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Total Factor Productivity Growth in rndinn ~anufnoturial 

A Fresh Look 

by P. Balakrishnan and K ,  Pushpangadan 

Assisted by M. Sureah Bnbu and ~ e n n i s  Raja Rumar 

The best known studies1 of the growth of productivity in Indian 

industry  have worked with the value added at constant prices as the 

measure of output. The latter is arrived at by deflating nominal 

value added by an index of manufacturing prices. Such a measure is 

valid o n l y  if t h e  pr ice  of materials relative to t h e  price of 

output is m o r e  or less constant during the period of analys i s .  When 

this relative price is changing, estimated value added is a bfaad 

measure. Ceteris paribus,  t h i s  bias will carry over to t h e  estiraab 

of productivity2. While the problem has been recbgnised i n  at leaat 

one s t u d y  of productivity growth in Indian manufacturing3, it has 

never been followed up, in that we are yet to see estimates of 

productivity in the Indian economy tlaat have t aken  i n t o  account 

changes, if any, in the  relative price of the material inputs, 

Perhaps t h i s  is due to the enormous data requirements of such an 

exercise. T h e  present paper makes an attempt to estimate, for the 

first t i m e ,  t o t a l  factor productivity growth in Indian industry 

having accounted for changes in the relative price of material 

inputs. The analysis is restricted to Aggregate Manufacturing. 

See Ahluwalia (1991) and Galdar (1986). 

See Bruno (1984) and, Stoneman and Francis (1992). 

See Goldar (1392), p. 15. 



The outline of the paper is as follows. section 1 deals with  

the relevance of the constancy of the relative price of materials 

in measuring total factor productivity using value added. In this 

section, the  temporal behaviour of raw material prices in India is 

also examined. In Section XI, the method of computation of total  

factor productivity (TFP) is explained, and TFP is estimated from 

real value added, both adjusted and unadjusted for changes in the 

relative price of material inputs. This section also discusses the 

implication of the results. We conclude with a statement of the 

limitations of t h e  analysis and with suggestf ons for further 

research. 

r 

We here examine how changes in the relative price of material 

inputs can effect the measure of real value added and thus measured 

productivity. Assume the case of a single output and a s ingle  

material input. Value added in current prices is defined as 

where IP* is t h e  prfce of output, * Q f  is output, \Pn* is the price 

of the material input IN', and *t8 is the time subscript. 

Real value added can be obtained from (I) i n  two different ways: 

the single-deflation method and tho double-deflation method, 

respectively.  In the single-deflation method, both components of 

value added - the value of output and the value of the input - are 

deflated by a s i n g l e  prfce index, i.e., that of output. The value 

added thus obtained will be denoted VASD, A s  per the deuble- 

deflation method, the value of output is deflated by t h e  output 



price and the value of input by an input price index. .The val% 

added thus obtained will be denoted VADD. From the am 

definitions, we have: 

where R = 'Pgg/P, and 

S e t t i n g  base period prkc~s to one, the expressions in (2)  and (31, 

respectively, may be re-written as follows: 

Now, it is apparent t h a t  real value-added arrived at by the 

single-deflation method is not  invariant with respect t o  the 

current level t h e  relative price of the material inputs. Therefore, 

in periods of a secular change in this price, the inherent 

difference betweeri t h e m  two measures will widen. In periods when 

the relative price incrensea VASD will grow at a rate slower than 

VADD, while during periods during which the r e l a t i v e  price 

decreases VASD w i l l  grow faster than VADD. 

The analysis has go far been conducted for t h e  case of a 

single output and a single input. The conclusions extend t o  the 

case of an aggregate of several outputs and several inputs* 



A formal expression of the relationship between changes in the 

relative price of materials and VASD is provided by ~ r u n o ~ ,  an 

adapted version of which w e  present here. 

L e t  t h e  aggregate production function for the manufacturing 

sector be given by, 

Q = Q ( L , K , ~  ----------------- ( 4 )  

where 'Q' is output, ' L r  is labour, \K' is cap i ta l  and IN' is t h e  

amount of t h e  material inputs.  Real income ' Y f  is then defined as 

where n,= P,/P= price of intermediate fnput/price of output. 

Under ~ptiaising behaviour, the marginal value product of the 

intermediate input must be equal to its price and real income may 

now be written as, 

y 3 Y ( L ,  K: A,) ------------ ---- ( 6 )  

In order to bring out the effect of a change in the relative 

price of the intermediate input on value added, express ( 6 )  in 

growth rate form, Differentiating ( 6 )  with respect to time 

= 6 Y  dL & Y d K  LY d x n  -- + -- * -- ------ 
dt bL d t  6 K d t  in, dt: ( 6 4  ' 

Under profit maximisation, and via the 'envelope theorem', we 

have, 

Bruno (1978 and 1984) 

5 



w BY + r &Y by=- -,- ' -M ----- 
6 P ' ~ K -  P ax, /6b) 

where \ w f  is t h e  wage rate aE labour and 'r* is the rental rate o f i  

c a p i t a l .  

Substituting t h e  above marginal conditions in equation (6a) and 

expressing it in growth-rate form yields5: 

where 

a = share of labour input in the value of output, 

T = share of capital input in the value of output, 

B = s h a r e  of intermediate input in the value of output, and 

Bruno refers to '-bf as the Wtehnnicah regress' term. The 

effect of technical  regress, itself a function of the change in the 

relative price, on total factor productivity (TFP) is seen below, 

The first term on the right hand side of equation (6c)  is the 

growth rate of net output due to primary factors, Labour and 

capital. Let it be denoted by 

See 'Technical Noter for the derivation. 



Equation ( 7 )  brings out t h e  impact of the relative price of 

materials on productivity through its effect on rea l  net ouhput. 

Three such effects can be identified. 

Case 1: t h e  relative price is stable .  N o w ,  

which implies that both net output due to the primary factors and 

the real income, which is t h e  same as VASD, are equal. Hence there 

is no relative-price effect on measured productivity growth. 

Case 2 :  the relative price increases. Now, 

Therefore, VASD is an underestimate of net output. The 

underestimation is proportional to the rate of change of the 

relative price of materials. This by itself can show up as a 

decline in measured pr~ductivity without there actually having been 

a change in the efficiency of production. 

Case 3 :  the relative price decreases. Now, 

In t h i s  situation, we have the opposite of case 2 ,  i.e., VASD 

is an overestimate of net output. This upward bias will show up as 

a productivity increase without any increase in the efficiency of' 

input use. 



The analysis clearly shows that any productivity measua 

derived from VASD when t h e  relative price of materials is changlq 

is biased to the extent that it does not include a correction for 

t h e  change in this relative price. The problem is serious o n l y i f  

the relative price of materials actually does fluctuate. Ths 

relative price, the ratio of the price index of raw materials t o  

that of mamvlfaetures, is graphed in Figure 1. 

Notice t h e  stability in the relative price during the f ift ies ,  

fluctuation without any trend i n  the s i x t i e s ,  EPuctuation around an 

increasing trend in the seventies, and n fluctuation around a 

decreasing trend in t h e  eighties. Therefore, assuming constancy of 

the relative price of r a w  materials for this period would k 

inappropriate and VASD would yield a biased measure o f  real value 

added. 

In the l i g h t  of the behaviour of the relative price of raw 

materials in the Indian economy, as graphed in Figure 1, one would 

expect a negative correlation between the relative price of raw 

materials and T7P derived from VASD. A preliminary test ole the 

hypothesis is conducted using TFP from two well known studies of 

t o t a l  factor productivity growth in Indian manufacturing industry. 

W e  have computed t h e  correlation coefficient between the re lat ive  

price of raw rateri;l,:s am3 the index of TFP given in Goldar (1986) 

and Ahluwalia (1938:. Thass are presented in Table 1. 

Note that t h e  coxrelation coefficient is significant and of 

the expected s ign .  The relationship seems to be stronger during the 

second period. Notice, from Figure 1, that the fluctuation i n  the 

relative price is greater during 1959/60 to 1985/86 than that 

during the period 1952 to 1965. These findings together suggest 



Relative Price of Raw Materials to 
Manufactures (1950-51 = 100) 



Table 1 

Is there a correlation between the relative price af raw 

materials and TFP derived from VASD ? 

A Period ( Correlation coefficient 

Notes and sources: TFP is a translog index. For the first 
period estimates by Goldar and for the second those by 
Ahluualia have been used. 

t h a t  productivity estimates for Indian manufacturing industry need 

to  be adjusted for changes in the relative price of inputs. 6 

Canve~.t ionally,  productivity is measured by the average product of 

a s i n q l e  input, usual ly  labour, over a period of time. It has been 

inzreawingly accepted that technical progress is the result of 

efficiency improvements across-the-board rather than in the use of 

a s i n g l e  input. Therefore the proper measure is the average product 

of a11 inputs. This has been called total factor productivity (TFP) 

or multifaetor product iv i ty .  By definition, 

Goldar discusses  this b i a s  in the single deflation method, 
but  do not make any attempt to adjust the relative price effect.  
See Goldar (1992), p .  15. 



where \Q# = output and 'XN = a weighted index of all inputr, 

The total factor productivity growth (TFPG) is given by the ti# 

derivative of ( 8 )  expressed in growth rats form, 

In order to compute the TFPC then we should express the growth 

rate of output and the growth rate of inputs in observabla 

quantities. This is obtained from the use of production theory and 

optimising behaviour. For t h i s  purpose, we assume a stable 

relationship between output, input and time: 

where \ Q 1  s tands  for output, 'X '  for a vector of 'n9 inputs,  and 

\ t f  for time. The rate of technical  progress, TPPG, is then defined 

as 

TFPG = &lnQ(X, t) ------ 
6 t 

(11) 

Differentiating (10) with  respect t o  t i m e  and expressing it in 

growth rate form, 

dlnQ , dllLYl + 8lnQ(X, t) 
-;iE- - pi- 6 t 



is t h e  8laatfcity of output w i t h  respect to the i t h  input. 

Rom the above w e  have: 

aInQ(X, t) 
n 

TFPG = = 4 - E~A~.--------- 
6 t 112) 

Expression (12) may be used for the measurement of TFPG o n l y  

if output elasticity with respect  to each input is known. But, 

under prof it maximisation, the elasticity of output with Aspect to 

an input is equal to its share in value of output. 

That is, under profit maximisation: 

Therqfore, after substitution, we have: 

where * s i p  i s  the share of the ith input in the value of output. 

Expression (12) can therefore be re-written as: 

n 
TFPG 5 c j  - siki -------- (13) 

- 1-1 

The second term in equation (13) is a Pivisia index. The 

difficulty in using equation ( X 3 )  is that it is applicable only t o  

data generated continuously. But economic data come in discrete 



form. Therefore an approximation to (13) in discrefdeform ir  

needed. The following approximation has been suggested for the use 

of discrete data7: 

Expression (14) is referred to as the Dfvisia-Tornqvist 

approximation for the calculation of TFPG. A l l  the variables in 

equation (14) are observahle and thus TFPE can be calculated. 

The focus of t h i s  study is the importance of correcting for 

changes in input prices when computing TFP, Since w e  are, at th i8  

stage, concerned with Aggregate Manufacturing we would really be 

interested in the relative price of saw materials. It is for this 

reason that w e  graph this relative price in Figure 1, and use the 

same relative price in t h e  exercises reported in Table 1. However, 

t h e  data on the manufacturing sector in the 1ndinn economy {ASf) 

provides only  the annual value of 'material' inputs as a whole. 

Hence for the empirical exercises that follow w e  have used a price 

deflator ( \Pnt ) that combines the price of a13 intermediate inpub, 

produced inputs  and r z v  materials. 

Total factor p r d u e t i v i t y  growth for alternative definitions 

of the real value added in Xndian manufacturing industry has been 

computed using (14). mom the results of this exercise index 

numbers are derived and presented, along' w i t h  t h e  two measures of 

value added, in Table 2. 

' See Chanbers (1988), p. 233. 



Table 2 

Value Added and Total Factor Productivity 

384 .7  I 133.2 4 
Notes and sources: \SDQawd 'BDJ denote whether tFe measure 
has been arrived at by the  s ingle or t h e  double deflation 
methods, respeetivePy. '1973-74' indicates that t h e  weights 
used in t h e  c~nstruction of t h e  raw-material price deflator 
have been derived from input-output statistics for these  
respective yeare. 

S i n c e  this study i~ motivated by the argument that appropriate 

measurement 0% p r o d ~ ~ c t i v i t y  requires commencement from estimates of 

value added adjus ted  for  changes in the relative price of material 

i n p u t s ,  we focus on t h e  difference in estimated productivity 

arrived at by the single-deflation and the double-deflation 

methods, respectively. In particular, these estimates have a 



bearing on an hypothesis  propounded in a widely-received recent 

study of t h e  growth of productivity in ~ndian manufacturing 

industry, ~hluwalia has argued that there has been a turnaround in 

total f actor-productivity growth since 1980, W e  quote: "As the 

rising fiscal def k c i t s  in the eighties created resurgent demand 

conditions, the re-orientation of the policy framework and the 

toning-up of the infrastructure sectors enabled a supply response 

to the r i s ing  demands through productivity improvements.ff8 The 

evidence presented i n  this study provide for a plausible 

explanation of the obsemed phenomenon. That is, w e  are able t o  

confirm a fiwturnaroundl@ in productivity growth when we focus on the 

estimates of TFP derived from the VASD series. In this sense, we 

are able te replicate Ahluwalia8 s finding. The point, however, is 

that what we consider to be a more appropriate measure of real 

value added yields a qui t e  different9 account of productivity 

growth as is confirmed by the statistical exercise reported in 

Table 3. 

This exercise involved a s t o r t i ~ t i c a l ~ ~  test for a change in 

TFP growth since 1980 using the two measures of TPP reported in 

Table 2 ,  Note that these results indicate a higher growth of TFP 

s ince 1980 when VASD is used but not so when VADD is used. 

The input-price deflator used to arrive a t  VADD is based on 

input-output coefficients for the  manufacturing sector of the 

See Ahluwalia (1991), p. 197. 

This possibility had been raised by Lahiri  (1992). 

l 0 T h e  procedure based on the use of dummy variables to t e a t  
for a shift in the slope of the trend equation is identical to that 
used by Ahluwalia. 



Ind i an  economy. In Table 2 the estimates of VADD, and therefore 

Table 3 

Testing for a change in TFP growth 

T = 1970-89, D1 and D2 are dummies that test lor a change in 
t h e  level (\Constantt) and the rate of growth ('Trendt), 
respectively, f o r  the  period post-1980, I, I1 and I11 differ 
in the dependent variable: TFP having been derived from 
different measures of real  value-added. '1': TFP(SD), '11' 
uses weights from the Input-Output for 1973-74 and '111' 
from 1983-84. 

uses coefficients drawn from the transactions table for 1973-74. 

'She sensitivity of t h e  estimates of value-added t o  the input-output 

coef f ic ients  used as weights in the construction of the input-price 

deflator, using the input-output coefficients drawn fromthe Ingut- 

Output Table f a r  1983-84, was now examined. The findings, with 

regard to both VADD and the growth of TFP, remained unchanged. So 

the figures are not reported in the text .  However, the estimated 

TFP was used in the statistical exercise reported in Table 3 .  The 

finding with regard to the absence of an increase in the growth 

rate of TFP when VADD is used is confirmed. 

Our own view of the estimates of TFP provided here is as 

follows. While it: makes a distinct improvement over existing 



estimates, it does in turn require correction for  subs t l tu t i~?  

bias, capacity utilisatian, the fixity of inputs, insrtantaneoh 

adjustment of inputs, and t h e  existence af a mark-up in industry, 

These considerations constitute t h e  next item on our research: 

agenda. 
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Appendix A: Data 

A . 1  T h e  P e r i o d  o f 8 t a d g  

The period of this study was chosen on t h e  basis of the following 

considerations; t h e  data availability and the behaviour af the 

relative price of raw materials, The relative price of raw 

materials,  p lo t t ed  in figure 1, is more or less stable during the 

fifties and sixties. Therefore, the period of study is restricted 

to 1970/71 - 1988/89, the most recent period upto which the data 

was available when we commenced upon the study. The AS1 has not 

published its annual survey for t h e  year 1972/33. For cont inui ty , .  

the values of 1972/73 were estimated as a simple average of figures 

for k971/72 and 1973/74.  

A.  2 Value Added 

Gross value added has been used, In the case of VASD this figure 

has been deflated by the index of the price of output. In the case 

of VADD, the value of inputs is deflated by the price of inputs and 

the resulting value deducted from real output (nominal output 

deflated by the price of output). Thus the computation of VaDD 

requires t w o  pr i ce  indices, those  for the price of output and the 

price of material inputs, respectively. The wholesale price index 

of rnanuf actures (1970!71=100) is treated as the price of output, 

The material price index is a weighted index of the wholesale 

prices of major input groups, the weights having been calculated 

from the matrix of input-output transactions published by the 

Central Statistical Organisation. Inputs were grouped according t o  

the availability of wholesale price i n d i c e s  that could be used to 

represent them most closely. The implied weights were now used t o  

c o n s t r u s t  a weighted average input price. The weights assigned t o  
18 



the wholesale price index for the input groups were as follows: 

- -  . 

% share % share 
'73-74 "3-34 ................................................................. 

'Food articlesR (01) 1.16 1.09 
'Non-food articles8 (02-04) 32.45 18.31 
'Egg,  fish and meatr ( 0 5  t 0 7 )  3.47 3.02 . 
'Logs and timber* ( 0 6 )  1 .48  2.49 
"coal mining0 ( 0 8 )  0.93 2.22 
'Minerals' (09-11) 5 . 7 8  10.64 
'Food productsr (12-13) 4.19 4 . 0 1  
tBeverages and tobaccor f14-15)  0.55 0.42 
ETextilest (16-18) 7.78 9.84 
'Wood and wood productsF ( 2 0 )  1.58 0 . 8 0  
'Paper and paper products' ( 2 2 )  2 . 6 5  2.81 
'Leather and leather products ( 2 4 )  0 . 8 5  0 . 5 5  
'Rubber and rubber products ( 2 5 )  1.53 1.68 
'Mineral oilsJ (26) 1.14 4 . 5 8  
'Chemicals and chemicals productst 128-32) 9.59  11.58 
'Non-metallic min. productsF (33-34) 0 96 1.37 
'Basic metals, alloys & metal pdtsf (35-37)  2 0 . 6 0  18.24 
'Other m i s c .  manfg. industriesF ( 4 4 )  0.27 1,06 
'Electricityr ( 4 6 )  3.03 5.30 
- - - 1 - - - - - - - - - - - - - - - - - - - - - - C - 3 - - - - - - - " 1 1 1 . e ~ - . ~ ~ ~ - - - - - - - - ~ ~ ~ - - - - - - -  

100.00 100,oo 
---"----------------------CC------------------------------------ 

Notes: Figures in parentheses denote the commodity groups in 
t h e  Input-Output Transactions Table. 

The value of outputs and the value of inputs is taken from the 

following sources: %Wages and Productivity in t h e  Organised 

Manufacturing Sector, 1960/61 to 1976/77', Central Statistical 

Organisation (1979), and \Annual survey of Industryf, various 

i s sues .  

The relevant  prices are presented i n  Table A . 1 .  Other 

variables used in t h e  construction of value added, by s ingle  and 

double-deflation methods, are presented in Table A.7. Value added 

is presented in Table 2. 

A.3 Capital Stock 

The es t imat ion  of the cap i ta l  stock is a controversial i s sue  both 

in theory and in practice ,  The issues are very familiar; therefore, 



we do not enter into a discu~sion.'~ W e  follow the  standard 

practice of t h e  perpetual inventory method for the generation o f a  

capital stock and assume, as is widely done, that the sewices of 

capital are proportional to its etcck;, The perpetual-inventom 

method requires an estimate of the capital stock for a bench-mark 

year and estimates of investment in the subsequent periods. As was 

done in ma earlier s tudies ,  especially that of Goldar and 

Ahluwalia, we too have selected 1960 as t h e  bench mark year forthe 

estimation of the replacement coat af f i xed  capital. T h i s  is solely 

due to the availability of data on the book value of fixed capital 

in 1960 for most of the industries for which Hashim and Dadi 11973) 

provide the ra t io  of purchase value to book value (referred t o  a8 

gross-net ratios)  of cap i ta l .  Hashim and Dadi hare estimated these 

gross-net ratios for  fixed capital after analysing the balance 

sheets of about 1000 firms covered by ASX, For our analysis, total  

fixed cap i ta l  (excluding t h e  intangible  assets) were grouped i n t o  

the following: (I) land and improvement of land ( 2 )  building and 

construction, (3)  plafit and aachinery and {4) transport and ather 

fixed assets. The gross-net r a t io  ROF the land is assumed to k 

unity. For the other three groups the ENR i s  taken front Hashim and 

Dad1 (1973, Tab14 f 21. : ) , Hbere LQe gross-net ratf o ia not given by 

Hashlm and Dadi, we have taken it to ba t w i c e  the book value af 

f i xed  capital.12 b & t e r  estimating the  gross value of the fixed 

cap i ta l  at purchase price for the ~actor~l' sector in 1960, the 

lX. ?a excellent survey aP the literature is given in Goldar 
i1386) and i n  Bashfn ak~d Dadi (2973) .  

12Galdczt:  (I6986: provides some evidence why this would be a 
reasonable conversion factor. 

"WLP khs ~recedlttg exercises were undertaken only for the 
Censras sector s i n c e  the breakdcwn of assets (according t o  
catergizziee suck as land, buildings,  etc . )  in the Sample sector was 
not avaiEnbPe to us, The ratio 0% the value of fixed c a p i t a l  a t  



following adjustment was made to account for t h e  age structure of 

the assets.   as him and Dadi provide the gross value of capital 

purchased during the period 1901-1945 and in each remaining year 

u n t i l  1960.  his proportion is'applied to the gross-value of fixed 

capi ta l  i n  3960 to obtain the year-wise value of fixed 'cnp$tal 

bought in the past. To adjust for age-structure, the estimate for 

each year is then inflated using the current-to-purchase price 

ratios given i n  Hashim and aadi14 to obtain the gross value of 

f ixed capital at replacement cost in 1960 prices. 

The Investment figures were obtained using the formula: 

where *BN is the bonk value of the fixed capital ,  *Dt is 

depreciation,  and \RF is an appropriate deflator for fixed capital ,  

For ' E v e  have used the wholesale price index of machines and 

machine tools (base 1960-61=100). ~he,capital stock at any year is 

then calculated as fallows: 

where \ I t r i s  investment in year It' in 1960 prices and % K O r  is the  

capital stock in the bench mark year in 1960 prices. 

However there was a problem 0 5  calculating the capital stock 

in the manufacturing sector per se. Recall that *Manufacturing0 is 

replacement cost to its book value in 1960 ( 2 . 4 2 )  was used to 
arrive at an estimate of fixed capital  at replacement cost in t h i s  , 
sector. The figures for the Census and Sample sectors were 
aggregated to arrive at t h e  figure for the Factory sector. 



\All Industr ie s '  minus '~lectricity, G a s  and Steam'. Given ow 

choice of the benchmark year as 1960, in order to arrive a t  tho  

c a p i t a l  stock in 1970, we require data on the value of f ixed 

cap i ta l  in 'Electricity, Gas and Steam' for the period 1960161 - 
L969,/71).  his information is available for the census sector but 

not t h e  sample sector. Therefore the fixed capital in the 

mp.nu?ai:Suriflq sector during the! period includes t h e  f ixed capital 

of the firms' in th qElectrickty, Gas and Steamf segment of the 

sample sector. There is hardly any firm producing electricity I n  

sample sector. But there exist firms in t h e  sample sector producing 

gas and steam. As a r e s u l t ,  our estimate of investment in tho 

manufacturing sector during the period 1960-61 to 1969-70 would be 

an overestimate. However, we do not consider this to be a serious 

problem. 

Data used at various stages in the calculation of the capital 

stock series are presented in Tables A . 2  to A.6 .  Sources: Book 

value of c a p i t a l  - 'Wages and Productivity i n  the Organfsed 

Manufacturing Sector, 1960 JQ1 to 1976/77 ' , Central Statistical 

Organisation (1979), and *Annual Survey of Industryv, various 

i s sues ;  index of the price of machinery and machine tools -'India 

Data Basef and 'Index riumbers of wholesale prices', Ministry of 

Industry. 

A.4 Labour 

T o t a l  employment is used. The &ata is presented in Table A.7, 

Sources : Wages and Productivity i n  the Organised Manufacturing 

Sector, 1360/ El to 1976/77 ' , Central Statistical Organisation 

(1979) , and #Annual Survey of f ndustry* , various issues. 



A.5 Factor ahaxes 

Mote that the use of (141, the Divisia-Tornqvist approximation t o  

t o t a l  factor productivity growth, requires knowledge of the share 

of each primaxy factor in the value added. For VASD, the ahare of 

t o t a l  emoLuments in the value added fa taken as the share of wages. 

But for VADD, the share is defined ae t h e  ratio of real emolumente 

to VADD, Assuming constant returns t o  scale, the capital ~ihare is 

got am one minus the share of wages. 



Appendix B: Technical Note 

where: 

where ct = shaze of wages i n  t h e  Jalue of output and 

f3 =L sharc of irarermned3,ato inputs in the vaLua o f  output. 

Similarly, we can oh6v that 

whore r is the share of capital in the value of output. 
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Table A . 1  

Year 

1950-51 
1951-52 
1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
3963-64 
1964-65 
1965-68 
1966-67 
196"d-68 
1968-69 
1969-7Q 
1970-71 
I97 1-7 2 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 

Index of 
Manufacturing 

Prices 

4 6 . 9  
57 a 4 
47.1 
49.1 
4 6 . 0  
4 4 . 6  
4 9 . 1  
51.3 
5 2 . 0  
53.9 
5 8 , 5  
6 0 . 5  
6 2 . 7  
65.5 
69,l 
? 2 . 7  
80.8 
91.8 
92.8 
92.0 
98.0 
108.4 
119.0 
139.5 
168.8 
171.2 
175.2 
179.2 
179.5 
215.8 
257.3 
2 7 0 . 6  
272.1 
2 9 5 . 8  
319.5 
3 4 2 . 6  
3 5 9 . 4  
3 8 4 . 4  
4 1 4 . 4  

Index of 
Raw Material 

Prices 

4 3 . 8  
53 2 
4 4  2 
45.5 
4 2 . 4  
39.1 
4 5 . 8  
4 8 . 7  
4 8 . 0  
49.0 
54.1 
56.3 
54.1 
54.7 
60.9 
68.5 
79.1 
8 4 . 1  
83.1 
9 3 . 3  
98.8 
101.6 
104.4 
154.7 
198.3 

Relative 
Price of Raw 
Material 

(1950-51=100) 

100.00 
9 9 . 2 4  - 

100 .48  
99.23 
9 8 . 7 0  
93 .87  
99.88 
101.65 

98.84 
97.34 
99.02 
99 .64  
9 2 . 3 9  
8 9 . 4 2  
94 .37  
100.89 
104.82 
98.10 
95.89 
108.59 
107.95 
100.36 
9 3 . 9 4  
118.74 
125.79 

183.3 
190.6 
218.8 
215.4  
2 7 2 . 8  

337.14 
370.57  
366 .75  
385.39 
419.62 
401.55 
4 0 9 . 4 8  
4 4 6 . 2 7  
4 4 9 . 2 3  

114.65 
116.49 
130.74 
128.49 
135.36 
140.30 
146.64 
144,33 
139.51 
140.63 
125.50 
122 0 0  
124.31 
116.08 



Table 54.2 
Book value of fixad assets in manufacturing industry, 1960 (in 

Rupees) 

G W ,  mirg, ete* - 
w 

w d  ww 
mmiture & Flxhrre 
- 6 t - w  
Prixithg 
Tanrerim 
IhrbberE4-- 

V q 3 2 b l e o a . B  
P;lints, v-,*. 
Hisz. Phar&aml. 
Wzrdmn r e f h i e 3  
h. Fa.mlam RwfkKze 
Br* & Ti les  
G h s s - u x w  
a l h n c l a y w  
mlFnk 
HFsc. -Lit Min. m-, 
I rm&zte l  
N J r f m  B&JZ W j L  
wmdEt3 
-icd-y 
~ i c a l ~  

ard -. Fh13m 
Railway BUiq S.&k 
war whick 
& p . i r o f ~ W ~  
*Cur : lea&Biqcles  
mfilcture of W d f t  
Surgm mnmmtn 
Survey 1.- 
watdwr ard c l h  

----- 



Table A.3 
Gross-net ratios (GNR) for components of 

Fixed Capital ,  1960, A 8 1  (3-digit level) 

7--- 

Flour ,  Rice L Dal Hills 
Sakery P r o & ~ c t a  
sugar & Gur 
Cocoa, Chocolate, etc 
XiacslHaneoue Food 
AicohoP & Spirit 
K i n e  
Td?acco 
Textiles 
XnFttinq Hills 
Rope t Xvriae 
Ginning, Pressing, etc .  
$rood 
Woorlen F r o ~ u c t s  
7ur::iture & Fix ture  
Paper t Paper Praducta 
: ' f i r t ir ig 
Tanneriee 
iiubbcr L Rubber Products 
ChzmFcale 
Vcgerahle Oils 
Paints, Yarniehe8,etc. 
Hias. Phar & Chem. Prdta 
?stroleurn safineriea 
B~ieka f T i l e s  
Glaen wares 
China Clay wares 
Cement 
Mis.non metal mineral pdt. 
Iron &I Steel 
Non ferrous basic  metal 
Metal Producte 
Non-electrical Machinery 
Electrical Machinery 
Shipe and Boat bui ld ings  
Railway Rolling Stock 
Hotor Vehicles 
Repair o f  Motor Vehicle8 
Motor Cycles h Bicycle8 

Hashim and Dadi (1973) ,  Tab 

Building 

, Construct ion 

1.3781 
1.1682 

roee-Net: Ratio 

P l a n t  

Machinery 

I 
1.l620 
2.2164 
1.8693 
1.9630 
2.4021 
1.7923 
1.9800 
2.3190 
2 7241 
2 5013 
2 , 6 6 4 7  
1.5961 
1 .4751  
1.2399 
1.6906 
2.3460 
2.8512 
1.7 3.00 
1.5302 
2.4827 
2.60a3 
1. B l S B  
1.4973 
2.2284 
1.5283 
2.1617 
1.7122 
2.5093 
1 .5777  
1.8871 
2 .0077  
1.5564 
2.0392 
3.. 4676 
2.9872 
1.6B4C 
2.233.4 
i .dl59 

Other 
Equipment e 



Table A * 3 . 1  

QNR for indurtrias not csvarad 
by Hashin and D r d i  

366 
292-1 
202-2 
243 
236 
215 
24P 
253-1 
259-2 
329 
391-1 
391-2.1 and 391-2.3 
391-3 
391-4 
392-4 
393 
394-1 
394-2 
399-3 
399-4 
399-5  
399-6 
399-7 
399-8 
39 4-10 
399-11 
399-12 
399-14 
399-15 
399-16 

- 
I ndu 6 tries - 

Manufacture of Akrern ft 
Milk and 
nLl k product a 
can. & Proaer. of bruite 
Can. & Preser. of fiah 
Brewer les 
nanf . of footwear 
General wood working 
cork & wood products 
Niec. Petrelourn products 
Surgical instrt~rnont B 

Xeaeuring deviuee 
S c i e n t i f  ie inatrumonta 
Math. sarvey, drawing Lnstr 
Photographic i n n t r u m n t s  
Watchea, clock8 
Jewellery 
Mints  
Pencil and pencil making 
Fountain pcrl 

Button making 
Ice making 
Plastic moulded goode 
Celluloiri  articles 
Brooms & bruahes 
G a m e s  & sports gooda 
Toy manufacturing 
Wrapping :tern8 
Bone cruoh~ng 
Skate & s l a t e  product. 

I 
I GHR ueed 

, Same am for 389 
Average of 205 to 209 

a 
II 

hverage of 2 1 1  and 212 
Double t h e  book value 
Average of 2 5 1  and 252 

I I 

Same sa for 321 
Same as for 399 

11 

11 

I 

11 

* 
a 

rn 

II 

11 

m 

11 

R 

W 

I 

m 

II 

I 

* 
rn 



Table A. 4 

Age Composition of Gross Fixed AmaaCa in 1960 
( A t  current prices) 

Source: Haskim dnd Da3i {1972), Table 111.4. 

. 

Year of 
Purchaae 

1301-45 
194  6 
3927 

1955 1154408 
1347734 
1603320 
1733809 
1911713 
1704368 

~xoss rixsd . 
Asset  e 

(Rs.Lakha) 

6479052 
833586 
769140 

23127254 100 

4.99 
5 . 8 3  
6 . 3 3  
3 50 
8.27 
7 . 3 7  

1.222 
1.152 
1.120 
1.120 
1.100 
1.000 

Percentage 
Share 

--- 
20.05 

3.60 
3 .33  

3945 679592 

current-ta- 
Purchase 

P r i c e  Ratio 

2.814 
1.658 
1.513 

2.94 
3 67 
3.69 
2 . 5 0  
3 . 7 5  
3.62 
4.00 

1943 
1950 
1951 
1952 
1353 
I954 

1,235 
1.222 
1.210 
1.017 
1.163 
1.222 
1.2 10 

848529  
854359 
577631 
866502 
837383 
926128 



Tabla l l r 5  

rndustries included under each 3-dLgit clanffL#h@CL.l! 

AS I 
No. 

205 
206 
207 
20& 
209 
2 11, 
212 
2 2 0  
231 
232 
233 
239 
251 
252 
2 60 
2 T 1 
280 
2 9 1 

Induatry 

--- 
Flour, R i c e  & Dal H i l l s  
Bakery Producte 
Sugar and Gur 
Coca, Chocolate, etc 
Miacsllaneoua Food 
alcohol and Spir i t  
Wine 
Tobacco 
Textiles 
K n i t t i n g  Mills 
Rope end Twine 
G i n n i n g ,  Preeeing, ete. 
Wood 
Wooden Produeta 
Furniture and Fixture 
Paper and Paper Products 
P r i n t i n g  
Tanner l ea  
Rubber and Rubber Products 
C h e r n i c a l ~  

Vegetable Oil= 
Paints ,  varni~hes,ete. 
Misc .  Pharm & chem. Pdte. 
Petroleum Refineriee 
B r i c k e  and T i l e a  
C laes-uaree 
China Clay   ware^ 
Cement 
Hiac .  non-metallic 
Mineral Produeta 
Iron and steel 
Non-ferrous basic metal 
Hetak Producta 
Non-electrical Machinery 

' 

ASf NR@r 

205-1, 205-Zr 205-3 
21115 
207-1, 201-2 
208 
209-2 to 209-10 
2 11 
212 
220-1 ko 220-6 
231-1 ta 231-9 
232 
233 
239-2 to 239-9 
251-1* 251-2 
252  
260-1,  260-2,  260-3 
271-1 to 271-7 
280-1, 280-2 
29 L 
300-1 to 300-4 
311-1.11 311-1.3, 311-2. 1,  
311-2.2, 311-3 to 311-10 
312-1 
313 
319-1 to 319-12 
321 
331-1 to 333-4 
332-1 to 332-5 
333 -1  to 333-3 
334 
339-1, 339-2 
339-5 to 339-8 
341-1 to 341-5 
342 
350-1 to 350-14 
360-1, 360-3" 360-3 
360-9, 360-10r 360-12 
360-13 I 

360-4.1 to 4.9 
360-4.12 to 4.14 
360-5.1, 360-5.2, 360-5.4 
360-5.6* 360-S.& 
360-5.10 to 5.14 
360-6.1, 6 . 2  
360-8.1, 8.2 
360-11.1 to 11.3, 11.5. 11.6 

300 
3 11 

352 
313 
319 
321 
351 
332 
3 3 3 
334 
339 

3 4 1  
342 
3 50 
3 60 



Table A.5  (contd . )  

AS1  
No 

3 7 0  

381 
382 
383 
384 
385 

Induetry 

Electrical Machinery 

ShLpe and Boat buildinge 
Railway Rolling Stack 
Motor Vehiclee 
Repair of Motor Vehicles 
Motor Cycles and Bicycles 

AS1 Nos. 

370-1.1 to 1 . 4 ,  370-1.6 
370-1.9 to 1.11 
370-2.1 to 2.4 
370-4 
381-1, 381-2 
382-1 to 392-3 
383 
384 
385 



Table A.6 



Table A. 7 

Year 

1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
3988-89 

Value of 
Output 

(Rs-Lakhs) 

1302632 
1449061 
1637475 
1825888 
2448358 
2769203 
3344162 
3588004 
4067250 
4832928 
5616303 
6717250 
7849696 
8399371. 
9604910 
10930676 
11894210 
13770200 
16666700 

Material 
Inputs 

(Rs,Lakhs) 

968776 
1081837 
12 16719 
1351601 
1824969 
2127180 
2415150 
2787639 
3136337 
3758016 
4 4 2 3 5 6 9  
5333348 
6249109 
648B792 
7478506 
8568656  
9410586 
10864200 
13108200 

Emolu- 
ments 

[Rs-Lakhs) 

155389 
1 7 4 5 4 2  
198203 
221864 
270708 
302761 

No. of 
Employees 

4803554 
4996336 
5071072 
5145807 
5412872 
5667666 

Capital 
Stock 

(Rs. Lakhs) 

854588 
885061 
926690 
972734 
1010507 
1064443 
1166529 
1235754 
1310401 
1402652 
1509028 
1592076 
1701279 
1817783 
2993024 
2119908 
2257336  
2518362 
2760492 

314606 5871150 

I 357585 6227813 
394662 6373477 
466888 
5 2 3 3 4 4  
577781 
685477 
783192 
899039 
925113 
996984 
1157700 
1280900 

6816864 
6811204 
6864347 
7042930 
6791375 
6773638 
6393475 
6432633 
6708000 
6 7 3 0 0 0 0  
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