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FROIE_ 	 CTIVITY GCOIITII AND TECIHNICALEi"?;IC LtrCY III 

BA1:GLAD.E3 t TH IN DUSTRIIESMANTFACTUINI3 

K.L. 	 Krishna and G.S. Sahota 

I. Introduction : 

Productivity growth in the industrial "ectur *jsi.1 

come to be identified as a key factor in thie otructural 

transformaticn of LDCs * Sevelral studies have bean csrried 

out on the scurces of growth of LDCs using the growth 

accountingi framework pioneered by Denison, Kendr±C h and 

Solow. As pointed out by Pack, several important issaez 

cannot be addressed with the help of aggregate (hta 2or 

broadly defirned sectors. In recent yuai-s seve-'al micro­

studies on productivity using firm level data in narrowly 

defined indu,.2t:ies have been undertaken . Such studieS -re 

potentialy useful in under. anditn the industrial development 

i~rocezs in LLCs. 

A very recent study for iBuagladesh based on firm level 

data C.rom the Census of Manufacturirg Industries (CLI) uses 

1. 	 See H, Pack, "Industrialization arid Trade", 
Chpter 9 in H. henery vad T.N. Srivasa (Ld).) 
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the growth accounting frwiiework. The p'escrit study 

employs the pr,)duction frar.ework to study pruductivJty 

growth 	 and technical efficiency in thirty imp)or'tLl't fou'­

digit industries in Bangladesh using the CII data for indi­

vidual 	firms for the years 1974-75, 1975-76, 1979--0 to 

,-185-06, 3 The analysis is conducted in tbe friw:eworlc of ii 

three-factor production function with intermediate inputs, 

labour 	 input and capital input as arguments. The trauslog 

(TL) specification is used for 17 industries, for each of 

which at least 100 observations were availr,'ble. For the 

remaining 13 industries with number of obServationt;,between 

35 and 	99 the Cobb-Douglas specifi ,ation is used. It may be 

stated 	that although the flexible TL form should be used for 

the investigation of the substitution possibilities between 

pciirs of factors, it sccrns to offer no sl,ecial advrii;::g, inl 

regard to the study of productivity and] technicol efficiency. 

It has been found that the TL and CD forms yield sirnilvr 

results. Our own preliminary exercises have confirmed 

this, It is somewhat time-consuming to verify the "wel>­

behavedness", that is, the properties of monotonicity and 

quasi-concavity of the TL specification. .e have becii ,blc 

2. 	 Productivity and Economic Developfi.r.,t in lJail.dezh, 
oWorking Paper ;o. 15, iiID/ESET? rrect, i oxar1 

3, 	 This paper updcates "orhing, ecpur i 19( of IlD/'i ,AJ1P
Project. 
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to do this to a very limited extent. 

A somewhat novel feature of the -tudy isi that it 

attempts to relax the assumption of tirriL-invfriart technical 

efficiency, following the approach receiftly suggested by 

kl19e).Cornwell, Schmidt and Sickles 

The plan of the paper is as follows : Section 

outlines the methodology of the study. The three 

to be estijnmted -re set outproduction fuiction models 

2.3. The model of pro­in three sub-sections, 2.1 to 

ductivity growth arid time-invariant ;echnical efficiency 

is presented in sub-section 2.1. A modIl iltunled to 

yer-to-yeer moveaents in productivity isbring out 

2.2. This model is useful inset out in sub-section 


the New Industrial Policy (NLIP) of
exwining whether 


1982 has contributed to productivity improvement. A
 

the model of sub-section 2.1,
generalization of 

allowing for time-varying technical efficiency, is 

outlined in sub-section 2.3. Empirical results 

are di.,cussed infrom the threc estimated models 

and Conclusions arc pce'sntcd
Sections 3 tu 5. Summry 


in Section 6.
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A shall estimate production functions utilizing 

CMI panel data for important industries to study the 

following aspects :
 

1. 	 Trends in total factor productivity (TFP)
 

of individual industries over the period
 

1974-75 to 1985-86. 

2. 	 Technical efficiency (TE) of individual firms 

(enterprises or establishments) in each of 

the industries, assuming that TE is time­

invariant. 

3. 	 Year-to-year variations in TFP of individual
 

industries over the period 1974-75 to
 

1985-86, and
 

4. 	 TE of firmsrelaxing the assumption of 

time-invari ance. 

2.1 Productivity Growth and Time-Invariant TE 

The study of aspects (1) and (2) is bdsed on the production 

function of the form : 
= i+7 I t 2+Xi+(IV " t+72 	 e it() 

where i refers to firm i, i = 1,2, o.., r 

t refers to year t = 1,2,..., Ti 

Y = natural logarithm of deflated valuc of output 
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X = Vector of natural logarithms of input variables
 

in physical units or constant prices.
 

e = Disturbance term 

Depending on the size of the sample for a given
 

industry, we estimate either the three-input translog (TL)
 
production function or the three-input Cobb-Douglas (CD)
 
production function. 
 The three inputs are (i) Value of
 
intermediate inputs in constant prices (M), 
(ii) labour­

total numb6r of employees (L) and (iii) capital stock in
 

constant prices (K)4 In case
the of the CD function, the
 
vector X' = [In M, In L, In KJ and in the 
case of TL function
 

the vector
 

X'= [Int,, 
 lnL, InK,(n ,M)2 , (InL)2,( I nK) 2 ,inM.InL, 

In/. lnK,inL,lnK] 

In oui study of aspects (I) and (2), the parameters 

of primary interest are ai(i = 1,2,...,n) and y and y2 " 

The productivity (TFP) measure for any firm in the given 

industry in period t is given by the quadratic fur :tion 

,fn t 

In TFP(t) = Y1.t+Y 2 .t2 

and the implied rate of growth in productivity, TFPG is
 

TFPG(t) = d[nTFP] = Y +2y 2 t 

and the change in TFPC is 
4. The data base anJ data adjustments are discussed inPrpductivity and Economic Development in Banqladesh,


Working Paper No.15, March 1990, Hlu/TESEPProject.
 

http:Y1.t+Y2.t2
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d[TFPG(_)] 
dt (.tl=2 

= 2 2 

Thus TFPG(t) is a linear function of time, 

Y1+2Y2 "tt y1 can be interpreted as the initial TFPG 

(i.e. when t = 0) and Y2 can be interpreted as the measure
 

of acceleration (Y2>0) or deceleration (Y2 < 0) of TFPG. 

The special case ¥2 = 0 means that TFPG(t) is a constant,equal 

to y1. The special case Y1 = Y2 = 0 means that there is 

no productivity change. 

The parameter a i is the intercept for the ith firm 

i = 1,2,...n . Differences in a, across firms in the given 

industry refLect differences in time-invariant technical 

efficiency (TE). Let amax = Maxn(a,0C2 Fa**an) Then 

exp (a -amax) measures the TE of the ith firm relative to 

the 'best-practice' firm in the industry. The 'best­

practice' firm has TE equal to 100 per cent, according to 

this view.
 

We assume that the disturbance term eit fulfils the 

classical assumptions of zero expectation, constant variance 

and zero serial correlation. We propose to estimate the 

production function (1) by ordinary least squares (OLS). 

This is referred to as the 'within' estimator in the 

literature.5 

5. 	 See P. Schmidt and R.C. SAckles, 'Production 
Frontiers and Panel Data', Journal of Business and 
Economic Statistic; vol. 2, No. 4, October 1984, 
pp. 367-374, 
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OLS estimation of the production function could 

propo­in terms of the Zellner-Kments-Drezebc Justified 

the assumption of maximization of expected
sition that under 

and the disturbance term
profits, the explanatory variables 

The 'within' estimator employed in this
 
are uncorrelated. 


least stuares (GLS)
study, compared to the generalized 

property that its consistencyhas the desirableestiniatorv 
of the 

does not require the of uncorrelatednessassumption 

regressors (inputs) and the firm effects (ai). Consistency 

of the estimated firm effects, however, requires that Ti, 

ftr firm i, tends to infinity. 6 

the number of observations 

< 9, the limitation of our
In view of the fact that Ti 

of technical efficiency should be borne in mind. 
estimates 

It is important to draw attention to possible 

of the estimated measures
pitfalls in the interpretation of 

derived residually, these are likely
TE& Since these are 


by errors of measurement and omitted 
to be contaminated 

reasont the estimates based on theFor thisvariables. 


should be preferred to those 
translog (TL) specification 

Cobb-Douglas (CD) specification. Also the 
based on the 

The square and inter-
TL function is a flexible form. 

the function provide information on whether
inaction terms 

substitution possibilities between pairs of inputs diverge 

by theof substitution implie'd
from trc uritary elasticities 

CD cdunction. 
6. See Schmidt and Sickles, ibid. 
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Most of the earlJer studies on TE have relied on 

the CD form of the production function. Kopp and Smith
 

(1980) compare the CD, the Constant Elasticity of 

Substitution (CES) and the TL forms for electricity
 

generation plants; they observe that the TL yields margi­

nally higher efficiency measures.7 Our own exploratory
 

exercise for several industries has shown that the results
 

fvom the CD and the TL specifications are in broad agreement
 

in respect of productivity growthdifferences in TE as
 

measured by the F-statistic, and the minimum level of TE.
 

2.2 	 Year-to-Year Variations in TFP
 

Inter-year differences in productivity in any
 

industry is analysed by estimating the following
 

-relationship -


Yit = t+it + e1 tt 	 (2) 

where all symbols otier than t p have the same meaning as 

in (1) t is the intercept for year t, t = 1974-75, 

1975-76, 1979-80,..., 1985-86. Differences in t reflect 

year-to-year differences in productivity (TFP).
 

Relationship (2) has been estimated by OLS for 17 industries.
 

Using the estimates of t for different years, an index
 

7. 	 [{.J. 1Kgpp aid V.K. Smnith (1980) 'Frontier Production 
Estim.ites for Stenm Electric Generation: A 
Comparative Economic Analysis', Southern Economic 
Jurna, 47, 1049-59. 
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of year-wise productivity (TFP) performance has been 

constructed with 1982-83 = 100 3 

TW) exp t 1982-83 x 100. 

2.3 Time-Vatrina Technical Effi ciency 

Here we relax the restrictive assumptions with 

regard to productivity change and technical efficiency 

implicit in (1). 

We estimate a model of the form suggested recently
 

by Cornwell, Schmidt and Sickles 

Yt a: +t , P + vt (3) 

I + e 2 t+ e13t2 where at = 

and other symbols have the same meaning as in (1)
 
A 

Let p be the 'within' estimator of p. The vector 

r [p ' i2' 013l is estimated by regressing the 

residual!- (Yit-Xit ) for firm i on t P.d t . TThe null 

hypothesis of titie-Inveri ant technica]. efficiency for 

= =firm i is equivalcnt to H : £i2 e13 0 • This 

hypothesis is tested by testing the significance of the 

C. Cornwiel, pF. Schmidt and HoC. Sickc} , 
'Production Frontiers with Gross-Sectional and 
Time Series Variation in Efficiency Lcvels', 
unpublished, Sept. 1988. 
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112 for the regresion of (Yt - Xitj) on t and t 2 . This 

test is Possible only for firms with at least 4 obeor­

vations.
 

3. Productivity Growth and Time-Invariant Technical 

Efficiency : Results 

We have first obtained the ['within'j estimates of 

the Model I : the TL function for 17 industries for which 

more than 100 observations are available, and the CD function 

model for 13 other industries for each of which the total
 

number of observations is less 
 than 100p but more than 35.
 
ofThe results for these two categoriesZindustries are presented 

in Ai pendix Tables A.l and A.2, respectively.
 

Rather than comment on the details of the rer­

ssions, we shall bring out 
 the salient features by examining
 

the summary results bearing upon productivity growth and
 

inter-firm differences in technical efficiency. The cumnary
 

results are presented in Tables 1 and 2.
 

3.1 Producivity GroLwth : The figures in columns (4)
 

and (5) of Tables I and 2 provide information about
 

productivity growth over the 
period 1974-75 to 1985-86. The 

coefficient of t (col.4) is an estimate of the rate 
 of
 

productivity growth (TFGa) when t = 0, i.e. for the year 

1973-74. The coefficient cf the t2 variable is a measure
 

of the change (acceleration/deceleration) in TFPG over
 

time,
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In terms of TFPG, the 30 industries taken up for 
study fall into five distinct categories. The categories,
 

their defining characteristics, and the industries in e.­

category are 
shown below.
 

Catego:y Defining Chara-
 Number Industries
 
cteristics
 

I No. significant produ-
ctivity change (co- 15 

3119 
3206 

3804 
3805 

officients of t and23504 3413 
3501 

3809 
38193824 

t2 are both insigni- 3504 324 
ficant) 3525 

3569 

I1 Acceleration from an
 
initially negative TFEF 3118
 

(coefficient t signii-4 3141 
cantly negative and 3816 
coefficient of t " 

significantly
 

positive)
 

III 	 Acceleration from the 3201 
initial zero TFPG 2 3819 
(coefficient of t in­

significant and co­
efficient t2 signi­
ficantly positive)
 

IV Stagnation at an 6 3112 3204 
initially Positive 
 3122 3231 
TFPG 
 3126 3422
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V Deceleration from 4 3114 

an initially posl- 3203
3213 

tive TFPG 3713 

Thus one-half of the 30 industries are characterized
 

by stagnation in the matter of product!vity. Two major
 

induscries, namely, Rice M-illing (3119), Handloom textiles
 

(3206) and several Chemical (two-digit code 35) as well as
 

metal based (two-digit code 38) are found in this category.
 

Cotton Textiles (3201), Grain Milling (3118),
 

Fabricated metal products, n.e.c. (3819), Bolts, nuts and
 

rivets (3816) and Cigarette&- (3141) are characterized by
 

acceleration ir.TFPG from initially negative or zero TFF:.
 

Three industries in the food manufacturing group
 

namely, 3112, 3122 and 3126, Silk and synthetic textiles
 

(3204), Tanning and Finishing (3231), and Printing and
 

Publishing of books (3422) show no significant change in
 

TFPG over time.
 

Fish and sea foods (3114), jute textiles (3203) 

Knitting mills (3213) and Iron and Steol re-rolling (3713) 

have shown slgnificant deceleration in TFPG over the sample 

period. 

Thus stagnation is the predominant feature of the
 

change over the twelve-year period 1974-75 to 1985-86.
 



3.2 Time-Invariant Technical Efficiency
 

Results on the technical efficiency of individual
 

firms (or establishments) in the 30 industries are presented 

in columns (6) to (8) of Tables I and 2. The figures in 

col. 6 show that inter-firm differences in technical
 

efficiency are statistically significant, at 5 per cent 

level, in 24 industries. Jute Textiles (3203), Wooden
 

Furniture (3321), Match manufacturing (3525), Furniture ond
 

Fixtures-metal (3304) Bolts, Nuts and Rivets (3816) Fabricated 

metal products, n.e.c. (3819) and Textile Machinery (3824) 

are the only industries where all the firms in the given 

industry are quite similar in respect of technical efficiency. 

Minimum technical efficiency, that is, techni.al 

efficiency of toe least efficient firm in the industry is 

shown in col. 7 of Tables I and 2. For about one hif of tec 

industries, the minimum technical efficiency does not exceed 

35 per cent. It is above 60 per cent in only 3 industries.
 

Technical efficiency differences in most industries are 

quite large.
 

Average (median) technical efficiency of firms in 

each industry is shown in col. 8 of Tables I and 2. In 

14 of th industries, it doej not exceed 50 per cent. 

However in 13 it is above 66 per cent. Only in two
 

indL.itrics (3321 and 3805) it is above 92 per cent. 

http:techni.al
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The results on technical efficiency presented above 

suggest that there is considerable scope for the improvement 

of technical efficiency of firms in most of the industries. 

We saw that five industries (3118, 3141, 3816 of
 

category II and 3201 and 3819 of category III) experienced 

acceleration :.n TFPG over the period 1974-75 to 1985-86. 

The median .technical efficiency for these industries are 

26, 63, 79, 42 and 55 per cent respectively. Similarly, 

the range of variation in median technical efficiency for 

15 industries of Category I which experienced no productivity 

change is very high, 32 per cent to 98 per cent. Thus, the 

association between productivity performance (at the 

industry level) and average technical efficiency appears to 

be weaka 

4. Yeer-to-Year Vnrialions in Productivity 

The productivity results presented in Tables 1 and 2
 

were intended to analyse the medium-term trends .;n produ­

ctivity over the period 1974-5 to 1985-86. In this secti(,n
 

we present rec-ults which fccus on the year-to-year variations
 

in productivity. We Ehall ccmpare the productivity level
 

in each year, except 1976-77, 78-79, and 79-80 for wihich
 

CI data are not available, with that in 1982-83 in which 

year the Iew Industrial Policy (NIP) wa& introduced. The 

comparison of the ycirs 1963-84, 1984-85 and 1985-86 with 

1982-83 will enable us to assess the impact of NIP on 
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prodjtctivity. We-carry out the analysis with the help of 

year 	dummies in the production function regression ­

relationship (2). It must: however, be admitted that this
 

methodology is not satisfactory for policy evaluation for at 

least 	two reasons*
 

(1) The policy instruments are not incorporated in
 

our analysis.
 

(2) The. coefficients of the year dummies will 

reflect not only the effect of policy instruments 

on productivity but also the effect of all vear­

specific factors.
 

Ta'-le 	A.3. 
The 	estimated regressions are to be found in Apiond!x!
 

The 	indic:es of year-wise productivity performance for seventeen 

induiLtries based on production function regressions with 

year dummies are presented in Table 3o The index has the 

valu," 100 for the year 1982-83. The F statistic for year 

dunni, 3 is significant at 5 per cent level only for 9 indus­

trier, out of l7.9 In the pre-192-83 period, no clear 

upwalrd trend in productivity is discernible for most of the 

17 it;dustries. In 1983-84, in only two industries 

9. 	 It may te netcd t.t tio results ot Table "1are not 
quIte ccnp&, rei.b 1, wll th tho' : in Table s I and 2, 
because the rcqrussiris und..rlyinq the results of 
Table 3 do not ccntain firii dummiies. The available 
ooftware does not permit the simultaneous presence 
of firm and year dummies.
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(3201, 3204p 3206, 3231 and 3501) experienced signifi­
cantly higher levels of Productivity, while none recorded 
-ignificantly lower level compared to 1982-83. With the 
exception of four industries (3119, 3213, 3525 and 3713) 
all industries fared better in 1985-86 compared to 1?82-83. 
Similarly, in years 1933-84 qnd 1984-85 eleven industries 
fared better than in 1982-83. 
 Thus there is some 
evidence 
to show that the productivity performance of the industries 
in the Post-1982-8.3 
period improved soMev,rhat. But the
 
evidence is far from conclusive. 

5. Time-Varyina Technical Efficenc, : Results
 

The summary results of estimating the time-varying
 
technical efficiency model 
 (3) for 18 industries 
are presented
 
in Table 4 * It may be seen from the table that for a good

majority of firms in each industry there was 
 no significant 
change in productivity or technical efficiency over time
 
(see col. 5 in relation to col. 2). 
 As many as 
256 firms
 
(70 per cent) out of a total of 361 sample firms in the
 
18 industries stagnated. 
 For them technical efficiency in
 
time-invariant. 
 For 74 firms there was siqnificant channe
 
in technical efficiency 
over time: acceleration for 16 firms 
(col. 3) and deceleration for 28 
(col. 4) Cotton Textiles
 
(3201), Tanning ard Finishing (3231) Priiitin, and [ublishir, 
of Books 
(3422), Fabricated Metal Products (3819), 
Miscellaneous Plastic Products (3569) Handloom textiles
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(32Cc) and Plumbing Equip!:ent (3"17) had among their firrs 

!everal which experienced increase in technical efficiency. 

On the other hand, several firms in Jute TeXL.1t; (.j203), 

Tanning and Finishing (3231) and Iron and Steel Re-rolling 

(3713) suffered deceleration in productivity.
 

Average technical efficiency as estimated from M01odel 


and presented in columns (6) to (8) for different groups of
 

firms does not reveal any relationship between acceleration/
 

deceleration of productivity and the measure of time­

invariant technical efficiency. 

We present in columns 9 and 10 of Table 4, information 

about the performance over time of the least efficient and
 

the most efficient firms. Cut of 18 cases, only in two
 

(3122 and 3201) the Idast efficient firm improved its pro­

.ductivity performance, in 13 cases it stagnated and suffered 

a setbcc];. in two (3114 and 3713) other cases. The most 

efficient firm further accelerated in one case (3805), 

decelerated ir 2 cases (3521 and 3525) and stagnated in the 

other cases.
 

Thus time-invarian co or stagnation in productivity 

performance was the characteristic of over 70 per cent of the
 

:.ample firms. Acceleration was more in evidence than
 

deceleration. Different industries had different numerical 

,shares 2,r t accelersting, decelerating and staqna-nt groups 

of fir!:., 

I 



6. 	 Summnry ahd Conclusions 

In this paper we have presented reztlts of on 

exercise on micro-productivity for 30 important four­

digit industries in Bangladesh covering the period 

1974-75 to 190.5-86. The study has utilized establi­

shment data from the Census of Ianufacturing Indu-tries. 

The papur has dealt with two aspects 

(W) 	 Growth in total factor productivity (TFIP) 

at the industry level and 

(ii) Technical officiency (or pruductivity) of 

individual establishments in each 

indus try. 

.Panel data have been usei. to estim.-te three types of 

production models, one of which seeks to relax Lhe 

assumption of time-invariowt technical efficiency. 

The epirical results are quite striti * 

(a) 	 Fifteen of the thirty industries experieiced no 

significant productivity change over the period. Very itLw (5) 
industries showed significant acceleration in TFP chanse. 

Several suffered from dece2eration in productivity chwiLe. 

The overall picture that emerfes is one of stagnation in 

productivity. 
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(b) 	 Differences in tecluiical efficiency acruss firms 

were found to be significant in a majrity of industries. 

The minimum level of technical efficiency and/or
 

median 	technical efficiency was rather low in many 

industries. These results suggest that there is
 

considerable scope for improvement of the productivity
 

of individual firms in most industries. 

(c) 	 Year-to-year variations in productivity were found to 

be significant in several irA(ustries. The post NIP 

years registered marginally better perfor'm.-rice in a few 

industries. The year 1905-86 showed somewiat better results 

in several industries . However, the over-all
 

impression the results produce is that there was no 

pronounced improvement in productivity over ti:: yc,;rs, 

consistent with other evidence presetited in t]i.: p:,])Cr 

rind elsewhcre. 

(d) 	 .'.'eexwaiined the productivity growth experience of 361 

sr._l)le firms belornin, to 18 ir.bAtr.iL,;,. 70 per cert 

of tlese firms experie:nced no sigr%.ifcur~t ciugc in 

productivity or technical 'fficiericy over the period 

1974-1926. OUnly 46 firmz, registerud inl-rovewir:l(t in 

technical effici-f-,icy, vhile 28 suffered a decline. 

In brief, .it. a few .xccutiona, firms in Danclndesh 

Jncustries displayed no siCgn of iroductivity gro :th. 

http:ir.bAtr.iL
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We have carried out some limited exercises to explain 

the inter-firm differences and temporal variations in 

technical efficiency in terms of scale of the enterprise, 

skill composition of the labour force, capital intensity and 

material intensity. The explanatory power of the regressions 

iz- very low, ,d the ,xpljihtoryvariables have insignificant 

cocfficienL for rnost of the industries . 

The liimitations of cur 3'e::. J~tZ Ijrvc Lecrn IliJiL.lJ,cd 

-it the appropriote plcces. Tjlese should be kept in mind. 

Several other aspocts of the production function could 

be analyzed from the available data. Some work has already 

t,c n, corn:IlcteA. It will form, ti. F.iijcct of i,,.utljer 

p np er. 
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304 

.0 

7 

6 

72 

5 

-1 

33 

(.047) 
-007 

( .051) 
-0..28 

( -0-9 
.0246 
( .064)
-004 
(.007) 
-. 007 
(.050)
.065 

(.003) 
.003 

(.003) 
.002 

L-005) 
-. 0009 
(.004) 
-

.0032 
(.0037) 
-. 0012 

4..391* 

7..351* 

3.902* 

3.166* 

0.951 

4..6* 

209.1 

20.2 

27.0 

52.9 

27.1 

56.3 

44.1­

4?.1 

42..2 

69.3 

46.0 

97.7 

3815 

3817 

0 

9 

6S 

69 

(.041) 
-. 057* 
(.026) 
.017 
(.034) 

(.0023) 

.0041* 
(.0016) 
.0007 
(.002) 

1.900 

4.125* 

70.5 

61.3 

79.1­

39.0 

39 24 7 42 -. 035 
(.57) 

.106 3 
(.0037) 

2..146 56.1 74.0 



:v-'e cf Yr- - (TFt) Perfor.-n-' based on Pro'ductlon F-t.-cin 

y "" 
=-Stat for 

' 1) 
I'71_75 

(2) 
1?-7 

(3) 
1979-o 

(4) 

Jq0&-81 

(5) 

1981-92 

(6) 
1983-84 

(7) 

1984-85 

(8) 
19e5-e' 

(9) 

Year dummnis 

(Il) 
3119 

3- 2 

07 15 

71 
05 92 96 

91 
o9 

93 

103 

96 

108 

83 
1.52 

1.05 

?126 107 11A' 96 

-3 1n 

177* 

1o1l 

99 

101 

111 

2.43* 

3.20* 
?21 b9 - 32 95 93 113* 105 124* 8.37* 

3147 
3204 

3-1 

34,-

322 

92 

78, 

22 

7A. 

22 

59 

106 

93 

92 

91 

? 
4 

.7 

-e,' 

111 

*.o 

84 
99 

94 

1.00 

97 

I3L 
:106 

82 

27 

104 

'3 

104 
107 

106 

92* 

103 

1106 

115 
131k 

149* 

98 

131* 

115 

9,37* 
17.7" 

0.66 

2.10 

7.24* 

13.75* 

2% 

3525 

3713 

90 

9.2 2 

9 

103 
97 

82 

-093 

107 
107 

79 

9P 

100 
91 

98 
1'1 

194 
134 

!19 

99 

109 
95 

106 

96 

l67" 
133 

95 
9 3 

8.76* 

1.40 

1.01 
1.64 

3 i 

Sotes: 

+ 

I 
2. 

-7F 89 06 94 10436 93 91 96 10? 112 124 
:The ccrre.- A coefficient is significant at 5 per cent level,

Sc A.-: Lx I for t-i -" scri:,tion of the inc-u:tr-: Ccee (Col.l).The imn-x of Prcdu-_tivity performance presented in tne table is based on theCc4ffioicts of the7 -um;y variables for years in the pane] data regressions.Fir,- - - -- r ot preent in thee rearessions. 

1.83 

2.9 1* 



mnry 
on Frontier (TL!CD) Pro SFctien Function 

Su : reslts on te-'tporal variation in mrchnial Efficienc, based 

Indes . I Average Technical 
Code 1. Of fir- Efficienc (Percent) Performance of the 

I GA GD GS I GA GD Least effi1jient Most efficient 
f irm firm. 

12 3 4 5 6 7 	 9 0
 

3122 32 2 2 28 55 50 53 Improved st-a -ted 
3201 40 11 1 28 42 32 18 Improved starated 
3203 44 1 8 33 72 66 32 stagnated stagnated 
3206 29 3 1 13 27 15 24 stagnated 
3231 51 5 5 33 70 64 72 -

3422 30 4 1 29 70 66 73 stagnated stagnated 
3521 13 1 1 11 56 33 100 steanated deel eratr.I 
3525 12 1 1 10 50 3? 63 stagnated erated 
3713 20 2 3 15 67 64 35 decelerated st.a na t _-d 
3819 25 4 1 21 55 57 76 stagnated sts nated 
3114 5 0 2 3 68 - 57 decelerated stacated 
3503 8 0 0 8 49 - stagnated staanated
3569 11 2. 2 6 69 83 65 stagnated stanated 
3904 7 1 0 6 •46 44 - stagnated stagnated 
3305 S 2 1 2 98 n9 77 stagnated accelerated 
3916 9 2 0 7 79 79 - stagnated stagnated 

3917 9 3 0 6 89 83 - stagnated stagnated 
74 72 - stagnated stagnated3324 	 7 1 0 6 

Notes: (1) I Industry, GA = group itinich experienced acceleration _TFP 

GD arcup which experienced 3zzeleration in TFD, S r ' ,pwichexperienced 
by the F teststagnation in TFP, as revealed 

of (yearly) observations
(2) For some firmrs in several industries the number 

firms the 	null hypothesis of stagnationis less than 4.. For such 
in :,ro'uctivity could rot be tested. 

(3) 	 Average Technical efficie.r-:Y figures given in columns (6)-(, ) are based on 

time invariant efficiency.regressions -j ith 

to
A6 


