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ABSTRACT 

The paper estimates and analyzes the total factor 

productivity growth of the manufacturing industries in 
one is on theThailand. It consists of two parts: 


three-digit-ISICmanufacturing industries using aggre

gative data, and the other is on the farm machinery
 

industry using data at the firm level collected from 

our own surveys and interviews. The results show that 

though the rates of total factor productivityeven 
growth of most industries are small compared to deve

loped countries, they are increasing and moreover, 

the role of total factor productivity as a source of 

growth of real output becomes greater in significance 

over time.
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INTRODUCTION
 

The growth of real output can be categorized to be from two
 
main sources, the accumulation of resources and the increase in
 
their productivity. 
In order to promote the growth of the industrial
 
sector for economic development, it is necessary that more resources
 
are allocated to the sector or the productivity of these resources
 
is increased faster. 
Our study focuses on the growth of productivity
 
of all factors or resources used for production in the manufacturing
 
industrial sector with a special detail study on the farm machinery
 
industry in Thailand.
 

The rate of total factor productivity growth, hereby called TFPG,
 
is hard to define, measure and explicitly quantify its sources.
 
Nonetheless, studies for many developed countries, led by Solow's
 
seminal article for the U.S. nonfarm sector, show that it is a very

important source of real output growth, by defining it 
to be the resi
dual element in the production function.1 As for developing countries,
 
due partly to data limitations, there have been so few studies on the
 
subject that not much is known. This research provides the first
 
attempt to measure and analyze the TFPG of manufacturing industries of
 
a developing country, Thailand.
 

The study is divided into two major inter-related parts: one is
 
the measurement and the analysis of the TFPG of all manufacturing
 
industries in Thailand using aggregative data, and the other is the
 
study of the tractor industry using data of the firms. For the first
 
part the study requires data such as input and output by industry.
 
In Thailand, the annual industrial census which provide such data,
 
categorize industries by a system called International Standard Indus
trial Classification (ISIC). An ISIC industrial code with more digits
 
represents an industry which consists of firms which produce narrower
 
ranges of products; the one with less digits can aggregate more firms
 
into the group because it includes more varieties of products. Our
 
purpose is to study the TFPG of manufacturing industries with ISIC
 
codes aggregated at the three-digit level. The period under study
 
is from 1963 to 1976, which are the years in which data are available.
 
For the study on the 
tractor industry part, we use data collected from
 
our own surveys and interviews with firms having ten or more workers.
 
The period in the study which varies with firms, covers from the initial
 
year of each firm to 1979.
 

In this paper, the following section discusses the methods of
 
measuring TFPG and other real variables of all three-digit manufacturers
 
including the farm machinery industry and the source of data used for
 
their estimations. Section II provices a summary of the estimated
 
TFPG and other real variables. The last section which is forthcoming
 
is the discussion on the TFPG of tractor firms in detail.
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Total Factor Productivity Growth and other real variables.
 

The measurement of TFPG is based on the unrestricted linear
 
homogeneous smooth aggregate production function which allows the
 
substitution possibilities of all inputs categorized to be labor,
 
capital and raw material factors. Firstly we describe the i-th
 
industry's production at time t by the following functional form:
 

Q, (t) = f4[Li (L) K, (t), (t), t] 

where 	 Q1 (t) = real outpLct of the i-th industry at .. ma t 

Li (t) = labor employed1 I.,y the i-th industry at time t 

R1 (t) = physica] capital used by the i-th industry 
at time t 

i1 (t) = real raw materials used by the i-th industr 
at time t: 

and t - a "shift" variable subject to time. 

Then we totally dif urnt iat ' it with respect. to time to onltaln 

02) 	 Qj rt1 f L i (t) ].(L) , LI .I fI)f I (t ),Y ])T K,0: 

--	 Q kNJ (2) 
(t) 	 , , + (t)Q, Qt () 	 , Q, ( 

Q, (L) 1-1 (t) Qj (L) 

where the 	hats denote the rate of change of the variables over time.
 

Equation (2) shows that the rate of growth of real output can be
 
decomposed into the rate of growth of the weighted average of the rates
 
of growth 3f labor input, physical capital and raw materials where the
 
weights are the output elasticities of corresponding factors of production
 
and the rate of growth of the shift variable.
 

Under a competitive equilibrium where each input gets paid according
 
to its value of marginal product, Equation (2) can be rewritten as
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Qt(t w (0:) 1.,(0 L, t) + r1 (t)k (t) K.1 (t) + 

Qi (.t) Pt (tQl (c) L1 () p1 (:)Q1 Ct) K (.t) 	 (3) 

+ P: (ON 1 	 (t) M, (t) ,
P1 (t)Q (t) .1 t) Q1 (t) 

where w1 (t) = 	 nominal wage rate of the i-th industry
 

at timut. t
 

r,(t) = nominal rental rate of capital of the i-th 

industry 	at cime t
 

Pi(t) = 	 prices of raw materials of the i-th industry 

at t.me t 

and P1 (t) = 	 prices of products of th i-th industry at
 

time L
 

By letting (xand 8 represent labor and raw material shares of the value
 

6f the i-th industry's total production respectively, Euler's theorem
 

which makes use of the assumption of linear homogeneity of.the production
 

function implies that the capital share is equal to (1-a-B). Now we can
 

write Equation (3) in the following form:
 

AA
Q, (t) _ a(t)L1 (t) {..a()-iJ(t) I K(I:) + 00) Mit 

(t)+ 

Q,(L) 
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Notiae that without estimating the production function or the
 

output elasticities directly, we can measure the TFPG of the i-th
 

industry from the following differential equation as if it is an
 
"accounting identity:
 

ft (t) Q (t) ( t)} k (t) (5) 
Qt) =Q("- (t)  L + K, (t)

Ftl(t)L, 

L(t)j
-

+ P (L) M t 

we first need to measure
In estimating the TFPG from Equation (5) 


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

successive years. The measurement can be done primarily with the
 

availability of data of variables including values of production, values
 

of intermediate inputs, number of workers, the stock of fixed assets
 

and input shares of total production. The data are obtained from two
 

groups of sources, namely, annual industrial census conducted by the
 

National Statistical Office of Thailand (NSO), and reports and pub

lications from the Ministry of Industry (MI), the Ministry of Commerce
 

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

Development Bure-au (NESDB).
 

The data available in the NSO's industrial census include most
 
The census was started
variables necessary for computing the TFPG. 


The data
in 1964 and it has been continued almost yearly since 1969. 


for the years 1963, 1968 and 1970 from the census of the years 1964,
 

1969 and 1971 respectively have been published, but those for the
 

years 1972, 1975 and 1976 are available in the form of raw firm data.
 

In the latter case we have to compute the industry aggregates from the
 

All of the data except fixed assets and depreciationq from
firm data. 

the published census are for ISIC industries aggregated up to five-digit
 

The data of fixed assets and depreciations are for only induslevel. 

tries with three-digit level of aggregation. The census cover firms
 

with ten or more workers. All totals in the census are from firms
 

which responded to the questionnaires and the response rate is about
 

In order to find the totals for all firms,
75 percent for all years. 

we need to revise the data of the census by using the industrial 

stat

istics from other sources.
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From 6ther reports and publications,2 the MI provides data on
 
quantities of physical output produced by all firms for several
 
commodities from the years 1968 to 1976. The MC, the BOT and the
 
NESDB provide the same type of data for other commodities or other
 
years. We will discuss below how we combine the information from
 
all sources to obtain the data for all firms to compute real output
 
including all other real variables, input shares and the TFPG.
 

Real Output
 

For the initial year 1963, real output of the i-th industry is
 
measured by the industry's value of production evaluated at the 1968
 
constant prices. It is obtained by multiplying the value of production
 
at current prices by the inverse of the implicit price deflator. The
 
source of data of values of production is the NSO's industrial census
 
whereas the source of price deflators is the Ministry of Commerce's
 
wholesale price index of industries.
 

Since real output in 1963 is measured from the NSO's census data,
 
the values do not represent the production of all firms. In order to
 
obtain the real output for the years 1964 to 1976 for all firms, we
 
multiply the 1963 real output by the corresponding year's growth rates
 
of physical output calculated from the data of other sources which re
present all firms. The methods of calculation and the sources of the
 
data are described below.
 

The computation of growth rates of physical output of three
digit ISIC industries is based on production data from two sources.
 
The first is the Ministry of Industry, the Ministry of Commerce,
 
the Bank of Thailand, and the NESDB, and the second is the NSO's
 
ceuLsus. The first source provides data on yearly production of
 
all firms by commodity; the second provides the data by five-digit
 
ISIC industry. The method of computation is done as follows.
 
First, we calculate the output of five-digit ISIC industry by
 
using the data from the first source. Second, we calculate each
 
industry's growth rate. Finally, we compute the continuous growth
 
rates of output of each three-digit ISIC industry by summing the
 
growth rates of output of corresponding five-digit !SIC industry
 
by summing the growth rates of output of corresponding five-digit
 
ISIC industries using their value shares obtained from the second
 
source as weights.
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Explicitly, let:
 

• t be the NSO's value of production of the i-th three-digitI
 

ISIC industry at time t 

of production of the j-th five-digit in the 
ii, tbe the NSO's value 

i-th three-digit ISIC industry at time t, 

the j-th five-digit in the i-thoutput ofbe the all-firm physical 


time t,
three-digit ISIC industry at 


of the k-th commodity categorized
al.-firn physical outputbe the 

which belongs to the i-th three-digit ISIC
in the j--th five-digit 

industry at time t, 

Pijk, t be the relative price of 0 ijk, t 

q jj t be the continous growth rates of Qij,t' 

and qi be the continuous growth rate of output of the i--th three

digit ISIC industry at time t, 

where 1 1, 2, ... , n 

j = 1, 2, ... , m 

k = 1, 2., ... ,
 

t 1 .. we qan obtain the following.
and 1, 2, T 

of production of three-digit ISIC
First, we obtain tihe NSO's value 

Each industry's production value at any-peridd is found 
by


industries. 


values of all five-diglt !SIC industries
aggregating the period's production 

whose industrial codes share the same C6rresponding first 
three digits, i.e.,
 

m
 

Yi, t Z=l Yij, (6)
 

the all-firm physical ourput of five-digit ISICSecond, we obtain 

ony period is found byindustries. Each Industry's physical output at 


the quantities of commoditles which are grouped under the.
aggregating 


tive-digit ISIC industrial code by using thpir relative prices as
 
same 
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3 
i.e.,weights, 


SE'lPijk, t. Qijk, t (7) 

of output of five-
Third, we obtaincd the continuous growth rates 

Each indusry's annual growth rate is the difference digit ISIC industries. 

output between two successive periods,
between the natural logarithm of 

i.e., 

= q j t In Qij, t - in Qij, t- (8) 

growth rates of output of three-dirA-
Finally, we obtain the 

ISIC 

is found by weighted-
Each industry's annual. growth rate

industries. 


all the five-digit ISIC industries' output continuous growth

averaging 


which belong to the saiir- corresponding three-digit category by
 
rates 

using their value shares as weights, i.e.,
 

9
 
m Yij t 


qiqt= E 

i,t J-±l t 

In fact, ci~9 tis the discrete approximation of the continuous 
Divisia 

And we use these q., t's for computing the real output of all 
firms 

index. 


from 1964-1976.
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Real Intermediate Inputs
 

Real intermediate inputs can be obtained by aggregating all
 

purchased inputs which are measured in real terms. If we had avail
able the values of different types of purchases inputs used in indus

tries, we would deflate each by its own price deflator and aggregate
 

with proper weights to obtain the real intermediate inputs.
 
Unfortunately, the values of purchased inputs reported in the NSO's
 

industrial census are in an aggregated form. Our alternative is to
 

deflate these aggregated figures by appropriate deflators. Each
 

deflator of each industry is found by weighted-averaging the deflators
 

of "major" purchased inputs used in the industry where weights are their
 

corresponding value shares. 4 These value shares are computed from the
 

input-output table for 19755 which is presently the only one available.
 

Should there be no major change in purchased input coefficients or the
 

structure within each three-digit ISIC industry during the period
 

studied, these value shares would be able to be applied also to all other
 
years.
 

The values of intermediate inputs from the NSO census are adjusted
 

to the total value for sdl firms by multiplying each year's purchased

input/output coefficient by the reestimated total values of production
 

of all firms.
 

Real Capitai stock
 

Capital stock is classified into two types: buildings and struc

tures; and machinery, equipment and vehicles. For each type at any
 

period, real capital stock is obtained by adding current investment at
 

constant prices to the real capital stock of previous period excluding
 

real depreciations accumulated up to that period.
 

That is, if we let 

K tbe the real capital. stock of the j-th tylpe of the i-th industry
Kij, t 

at time t
 

be the investment flow on the j-th type of capital. of the i-th
 

industry at time t, evaluated at constant prices, 
rate of 

ani j be the/replacement of thb j-th type of capital stock of the i-th 

industry,
 

t r- 0, 1, 2, ... , T, then we obtainwhere = L. 2, ... , n, j , ind 
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"ij , t = ]j, + (1-6 ij) Ki l, t-] (10) 

By a process ot it eriltiVe subSt: L1tn i o f t - 'e can wrI te 

t
 
Kij (1-6)t KiL -I Y. (1-15. .)j I- tii
 

, 0 S= 1 

the j- (h type (A. the i-thwhere K 1 1 0 is the :nftial.. capital stol,'. of 

industry.
 

In our estimation of real capital stock, we define the rates of replace
ment to be the reciprocal of the economic life of different types of capital.
 
The estimation therefore needs a yearly measurement of four kinds of vari
ables, namely, investment flows, investment deflators, initial real capital
 
stock and economic life of all assets. The measurement methods and data
 
sources are described below.
 

Investment data
 

The time series of investment data are not available. We estimate them
 
by making use of the NSO's revised industrial census data, to represent all
 
firms, of net book values of fixed assets and depreciations during the year.
 
The nominal investment at a period is defined to be the change in net book
 
values from previous period plus the depreciations accumulated up to that
 
period. That is, by letting
 

NBV be the net book value of the j-th type of capital of the i-th

ii, t 

three-digit ISIC iudustry at time t., 

Dii, t be the depreciation of the j-th type of capital of the i-th 

three-digit ISIC industry during the period t 

m. be the life of the j-th type of capital that firms use for estimating 

6
 
depreciations
 

and Nr.. be the riot: n,,minal investment: on the j-th type of capital ofJi.", t 

the i-th :industry ,it period t:, 
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we can write
 

Nli.., t NB i , t - NBUV..,3 t - . (ij tV D.ij, (12)' 


., n , j - , 2, I=l, 2, .. , 
, 2 , ..wheLre 


The net book values of fixed assets and depreciations are not available
 

for all years. Those of the missing years which includes 1964-1967, 1969,
 

1971, 1973-74, are interpolated by using the annual continuous growth rates
 

of the known observations between two end-periods. In other words for
 

any gap of periods, we estimate the missing observations to be on the
 

logarithmic time trend of that gap. These estimates are best when the pattern
 

of "true" observations fits this kind of nonlinear time trend.
 

Investment deflators
 

Investment deflators are obtained from the Ministry of Commerce and
 

the base year is 1968. Those for buildings and structures are from the whole

sale price indexes of construction materials; those for machinery, equipment
 

and vehicles are from the weighted average of the indexes of machinery and
 

equipments and transportation equipments and where the weights are their
 

yalue shares of the total. 7
 

Initial capital stock
 

According to our method of estimating real capital stock with investment
 

data following an upward trend, it is noticeable from Equation (11) that the
 

further back the initial year of capital stock we can have, the better estimates
 

of the present capital stock we can obtain. This is because with the passage
 

of time the investment of previous periods constitutes a smaller and smaller
 

portion of the current capital stock. Should there be any errors on the
 

investment data of initial years, they will affect our estimates of the current
 

stock minorly.
 

For Thailand, the earliest year the relevant data are available for
 

estimating the initial capital stock by industry is 1949. We estimate it
 

by firstly multiplying the industry's value-added per employee by its number
 
And then, by using the proportion of
of workers to obtain the value added. 


each industry's value-added to the total value-added of all industries as an
 

approximation of the proportion of the industry's capital to the 
total stock.8
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we multiply the proportion of the obtained value-added to 
the total value

added by the year's total fixed capital formation to find 
the industry's
 

For the data source the number of workers classified by
capital stock. 

industrial commodity is obtained from the Central Statistical 

Office's
 

1949 census. 9 The estimates of value-added per employee are from the
 
and the total fixed
 United Nations Industrial Development Office (1963), 


capital formation by industry is estimated from the National 
Economic
 

and Social Development Board (1952).
10
 

After obtaining the total initial capital stock of all 
types for each
 

industry, we separate it intc components of buildings 
and structures; and
 

The proportion of each component is
 machinery, equipment and vehicles. 


the average of the proportions across years in which 
the census data for
 

fixed assets are available.
 

Economic lives of assets.
 

Buildings and structures are much more durable than machinery 
and
 

On the other
 
equipment. The average life of structure is about 33 years. 11
 

hand, machinery and equipment have an average life of 
about 15 years.
 
industries compared


Since the life of structures does not vary much across 


to machinery and equipment, we let all industries 
have the same life of
 

33 years for structures but the life of machinery 
and equipment varies
 

The life for each industry is estimated from Park's
 with industries. 

With the fact that the average life
 estimates for the U.S. industries.

12 


of the U. S. machinery and equipment is longer than Thailand, we scale
 

down Park's estimates so that the weighted average for 
the whole manufac

turing sector is 15 years.
 

Labor Input
 

The labor input of an industry is the number of workers 
employed in
 

The figures recorded from firms which resthe industry during a year. 


ponded are reestimated to represent all firms by keeping 
labor share and
 

wages of the same year, before and after the adjustment 
of total produc-


The data source is the NSO's
 tion to represent all firms, intact. 


industrial census.
 

Factor shares
 

The share of each factor of production of each industry 
is the
 

weighted average of each yearls share where weights 
are proportions of
 

The data for all input shares across
 values of production in each year. 


years are from the NSO's industrial census.
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Estimated Total Factor Productivity Growth
 

of Manufacturing Industries
 

Table 1 shows the characteristics of all three-digit ISIC manufac
turing industries in Thailand. All industries except beverages, tobacco
 
and glass and glass products have the shares of intermediate inputs
 
exceeding 50 percent of total output. Among the highest are ferrous
 
metal and transport equipment industries which have the shares greater
 
than 80 percent. The lowest is the beverage industry whose share is
 
about 33 percent. Of all industries the average share is about 64
 
percent. For labor share, the value ranges from as low as four percent
 
for the nonferrous metal industry to as high as 27 percent for the non
metallic mineral industry. The average, though, is abcut ten percent.
 
Over time the shares of labor of most industries seem to be quite staole.
 
For the growth rates of real output, labor and capital during the period
 
1963-1976, the average of all industries the annual continuous growth
 
rates are about 18, 13 and 16 percent respectively. It should be noted
 
that our estimates of the growth rate of real output is close to the
 
National Economic and Social Development Board's estimate of 17 percent
 
for the whole sector.
 

The TFPG of all industries are shown in Table 2. The table shows
 
the TFPG of two separated subperiods: 1963-1970 and 1970-1976, and the
 
TFPG pf the entire period 1970-76. For the entire period, the TFPG ranges
 
from a maximum of two-three percent for electrical machinery, nonferrous
 
metal, and paper and paper product industries to a miaimum of ebout minus
 
two-three percent for glass and glass products and transport equipment
 
industries. Of all industries the average of TFPG is about .38 percent
 
which is quite low compared to developed countries. However, more than
 
half of the industries have positive TFPG and the values range from one
 
to three percent. Besides when we consider the two subperiods, it is
 
found that the average TFPG has been increased from about .30 percent
 
in the first subperiod to about .48 percent in the second subperiod.
 
In fact about 40 percent of the industries have an increase in TFPG in
 
the second subperiod.
 

As for the source of real output growth which can be decomposed
 
into the growth of intermediate inputs, labor input, capital input and
 
TFPG, our estimates show that during the first subperiod, the source of
 
most industries' output growth is the accumulation of intermediate inputs.
 
On the other hand, in the second subperiod increasing number of industries
 
has the source shifted to TFPG. Therefore, even though the TFPG are quite
 
small in the majority of industries, they are increasing over time and
 
moreover their role as a source of growth of real output becomes greater
 
in importance.
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The estimates of Total Factor Productivity Growth of the Farm
 
Machinery Industry.
 

There are about 100 firms producing farm machinery and equipment
 
in Thailand. Most of them grew from small machine shops producing
 
or repairing machine tools. More than half employ less than 20 workers.
 
These small firms are not included in our survey due to the difficulties
 
of obtaining data. Moreover their share of production is normally
 
less than 15 percent of the total of all firms. Our survey includes
 
firms with 20 or more workers lecated in the Central region of Thailand.
 
Production by these firms with 20 to 50 workers are classified as
 
"medium"; and those which employ between 50 to the maximum of 200
 
workers are labeled "large". There are eight medium firms and six
 
large firms in the survey.
 

Table 3 shows the growth rates of output, input and total factor
 
productivity of all surveyed firms from the initial year to 1979
 
including three subperiods. Most firms of medium size initiated pro
duction of farm machinery and equipment in the middle and late 1960s
 

whereas half of the large firms initiated production in the early 1970s.
 
Our estimates show that, for the average of all firms and all periods,
 
about 5 percentage points of the growth rate of production of 28 percent
 
is from the growth of total factor productivity. In other words, the
 
total factor productivity growth accounted for about 19 percent of the
 
growth rate of real output which is quite low compared to other developed
 
countries. Among the three subperiods, output and TFPG grew faster be
tween 1970 to 1976 and slower after 1976. Regarding the difference of
 
TFPG between large and medium firms, Table 4 suggests no evidence that
 
TFPG of large firms is greater for medium ones.
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Footnotes
 

1 For the case of the U.S., see Solow (1957); Christensen and
 

Jorgenson (1970); and others who indicate that TFPG has a high per

centage share of the real output growth during the postwar periods:
 

Kendrick (1973) and Denison (1974). Parallel work in the case or
 

Japan can be seen from Jorgenson and Ezaki (1973) and Nishimizu and
 

Hulton (1978).
 

2 See the Ministry of Industry, Industrial Economics and Planning
 

Division (1979), Bank of Thailand (various years), Ministry of Commerce,
 

Economic Research Division (various years), and National Economic and
 

Social Development Board (various years).
 

3 When the commodities' production values are available, the
 

prices are found by dividing the values by the production quantities.
 

But when the values are not available, the prices are substituted by
 

eith:-r import or export prices, whichever found. For sources of these
 

data, ibid.
 

4. The "major" purchased inputs include all inputs whose shares
 

of 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 little as
 

90 percent. For detailed description of the rule for locating "major"
 
The rule can be shown to provide
purchased inputs, see Appendix 1. 


us the estimates of real intermddiate inputs which are very close to
 

the ones using the deflators of "all" purchased inputs. See the proof
 

in Appendix 2.
 

5 National Economic and Social Development Board (1980).
 

6 t is assumed that, for their bookkeeping, firms estimate the
 

life of buildings and structures to be 20 years, and all machinery,
 
These
equipment, and vehicles to be at the average of five years. 


figures are the legal maximum in Thailand.
 

7 The weights are about two-thirds and one-third, respectively,
 

on the average.
 

8 It should be noted that the closer is the industry's capital

labor ratio to the capital-labor ratio of all industries, the better
 

estimate is the approximation used above.
 

9 National Economic Council, Central Statistical Office (1952).
 

10 The data of total fixed capital formation are for all firms in
 

the manufacturing industrial sector. Faving figured out that more than
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Footnotes ...... cont'd
 

half of the values of fixed assets in the 1964 industrial census is
 
from firms with ten or more workers, we decided to assume that the
 
available capital formation figure from firms with ten ot more workers
 
is approximately one-half.
 

11 Assuming that structures and machinery and equipment of Thai
 

manufacturers have life which is not significantly different from the
 
Turkish, we estimate their average life from Krueger and Tuncer's
 
estimates for the Turkish industries. See Krueger and Tuncer (1980).
 

12 See Park (1973).
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TFPG of Three-digit IStC Manufacturinj! hndustr.es, 1963-1976 
Table 1. The 

Mater ial Labor Growth Rate of: 
(kitpu t Labor Capital TFPCShare ShareISlC Industry 

1.25 
311 Food processing .7137 .0511 12.16 9.41 8.41 

-1.3025.26 21.25 20.91.7981 .1022312 Food products 

1.2.20 12.50 1.38
.3329 .0690 .6.02 

313 Beverages 


3.04 3.33 1.44

.4318 .0520 6.82 


314 Tobacco 


.5.42 9.93 16.53 1.78
.5746 .1050
321 Textiles 


7.74 17.49 -0.37
.5990 .1.682 16.30

322 Wearing apparel 


13.72 1.98
16.30 14.36 

Leather & leather product:o .7210 .0717
323 


.1880 1.6.30 12.61 14.35 -1.06

.6878
324 Shoes 


0.15
4.17 5.97
.6717 .1.264 5.70 

331 Wood and cork 


-1.41

.7015 .1.013 16.30 11.85 16.95 


332 Furniture & fixtures 


9.99 2.98
3.6.76 11.03 

34. Paper & paper products .6765 .1012 


13.26 3.00
 
342 


16.30 9.92 

Printing & publishing .5595 .1493 

22.01 13.83 1.57

.5661 .0669 20.81 


351 Basic cheinical s 


1.16
7.14 8.49
.6316 .0901 11.45 

352 Chemical products 


1.05
20.20 27.15
.0530 25.16

Rubber & rubber products .6944
353 


-1.99
29.00 25.07 28.58
.6241 .2658

361 Nonmetallic minerals 


18.66 -2.99
14.55 13.19 

Glass & glass products .4816 .1312


362 


5.29 11.98 -1.36

.7086 .0871 11.46 


369 Other nonmnetallic 


0.04
14.76 17.33
.8308 .0609 17.37 

371 Ferrous metals 


3:18
26.68 12.94 14.88
.5775 .0431
372 Nonferrous metals 


5.49 -0.39
1.29 0.25
.7059 .0655

381 Metal products 


9.22 17.93 -1.36

.6431 .0589 16.30 


382 Agricultural machinery & 


equipment
 3.22
45.89 45.87
.6911 .0809 53.15 

383 Electrical machinery 


14.28 1.8.68 -2.09
20.18
.8153. .0618

384 Transport equipment 


16.21. -0.32
36.30 10.20
.6341 .0991

390 MiscellaneCus 


13.11 15.94 0.38
.6429 .0930 17.73

Total 
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Two Subperiods
2. The TFPG of Three-dgi.t ManufacLturln%udndhsLr io::

Table 

9tr9 1970--1976 1963-197663-i97OISIC 

1.25
1.60 0.83
311 Food processiing 

-1.30-4.56 2,50

312 Food products 


-3.26 
 6.79 1.38
 
313 Beverages 


-2.63 6.19 1.44
 
314 Tobacco 


0.31 3.50 1.78
 
321 Textiles 


1.88 -3.00 -0.37
 
222 Wearing apparel 


1.90 1.98
 
323 Leather & leather products 2.05 

2.66 -1.06
-4.24
324 Shoes 


0.15
-0.10 0.43

331 Wood & oak 


0.74 -3,92 -1.41
 
332 Furniture & fixtures 

0.90 2.98
 
341 Paper and paper products 4.75 


3.00
2.89 3.13

342 Printing & publis;hing 


3.29 -0.43 1.57
 
351. Basic chemicals 


3.50 -1.56 1.16
 
352 Chemical products 


355 Rubber & rubber products -1.03 3.49 1.05
 

-. 89 -1.99
-0.35
361 Nonmetallic miieral products 


-2.07 -4.07 -2.99
 
362 Glass & glass products 


2.95 -1.36 
369 Other nonmetallic minerals -5.05 

0.51 -0.51 0.04
 
371 Ferrous metals 


7.10 -1,40 3.18
 
372 Nonferrous metals 


1.39 -2.48 -0.39
 
381 Metal products 


-0.32 
 -2.57 -1.36
 
382 Agricultural machinery & equipment 


3.02 3.45 3.22
 
383 Electrical machinery 


-1.74 -2.50 -2.09
 
384 Transport equipment 

-0.15 -0.51 -0.32 
390 Miscellaneous 


0.30 0.48 0.38
 
Total 
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Table 3. Output, Input and Productivity Growth of all Farm Machinery
 

Firms: Three Subperiods
 

Growth Rate of
 
Output Labor Capital TFPG 

Initial - 1970 12.15 23.21 9.67 5.91 

1970 - 1976 38.02 20.56 22.22 8.29 

1976 - 1979 34.94 6.18 11.96 -0.28 

Initial - 1979 28.02 13.81 18.10 5.33
 

Table 4. Output, Input and Productivity Growth of Large and Medium Farm
 

Machinery Firms: Three Subperiods
 

Growth Rate of
 

Periods 
Output 

Large Medium 
Labor 

Large Medium 
Capital 

Large Medium 
TFPG. 

Large Medium 

Initial  1970 46.05 33.94 53.65 18.14 14.08 9.67 5.72 5.91 

1970 - 1976 40.05 38.02 20.73 20.56 31.76 22.22 5.74 8.29 

1976 -. 1979 10.73 12.15 7.75 6.18 11.75 11.96 0.57 -0.28 

Initial - 1979 25.56 29.55 16.48 12.15 19.81 17.03 3.71 6.35
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rule for choosing "major" purchased inputs for etimatingAppendix 1: The 

their deflators Is: 

Let Mj he the value of the J-th purchaspd input used in the i-th 

three-digit--ISIC industry, j = 1, 2, ..., m, 

and Mik be the value of purchased input which has the k-th largest 

share of total intermediate inputs used in the i-th industry, 

k = 1, 2, ... , m, 

m m
 

where E M E Mik.
 
js]=i k=l 1 

... , m such that
The rule is to choose a "minimum" index 1, 9. 1, 2, 

Mil 
 .01
Mu < 0
 
1 

E Mik
 
k=1
 

and at the same time
 

I
 
E Mik
 
i=l 
 > 90
.90. 

i j E= M
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AUe -iLf2x: Bias of estimated intermedilat.c uput deflators 

If wl let 

Pik, t 
be the price index of the k--th ptrchased :input used in the i-th 

industry in the t-tlh period, 

m Mik	 of "all" 
P ik be the weighted average of 	prlieC indexes 

E 
k=l , tkl 1 ik inteiTiediate 

k I 

"true" deflator, and
in the t-th period, calledthe industryinputs used in i-th 

1 Mik m intermediate inputs
Pl ikt be the weighted averag? of 	 "major"E 1 

k=1l M
k1E Mi 
k=1li
 

in the t-th period, called "estimated"used in the i-tb industry 

the estimated deflator is equal. to
deflator, it is clear that the bias 	of 

1 Mik m
 

the amount which it overestimates, 	 T " PIik, t 
k-1 MS ik 

kl•
 

I M ik M-	 m Mik M 
k1 mn N Pi k, t.

plus the amount which E -	 Pik, t underestimates Ek4l m PI 

k-1 	 k-i 

M1
 
the maximum of .01 and
Suppose we let I- be equal to 

E Mik 
1=l 

i 
. Mik 

k=1 be equal to the minimum of .9, the overestimation term will be 

m 

E Mik 
k=l
 

of ten percent of Lte estimated deflator, namely,
equal to the maximum 
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X Mik PT m . inc the niceti,;t lation term will be equal to 

k=l
E Mik 

ik 

k=1 

n 1 Pm 
.009 E - ik

k=14+]. Nil 

all havae valuesis the sequence of decreasing numbers,%M.k 
;htre Mill k=1+L 

between 0 and 1. 

the estimated deflator that
Let us consider the maximum bias of 

could possibly occur. Let the estimated deflator be equal to the maximum 

of 250, p 's are all equnl to the m.xx:tmum of 300, m-.-l be equal to the 

ik M 

s are all equal to the average of .5. Then the maximum of 20, and M
ii 

which is less than one percent of the
 amount of bias will be equal to two 


With this maximum bias, we can say that the estimated
 true deflator. 


deflator is close to the true one.
 

lxxii 



CONSEQUENCES OF SMALL RICE FARM MECHANIZATION PROJECT
 

WorkinPgPapers
 

1. Juarez, F. and B. Duff. The Economic and Institutional Impact of Mechanical
 
Threshing in Iloilo and Laguna. October 1979.
 

2. 	Pathnopas, R. The Economics of Rice Threshing Machines in Thailand: A Case
 
Study of Chachoengsao and Supanburi Provinces. October 1979.
 

3. 	Gardezi, J., A. Rauf, M. Munir, K. Altaf, Q. Mohd-ud-Din, and B.. Lockwood.
 
A Study of Mechanical and Traditional Wheat Threshing in Multan District,
 
Punjab, Pakistan: Some Preliminary Results. October 1979.
 

4. 	Habito, C. and B. Duff. A Simulation Model to Evaluate Mechanization of
 
Rice Postharvest Operations in the Philippines. October 1979.
 

5. 	Chapman, J. The Potential of Mechanization for Crop Intensification in a
 
Rainfed Area - Iloilo, Philippines. October 1979.
 

6. 	Thapa, G. The Economics of Tractor Owernship and Use in the Nepal, Terai,
 
October 1979.
 

7. Jongsuwat, N. Productivity Growth and Farm Machinery Adoption in Thai
 
Agriculture. April 1980.
 

8. 	Bernsten, R.H. and R. Sinaga. A Methodology for Identifying Lowland Rice
 
Farms that Would Benefit from the Mechanization of Land Preparation.
 
October 1979.
 

9. 	Bernsten, R. H. and A. Rochim. Labor Shortage as a Constraint to Increasing
 
Cropping Intensity. Revised March 1980.
 

10. 	 Ayob, A.M. The Economics and Adoption of the Combine Harvester in the
 
Muda Region of Malaysia. October 1979.
 

11. Lubis, R. Impact of Cropping Pattern Technology on Income, Employment
 
and Production: A Case Study on Expanded Crop Production in Lampung.
 
October 1979.
 

12. 	 Wicks, J. A. Modelling the Consequences of Future Mechanization: An
 
Outline of Possible Procedures. October 1979.
 

13. 	 Khoju, M.R. and J. A. Wicks. Economics of Pump-Irrigation in Eastern
 
Nepal. August 1980.
 

14. 	 Tan, Y. L., J.P.G. Webster and J. A. Wicks. The Decomposition of
 
Differences in Output Between Two Groups of Farms. Revised 1981.
 



15. Herdt, R. W. Mechanization of Rice Production in Developing Asian 
Countries: Perspective, Evidence, and Issues. September 1981.
 

16. 	 Lantin, R. M. Mechanization Policy and the National Agricultural
 
Mechanization Council - Philippines. September 1981.
 

17. 	 Lockwood, B. Farm Mechanization in Pakistan: Policy and Practice
 
September 1981.
 

18. 	 Wiboonchutikula, P. Ihe Total Factor Productivity Growth of the Three
 
Digit Manufacturing Industries in Thailand. September 1981.
 

19. 	 Aharmned, C. S. and R. W. Herdt. A General Equilibrium Analysis of
 
the Effects of Rice Farm Mechanization in the Philipp~hes.
 
September 1981.
 

20. 	 Mikkelsen, K. and N. Langain. Technology Change in the Philippine
 
Agricultural Machinery Industry. Seplember 1981.
 

21. 	 Boughton, D. Energy Use in Alternative Rice Production Systems in
 
Nueva Ecija, Central Luzon, Philippines. September 1981.
 

22. 	 Hurun, A. Financial Analysis of Power Tiller Ownership in Mariuk
 
Villae, West Java, Indonesia. September 1981.
 

23. 	 Hafsah, J. The Economics of Tractor Operation and Use in South
 
Sulawesi, Indonesia. September 1981.
 

24. 	 Maranan, C. L. A Comparative Analysis of Tractor Contract Operations
 
in Nueva Ecija, Philippines, 1972 and 1980. September 1981.
 

25. Monge, V. S. and B. Duff. Analysis of the Demand for Farm Power
 
for Small 	 Rice Farm AgricultL ? in Nueva Ecija, Philippines. 
September 	1981.
 

26. 	 Munir, M. An Evaluation of the Farmers' Decision-Making for invest
ment in Farm Machinery. September 1981".
 

27. Jabbar, M. A., Md.S. R. Bhuiyan and A. K. Maksudul Bari. Causes and
 
Consequences of Power Tiller Utilization in Two Areas of
 
Bangladesh. September 1981.
 

28. 	 Juarez, F. and R. Pathnopas. A Comparative Analysis of Thresher
 
Adoption and Use in Thailand and the Philippines. September
 
1981.
 

29. 	 Ahmed, J. U. Labour (Ise Pattern A Mechanization of Paddy Postharvest 
Processing in Bangladesh. September 1981. 

30. 	 Colter, J. M. The Impact, of Ilandtractors on Income and Employment 
Opportunities of Migrant Laborers in ,Java. September 1981. 



31. 	 Santoso, K. The Potential for Agricultural Mechanization and
 
Labor Markets in East Java. September 1981.
 

32. 	 Bernsten, R. H. Effects of Mini-Tractor Mechanization on Employment

and Labour Use Intensity, Sidrap and Pinrang, South Sulawesi,
 
Indonesia. September 1981.
 

33. Collier, W. Improved Cropping Patterns, Labor Absorption and Small
 
Farm Mechanization in Indonesia. September 1981.
 

34. 	 Moran, P. B. and E. Camacho. Consequences of Farm Mechanization
 
Project Site Description: Philippines. September 1981.
 

35. 	 Generall?, A. C. and A. Aguilar. Effects of Mechnization on
 
Intensity of Land Use. September 1981.
 

36. 
 Tan, Y. and J. A. Wicks. Production Effects of Mechanization.
 
September 1981.
 

37. Sison, J. F. and P. B. Moran. Farm Labor Utilization and Employmert

in Two Selected Municipalities in Nueva Ecija - A Preliminary
 
Analysis. September 1981.
 

38. 	 Saefuddin, Y. Site Description: Mechanization Consequences

Project in West Java, Indonesia. September 1981.
 

39. 	 Handaka, S. Effects of Mechanization on Intensity of Land Use,
 
West Java, Indonesia. September 1981.
 

40. 	 Handaka, S. A Technical and Economic Evaluation of Rice Mills in
 
West Java, Indonesia. September 1981.
 

41. Sinaga, R. Effects of Mechanization on Productivity: West Jda,
 
Indonesia. September 1981.
 

42. Sinaga, R. Effects of Mechanization cn Productivity: 
 South Sulawesi,
 
Indonesia. September 1981.
 

43. Sri-Bagyo, A. The Impact of Mechanization on Production and
 
Employment in Rice Areas of West Java, Indonesia. September
 
1981.
 

44. 	 Maamun, Y. Site Description: Mechanization Consequences Project in
 
South Sulawesi. September 1981.
 

45. Sarasutha, I. G. P. and R. Bernsten. 
Fffect of Mechanization on
 
Intensity of Land Use, South Sulawesi, Indonesia. September
 
1981.
 

46. 	 Bockhop, C. W. and M. Nafziger. The Impact of Economics upon the
 
Design of Machinery at TRRI. September 1981.
 

A'
 



47. Wattanutchariya, S. Economic Analysis of Farm Machinery Industry
 
and Tractor Contractor Business in Thailand. September 1981.
 

48. 	Hussain, K. A. An Assessment of Capacity of Workshops and Farmers
 
To Repair and Maintain Farm Machinery in District Faisalabad:
 
Summary of Major Findings and Policy Recommendations.
 
September 1981.
 

49. 	 Gonzales, L. A. and R. W. Herdt. Evaluating the Sectoral Impact
 
of Mechanization on Employment and Rice Production in the
 
Philippines: A Simulation Analysis. September 1981.
 

50. 	 Khoju, M. R. The Economics of Pump Irrigation in Eastern Nepal.
 
September 1981.
 

51. 	 Sudaryante, T. The Effect of Tubewell on Income and Employment:
 
A Case Study in Three Villages in Kediri, East Java, Indonesia.
 
September 1981.
 

52. Santoso, K. Economics of Pumpsets in East Java. September 1981.
 

53. 	 Wicks, J. A. and M. A. Sumiran. Data Management for Analyzing the
 
Consequences of Mechanization. September 1981.
 

54. 	 Webster, J. P. G. An Evaluation of Mechanization Data Using the
 
FAO's Management Data Collection and Analysis System (FMDCAS).
 
September 1981.
 

55. 	 Lingard, J. Measuring the Impact of Mechanization on Output.
 
September 1981.
 

JW/hhr
 


