the j-th firm can be specified as

A

0

"
[}

( Y. . (x) + oy, , u.
(52) i i J

vhere uj is the difference between the output obrained by the j-th firm
using input x and the output on the frontier ot the production funcrioan
in Lquation (51). :
A rost technically efficient firm will adeopt the "best proactive
technigues” to maximize output for a given bundle of inputs. It will produce
on the production possibility rrontier and have u. = o It the 1tirm does not
3

use the best practice technique, it will be less erficient. The production

of the fim will be pelow the production possibility fronticerandu, will
: ' 3

[

be negative. In general, The magnitude of u in an industry will vary
across firms, depending on the level of technical etrficiency or the tirms.
1
Algner and Chu specify a homoyencous vobb -~Douglas production

=) J 2 ¥
frontier and show how the parameter u can be estimated using mithematical
progranmlig,, The problem is forumulated to minimize the sum o! absolute
differences (a linear programming problem) or the sum of squarcd Jdifterences

(a quadratic programming problem), under the constraint that ul) Jdiffercences d

are negative or zero. The estimated fronticer is supported by a set of sanpled

data and is therefore extremely sensitive to ocutliners.




Timmer%ollowsAignur and Chu's suggestion and solves the abovye
problem by discarding a few extrere observations The justification i3
that these observations lving above the frontier are duc ¢ random orrors.
However both of Aigner and Chu's and Timmer's estimated production fromtier have
no statistical properties because no assumptions are made about the distribution
of uj. Thus, the efficiency measurement of each firm from this method 1is the
efficiency level relative to the best practice frontier of the samples rather

than the population.

To amend Aigner and Chu's model to statistical analysis, scme

assumptions on wu, have to be made and the production frontier is
]
estimated by either the maximum likelihood method3 or the "corrected"
4,5 , . . .

ordinary least square method . The maximum likelihood estim-
ates of the parameters of tie trontier depend on the distribution ot u and
it ic difficult to provide a gocd prior arguments for 30V paviicdiar Jisty
bution. Richmond's corrected least square method ic simpler andg can
provide consistent estimates of the parameters, Fichmend assumes that the \\

production function is speciiied as

-
T

(53) log v, = jop A +Za log 5, - 2.
- S S
where Zj = -log u. and 7, has a ganmma distribution with parameler n. hus,
J J

Z iy in fact the efficiency parameter with mean n and variance o. v n<l

most firms are fairly efficient. 1f n = 1, all firms have a unilorn drstribut-
ion, If n> 1, most firms are relatively inefficient,

It is possible to transrorm Equation (3) into

n
4 lo = a+_a log o« Tt v,
(5 ) g yJ D_‘.‘ i ¥ \l_J VJ
i=1
where a = log A - n, v, = n=l,, bEtv ) = 0, Vur (v, ) = n, and blv v )
0 J ] J ] 1]
0,1 7 j.
in addition, if it is assumod that H(vv/xi,) — 0, Fonation (4
1 J
can be estimated by rhe ordinary least squares method where ol o= logA

O

)

RPRS L .
i) = a , and E(n) = 0; 1 = 1,0, —--u.
i i

-1,




The firm specific efficiency measurcment can then be

estimated

A
y./y. , and the average efficiency level of the industry is
J 7]

,)-ﬂ




4.2 Estimates of the Efficiency Levels of Manufacturing Firms

Following Richmond's approach for measuring efficiency at
)
the firm level, the production function of the j - th manufacturing firm

is defined as

{55) log Yj = log A +ulogMj + Rlog Lj +vlog Kj + Vj

where Mj, Lj and Kj are three inputs used in the production of Yj. The
inputs are intermediate inputs, labor input, and caplital 1nput respect-
ively.

The measurement of the efficiency levels of firms 1s done for
selected industries and years in 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 1479. The source of the data is the industrial
census conducted by the National Statistical Office of Thailand (NSOT).
The NSOT census is as mentioned earlier, a sample that 1s drawn from all
firms with ten or more workers, the response rate of the NSOT census
sample is on the average about 75 percent. The rate varies from year to
year and industry to indus*ry.

The data of output of each firm 1is the value of production.
Intermediate inputs include the values of raw materials, energy, and other

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

the aggregation of the gross pook values of three types of assets namely




building and structures, machinery and equipment, and vehiches. All
variable except the number of workers are in nominal terms without
deflation because the production 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 the hiases mav he 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 Section 2.3 . The method requires panal
data of firms which are unfortunately not available. Although there are
data of each industry by firms on a vearly basis, the firms are not

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

same firm in successive vears to obtain the panal data. Thus, the caplctal

inputs estimates may be susceptible to the most errors of measurement .,




4.2.1 Estimates or Average Frficiency of Selected Industries

The estimates of the average efficiency of selected industries in
Thailand for the years 1974, 1977 and 1979 are shown in Tables 4.1, 4,2and
4.3 respectively. In 1974 data are avajilablefor asmaller numberof indus-
tries compared to other years. The sample firms of each industry is also
fewer. Most industries in 1974 however, 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 B80-90 percent. The efficiency of rubber tires and tubes
: Qés about 89 percent. Pulp paper, arJd paperboard, and other 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-

in 1974 showed that efficiency was improved 1in 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 efficiency in 1977 but their levels
were still below 90 percent. The additional selected industcies 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 B0 percent were textile printing, and radio,

T.V., and communication equipment.

ed. Almost all industries with data available for comparison with those |




Table 4.1

34111

35510

35591

35599

38440

Source:
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ESTIMATES OF AVERAGE EFFICIENCY OF SELECTED

MANUFACTURING INDUSTRIES IN THAILAND, 1974

Industries
Cotton ginning
Builders' woodwork
Pulp, paper, and paperboard
Rubber tires and tubes
Rubber sheets and block rubber

Other rubber products

Motorcycles, tricycles and bicy

National Statistical Office of Thailand

rjigipfifirms7_~Efficienqy Levels
6 957
11 747
5 .807
16 885
9 .99¢6
10 . 806
cles 6 L9468
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Table %+ 2% ESTIMATES OF AVERAGE EFFICIENCY OF SELECTED

MANUFACTURING INDUSTRIES IN THAILAND, 1977

I1S1IC Industries No. of Fimms Efficiency level
32112 Cotton ginning g .563
32113 Biilders' woodwork 19 . 367
32117 Textile printing 9 .58
34111 Pulp paper, and paperboard 8 L3438
34120 Paper containers and paperboard S 703
34190 Paper and papcr products, nce. 8 L9153
35510 Rubber tires and tubes 14 .367
35591 Rubber sheets and block rubber 23 952
35599 Other rubber products 23 Lol
38320 Radio T.V. and Commumication equipment 7/ - 798
38431 Automobile assembly 7 914
38432 Motor vehicle bodies 12 945
38439 Other motor vehicles 7 - 357

Source: National Statistical Office of Thailand
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Table4.3: ESTIMATES OF AVERAGE EFFICIINCY OF SELECTED

MANUFACTURING INDUSTRIES IN THAILAND, 1979

151C Industries ,NQZEf,fEFmS Efficiepcy Levels
32112 Cotton ginning 19 L0940
32113 Builders' woodwork 10 .955
32117 Textile printing 18 Q!
34111 Pulp paper, and paperboard 7 . 801
34120 Paper containers and paperboard 12 L7440
35510 Rubber tires and tubes 23 .923
35591 Rubber sheets and block rubber 22 .883
35599 Other rubber products 20 .595
38320 Radio,T.V.and Communication equipment S . 582
38431 Automobile acsembly 1] 165
38432 Motor vehicle bodies 14 863
38439 Other motor vehicles 03 815
38440 Motorcycles, tricycles and bicycles 11 028

Source: National Statistical Office of Thailand




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' woodwork, 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
were 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 Levels of Individual Firms

The estimates of the firm specific efficiency levels of the
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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4.2.2.1 Textile and Textile Product Firms

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. Fimms in this industry had low capital-
labor ratio and were mostly of medium size in terms of employment. They
employed less than 100 workers. 1In 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 mostly 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.

Firwms in the builders' woodwork industry were on the average
larger than the ones in the cotton ginnings industry. A large 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 mid-1970s. The more effi-
clent 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 allsmall, employing
than 60 workers. 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 number of firms
had efficiency below 70 percent. In 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.

less




Table 4,4:

32117:

Textile printing

ESTIMATES OF EFFICIENCY LEVELS OF MANUFACTURING FIRMS IN THAILAND,

X974, 1977 and 1979

32112: Cotton ginning 32113: Builder' woodwork
1974 1977 1979 1974 1977 1979
80.9 90.2 -71.6 100.¢ 81.5 64.7
9C.3 78.2 80.7 63.1 €8.6 93.4
100.¢ 82.4 82.6 57.5 73.5 100.0
95.8 100.0 92.8 43.3 100.0 84.0
99.7 92.7 68.7 €0.4 89.4 8¢.8
76.6 86.2 81.2 63.6 59.9 82.7

72.7 59.3 63.7 78.3

82.7 51.5 43.5 89.9

8¢.0 66.8 77.6 92.6

69.4 44.2 66.8 91.3

0.0 68.7 79.5

89.7 83.4

70.7 73.4

82.7 63.€

?7.5 62,6

€68.¢ 0.5

6&.6 70.3

56.0 66.6

75.4 5§9.2

1977

83.5

71.3

10C€.0

64.7

70.0

41.6

76.06

47.2

1979
72.7
72.8
59.1
29.9
€65.3
59.2
43.6
100.0
51.1
96.2
48.9
31.5
70.6
50.5
50.3
59.9
S€.9

66.9

34111

Pulp paper and paper board

1974

100,0

58.8

B84.7

53.7

89.3

1977

55.2

64.1

74.8

10C.0

1979

90.0

100.0

19 -
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14.

15.

16,

18,

13,

Table 4.4 (continued)

34120: Paper containers and paperboard

34190:

Paper and Paper products,nec,

1877 1979
15.2 73.7
i9.0 52.6
10.7 100.0
100.0 59.0
16.4 €7.5
54.9
72.8
53.4
59.7
52.9
54.6
42.0

1977

64.0

85.3

92.9

54.0

92.5

97.0

100.0

90.8

35510:

Rubber tires and tubes

1974

€65.6

95.9

71.8

100.0

51.2

1977

75.3

100.0

40.7

58.13

65.3

65.6

99.7

80.9

74,1

95.5

83.8

92.3

56.4

85.3

1979

73.1

97.0

64.8

49.2

70.3

64.7

€9.6

75.4

56.0

73.7

79.7

96.4

75.2

83.6

52.3

84.8

100.0

82.3

9.1
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Tapble 4.4 {continued)
35531: Rubber sheets and block rubber 35599: Other rubber products 38320; Radio, TV. and communication
Firm 1974 1977 1879 1574 1977 1979 1977 1979
1. 96.8 81.5 Bo.0 63.6 62.0 58.4 58.6 82.1
2. 36.2 87.3 50.4 56.2 50.4 58.3 74.6 91.2
3. 96.7 8l.2 60.1 100.0 73.8 100.0 9l.8 8l.0
4. 100.0 78.4 67.1 85.8 67.3 35.5 80.4 74.6
S. $94.3 59.4 77.4 ©4.5 76.2 67.9 59.4 100.0
6 92.4 78.2 $%.9 ©0.3 65.6 55.8 10C.0 71.4
7 93.0 54.0 62.1 78.1 62.6 je.l sg.8 66.5
8 92.8 81.4 79.7 61.3 56.3 73.1 61.2
el 92.1 82.7 62.5 55.¢ 68.5 40.9 74.8 I
a8
0. 54.2 79.8 85.9 52.2 57.3 hat
11, 86.1 57.9 56.1 52.9 l
1o 73.1 100.0 55.0 53.6
13 74.8 67.1 37.1 47.1
14. 32.9 81.9 70.3 11.7
15. 85.1 €1.9 br.2 84.1
lc. 7¢.4d go. 4 5G.8 40.7
1 76.0 78.2 54.1 55.1
le. 68.5 77.6 10C.0C €45.3
i3, 81.7 75.3 76.8 77.0
RIS 75.3 c8.8 71.7 64.0
<1 82.9 22.8 65.4
22 100.0 73.9 57.0
N .t 54.6




arle {continued)

38431: Automobile assembly

Firm 1974 1977

1. ga.c €§9.0

()
o)
w
o)
e}
on
v

=)

1979
23.0
1.5

24,8

Resource: National Statistical

38432: Moter vehicle bodies

1877

£2.3

Office of Thailand

82.9
46,4
58.4
74.7
€1.8
62.7
61.1

€8.3

38439: Other motor vehicles 38440: Motor cycles, tyicycles
and bicycles
1977 1979 1974 1977 1979
76.1 45.6 100.0 100.0
74.7 37.3 82.9 7;.7
°92.0 36.2 98.9 72.0
100.0 39.9 78.7 B82.1
89.8 33.4 79.6 74.4
B89.0 18,1 87.5 64.7
09,1 40.9 B6.5
€1.1 82,6 |
39.3 77.7 ?_:
45.6 73.8 !
49.6 78.0
50.6
36.6
31.3
39.6
100.0
50.3
£3.6
41.1
42.5
27.5
2€.9
34.5
.. .
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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 vears. Firms in the pulp paper, and paper-
board industry were large. The employment oI an average-sized firm was
300-500 workers. The capital-labor ratios of most [irms were among the
highest. However, the efficiency levels were below the average of all
industries in all years. They were in the range of 30-85 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 med ium
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 paper 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 industries. The data which are available only
for 1977 showed that the e.liciency levels of most firms were quite

high. The most efficient tirm had the average size and capital

intensity.
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4.2.2.3 ~Rubber and Rubber Product Firms ’
Industries in the group of rubber and rubber products had the
largest 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 high in the rubber tires and
tube industry, but they were very low in the rukber 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
s efficiency followed by those in rubber tires and tubes, and other rubber
products industries. The most efficient firms in each industry had
medium size and average capital intensity. About 40 percent of firms in
rubber tires and tubes 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 1in
other rubber product industry showed the largest decline in efficiency in the

late 1970s. In 1979 there were over 80 percent of firms operating less

than the 70 percent efficiency level.

4,2,2.4 Radio, T.V. and Communicatior Equipment Firms

An average firm in the radio, T.V., and communication equipment

employed 100 - 120 workers, and the capital-labor ratio was below the

average of firms in the selected industries. The available data in 1977 .




- 67 -

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
more efficient firms had the size slightly larger than medium, employing

over 100 workers.

4,2.2,5 Transport Equipment Firms

There are four industries producing transport equipment namely
automobile assembly, motor vehicle bodies, 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. Firms in the automobile industry are of the largest size. An
averaged firm employed 400 -~ 500 workers and had the capital - labor
ratio following those of the pulp paper and paperboard, and the rubber
tires and tube industries. 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 the smallest size in the group. They
employed less than 100 workers and had the lowest capital intensity.

The average efficiency levels of all transport equipment indus-
tries were quite high in 1974 and 1977. However, in 1679 the levels

dropped significantly and over 60 percent of fims 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 the 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 with 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. However, in 1979 the
efficiency of most industries and firms dropped significantly. The
industry with majority of firms having high levelis of efficiency for all
years were cotton spinning, rubber sheet and block rubber, and motor-
cycies and bicycles. The ones with the most deterioration in efficiency
in 1979 were the paper and paper product and scme 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 industries. In the more capital intensive pulp paper ana
paper product, and the automobile assemble industries however,the more
efficient firms had a larger size than the average. The gain in the
efficiency may be from the economies of scale of production of these
capital intensive industries. The inefficient firms in each industry

might have employed nonoptimal capital-labor ratios, or operated by

inputs of lower quality and incompetent managerial ability.




- 69 -

4.3 Changes in Efficiency and Productivity of Selected Industries

As discussed earlier in Sections 1 to 3. 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 selected
industries shown in Table 4.5.

According to the table, in the textile and textile prodixct
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 48§ percent of the TFPG, to be from the
residuals or the technological change. The decomposition of the TFPG
rates did show that the improvement 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




- 70 -

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
Paper 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 -3.7 -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 8.82
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.vV., radio, and communication equipment -1.40 ~15.22 13.82 .
Transport equipment -6.43 -9.99 3.56 )

Source: National Statistical Jffice of Thailand, Report of Tndustrial

Census: Whole Kingdom, 1974, 1977, and 1979.
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change was 5.73 percent in the first subperiod and 1.35 percent in the
second . It again dowed that the high TFPG in the first subperiod was cbout 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 product industry, during 1974-79 the TFPG
was at a high of B8.92 percent a year or about 25 percent of real output
growth. Table 4.5 shows that the TFPG was high despite the decline in
technical efficiency at 0.45 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 10,19
percent was the technical change. 1In the second subperiod, the TFPG rate
declined to 3.49 percent because of the decline in efficiency at 3.84
percent a year. In fact, 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. 1In 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 §.82 percent a year.
In the second subperiod there was a further decline in the efficiency
measure and a slowdown in technical change to 3.71 percent a year. When
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 industry where the  technological advancement failed to
offset the deterioration of efficiency to gain position 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. 1In the
first subperiod 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,




Oof all the selected industries except for the paper and paper
producgsand the rubber and rubber products industries, changes in effi-
ciency dominated technical change as a 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 exporting 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 1ndustries were under high protection for the import substitution
purpose.

In both the paper and paper product and the rubber and rubber
product industries the technical progress Jdominated 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. Wwhile 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 industries there were both the deterioration of effi-
ciency and the smaller measurement of the residual term which led to the
decline in the TFPG rate in the late 1970s. 1In fact, the year 1979 was
noted for another high increase in energy prices, some lincreases in

tariff rates, the decline in capacity utilizatlon and also the slowdown

in the technical improvement,
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Footnotes to Section 4:

1 See D.J. Aigner and S.F. Chu, "On Estimating the Industry Production
Function,” 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 Ppolitical Economy,
Vol. 79, No.4, pp. 776-794.

3 See S.N. Afriat, "Efficiency Estimation of Production Function,"
International Economic Review, Vol. 13, No.3, Pp. 568-598.

4 See J. Richmond, "Estimating the Efficiency of Production.*
International Economic Review, Vol. 15, No.2, PP. 515-521.

5 Although the level of technical efficiency of an industry can also
be estimated by specifying a stochastic production function, cost ,
or profit frontiers, these methods cannot be used to measure effi-
ciency at the firm level.

6 See J. Richmond, "Estimating the Efficiency of Production."
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5. 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 censu~s data. The sources were categorized to be from the
accumulation of real inputs and the 1increase 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 1levels and the

changes in other factors such as technological changes. The findings of

the fifst part can be summarized as follows:

1. Among all sources of growth of real ocutput 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 the
first subperiod of 1960-1970 to 1.76 percent or accounted for 15.33

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 there were high increases in energy and raw material
prices. However, after some periods for inputs and output to adjust, the

TFPG rose again in the midst of the high prices.

3. Evidence does not support that TFPG of protected import-
substituting industries increased over time. 1In fact, TFPG of import

-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 with
export growth.

5. Evidence does 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 high
during 1974 ~ 79. It seems to satisfy the competitive conditions which
would drive the inefficient firms out of the industry.

2. In 1979, the year of another steep increase in energy prices,
there was a decline in average efficiency levels of most industries and
firms. Firms.in .the paper -and -paper -product -and the transport .equipment

industries, 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 1industry 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-
port equipment industries, the more efficient firms had much larger size
and higher capital-labor ratios. This suggests that in industries 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 that 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 the levei
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 1974 - 79 They were the
Cases where the high TFPG did not necessarily imply a rapid improvement

in technical efficiency.

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 substitution 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 1in
the world marketS can enhance the TFPG and then enables the exporting industries
to grow faster. Meanwhile, . TFPG also helps the industries to be more ) ‘
competitive in the world markets and increases the exports even further. Thus,
any industrialization or trade policies 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 firm level, firms shouid both improve
the efficiency level and adopt new technological knowledge. In other words,
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 1in response to changes in output prices in order to increase
1 .

-t r i

efficiency and competitiveness. 1In addition, firms snculd adopt a program
including training to upgrade skills of workers and the managerial ability

of manager, improving knowledge on resource-saving at the plant level, and

increasina investments to adapt or adopt new technologies,
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In order to obtair high TFPG both at the industry and the firm levels
stated above, both 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:

7. The government should be aware of the importance of TFPG on 1industrial
growth and have a 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
policiles on the annual changes in productivity. To obtain such knowledge
there must be a government agency to measure and analyse TFPG. The agency
can be a division of any government offices such as National Economic and
Social Development Board (NESDB), National Statistical Office (NSQ), Thailand
-Management Development and Productivity Center (TMDPC),or any other research
institutions. Presently NSO has conducted an annual industrialAcensus which
provides minimal data for the measurement of TFPG. NSO can revise and extend
the questionnaires for a better measurement of TFPG and do the measurement
itself. Alternatively, NESDB, TMDPC, or other research institutions can co-
operate with NSO in designing the questionnaires to cobtain the data base
appropriate for the best TFPG measurement and analysis. To obtain the most
accurate and reliable measurement of TFPG, the government agency should include
personnel competent with technical capability. For example, it should corsist of
policy makers, representitives of NE3DB, NSO, TMDPC, BCI, IFCT, other main
users from the private sector, .and some independent technical experts.

2. Policy makers should cconsider the impact of various policies for
industrialization on TFPG. Any pelicy whcih hinders TFPG will not be likely
to promote a rapid industrial growth in -the long run. Besides, the government
should cultivate widespread awareness of the importance and ways and means of

nroc Tty umprovement.,
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3. The government 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 research 1in the
private firms.

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 recommend the financial institutions to evaluate
new lnvestment proiects based on potential productivity performance, in
addition to the existing criteria such as profitability and financial stability.
The institutions should mobilize funds to firms and industries with additional
votential 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 in the study.

e
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