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ABSTRACT (within 250 words)
The purpose of the study is to (a) exemine the degree _of
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qubstl‘rutablll‘ry between lebour and cepitel, (b) estimate
retdrrs,to cale..{c) . compute . Fha . feptors. .merginal .produ-
ctivities end relative contribution to output and to (¢) test the
p].:“e‘d.J...C:t‘:L*',. gbility of the estimated, reletiqushin,....lhese

obaectlves are pursued with the eid of ennusl time series data
for the pericd, 1946 to, 15664, ..Both .inter-ragionel. end. inter-
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temporal comperisons bave been attempted. The multiple
rxegrnassdon. tachnique s appliei.to -veriove -fOrma - of ‘the prcductio:
functions. It is found thet the elassticity of factor substi-
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tutien is unity irn the Indien Suger Industry. It hes exmnerienced
1ncrea51ng returng.to, .sealg... bebour. s .a. factan . of. productiorn

is more important both in terms of merginel productivity and
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contribution to the output end it is more efficient in all-
“'...‘.“Jll&l.-b‘ll.‘.l.l....-y‘tcllll.&.l.ll‘l-rl‘.....‘ll.l.'ll.

India twan in Utter Pradesh and Lihar erd more in Biher then
in Uttar Irgdesh. ALl these.lindings.imply. . .that . .thans.is =

sane s se v e e CRC U a

good scope for employment of more lebour anéd the expension of
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sugar industry in Indisa The p=zper suggestﬂ that the output
of a manufacturikg 1ndustrv can reesonebly be iorecastnd
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Production Function in Indian Sugar Industry

by
GsSe Gupts =nd Kirit Patel#

Suger induftey’ £ ol of the very importsant industries in Indis.
Its importonce is in terms of the investment of country's scerce re-
sourceg in it, magritude of sugsr production ss proportion to world
.. gugnr production, sugesr export from Indis, government controls in
this industry, snd so on. 4 study of the economics of this industry
will therefore be highly useful, The prasent psper mskes »n sttempt
in this direction. To be speeific, the psper purports to:

() ex=mine the degree of fegtor subdpitutebility mud thus
to see if the sc-rce copitel could-ba economized in this
_industry; T

(b) - estimate reﬁurns to'‘seele and thus to conclude =g to
© whether thé industfy should be expsnded or not;

(¢) compute factors! marginsl productivities to infer which
© factor should be encoursged more in industry's expansion;

(@) compute factors! relstive contribution to find out whst
hss contributed snd by how much to output growth, =nd

(e) forecast output of sugsr industry to sce if supply of =n
industrisl product eould be forccasted through the pro-
duction function estimetion.

These objectives sre pursued with the help of snmsl time-serics
d-te for ths period 1946 tc 1966, the lrst yeer for which =11 the
required deta sre -availsble. Both inter-regione=l »nd inter-temporel
comperiscns heve been sttempted. The former is earried through the
study of the production function end nroductivity trends sap arstely
for sll-Indis (=11 ststes), snd for Uttsr Pradesh end Biher regions.
The lstter comparisdn is nétempted through the study of the subject-
metter of this peper sepsrstely for the whole sample periog, 1946-66,
ond for its two sub-periods, i.e. 1946-1958 snd 1959-1968,° dlthough
this kind of work exists in th: litersture but it is either out-dsted
or/ snd subject to correctsble imperfections. For exsmple, Sestry's

* The suthors sre Profe,ssof of Beonomics s»nd Rese areh Assistent in
Economics, respectively -t the Indisn Institute. of M~nagement,

Mmedsbad.



work. is brsed ¢n dat» for the period 1951 to 1961, while Murti =nd
‘spstr§'s work uses cross-section dete in nominsl terms for 1951 ~nd
1952,° ‘The results of our study =re expected to be useful for -11
those responsible for the msnagement snd control of the Indien suger
industry. '

i

Specific ~tion of'Prbduction Function

The producticn function expresses the technological or enginece-
ring relstionship betwesn various inputs snd outsut. Output of =n
irdustry is = positive functiosn of the gusntitles of 1snd, l=bour
snd cepitsl, snd of orgsnisstion =nd technicel progress. However, in
» mooufacturing industry like suger, ls=nd usually does not pose .rny
constreint for output expsnsion, for its requirement in relation to
other fsctors .of production is insignific-nt and it is usuelly =
fixed frctor of nroduction or thot its quantity c=nnot be incre esed
significsntly. Similsrly, in - tim:-series study, which this p=per
purports to meke, orgenisation cesses to explein veristion in output,
for it does not chenge. Thus, the relevsnt production funmction for
s time series study of suger industry in its unspecified form is of
the following types '

0, = ¢ (Ly, Kg» T) ¢ = TE : (1)
where Otl = output in period t

Ly = lsbour input in period t

K, = fixed cmite=l input in period t©

T = technicel progress verisble

t = time subscript. '

Verisbles snd Their Me ssurcments: .Theoretically, » produetisn
Tunction rel-tes sn output in resl terms to its inputs in re=l terms.
Furthermore, it expresses output in period t as o functicn Of.lnputs
of lsbour snd cmpitsl servieces,; =nd of the level of *.:,echnologlc al

- progress eveilsble in period t. Thus, it is 2 relstionship between .
flow veriebles, ns Aistinguished from stock varisbles. Thus, the
ostimstion of function (1) requires » méagure of ench of‘the-flow

of finsl output, lsbour.snd of capitsl, =nd of technologic al Drogresss

Output is messured #s » flow of goods snd services during en
eccounting period. It is meesured either in terms of velue aided



4(?;!'._‘,9111'9\1‘0) or gross output. The two mesgures differ by rey-materisls
and other intermediste goods. If output is mes=sured in terms of gross output,

rew-materisls, fuels ond similer intermediste goods become sn ensther
input verisble in the production function,

Although p

inputs end outputs for” 7 etonomy, ss = whole, they doc not c-ncel
within en industry. This srgues £or the ree of gross output ingte =d
of velue added end for use of rsy-msterisls, etc. sg e factor of
pgPduction in sur studv. However, such » use renders other fectors
-of production, viz. lsbour =nd Cepitsl, as insignificsnt determinants
of output in empiricsl studies. Furthermors, if the coefcicient of
raw-meteriels, stc. verisble is not significsntly different from
unity in the production function, the cholee between tuyo functiong,
nemely net output -c = functin of Tebowr, erpitsal ond technology, rnd
rey-materisls, 2tc., is imsteris1.4 In order to dseide in fsvour

of omne of thoge functions, we heve examined the velue of the regre-
ssion coefficient of rew~meterisls, etc. under the following partisl

w-netocielg and other intermediste goods concel =g

specific ations . -
b ’ .
y = aR - (2)

where y = g3ross output of suger snd its by-products st
, const=nt prices .

R .= ray-msteri-ls, fuels, etc. st constent prices
a and b sre nar-meters.

The regression results of functicn (2) are presented in Teble 1?

In Teble 1 e=nd in =1l other tsbles R? denstes the coefficient
of determinstion, »nd DW, the Durbin-Watson st-tistie., Numbers in
prarentheses un?lerns-~th ner-meters »re the correspeniing t-velues.
The t-velues for co:fficient b in Tsble 1 »nd coefficiert by, in
Tsble 3 correshond o the hypotheses thet b = 1, =nd by = 1, respa-
ctively; =11 >thsr t-velues throushout thig neper corres-ond to
the hypothesis of zers coefficient. One-ster (%) throughout this
pe=per me=ns thrt the corrcsponding coefficient is signific-ntly Aiff-
erent from sne or zzro, ss the c=se m-y be, by the t-test =t the
5 per cent levsl of significonce. These various ststistics -are
noted down for zech rczression cqustion =nd their brief intergretstion
is =ttempted st =anropriste ple=ces.

The results in Toble 1 in?icete that the coefficiznt of
rey-meoterislg, ete., i.e. b, is close to unity in =11 the nine re-
gressions =nd thet this coefficient is not significently Aifferent
from unity in eisht of these e~u-~tions. Furthermo-s, more then



95 per cent of varistion in gross output is expl=ined by varistions
in rew-msterials etc. elone. These results lssd us to select the value -
;dded concept of output end relste it with lsbour, cspitsl and techno-
ogy-

Lapour ‘input in reel term is me=sured either in terms of the
number of persons or the job or the number of men-hours worked during
» periods If lsbour is messured =s the number of persons on the job,
it is not me-~sured as = flow but as e stock in existence st » point
of time, or aver=aged over seversl points within an sccounting period.
Leabour meesured in terms of men-hours is » flow v-rieble, =nd thas it
is in the seome dimensions ss output, Thus, we prefer the s=cond messu-
re to the first messure.

Capitel is = stock verisble but for production function we reslly
need its flow concept. Thus, we need » me=gure of cepit=l services.
In gome cagzes it may be possible to messurs cepite=l concumption or -
mechine hours as estinstes of input flows, but gersr-ily this is not
t e cege, If the cpiisl stock were utiliged st » congtsr®’ rate thr-
oughout the semple period, one conld reesonsbly use ¢spitsl stock =g =-n
input ¥sriedls, for in thet cege capitsal services would be proportion-
sl to cplital stock. Since ¢-plt=l utilisgstion rete hag not been cone~
st-nt in Indien suger industry, we cannot use c-pitel stock »s = mengure
of c=pitel Imput in our production Function. We need to correct this
verisble by multiplying it by cspecity utiligsetion factor ( ). Thus,
we heve used K(K') ss copitel input in our production function.
Since dnta on capreity utilisetion in Indien suger industry ere not
published, we heve computed this on the besis of sctusl men-hours wor- -
ked per worker ss = frection of the meximum men-hours worked per wor-
ker in -~ny yeer during the whole semple period.

-~ The technicsal progress in time-series studies is ususally measured
by time varisble and there is mo prectic-l elternstive to this. We
hsve, therefor:, used time szriablel_('l') ag = measure of technicsl
progress. ' : K

Form of the Production Function: There sre five different forms of

production function in the litsrsture; Leontisf (fixed coefficients),
linesr, Cobb~Douzlag (Double-log), constent elssticity of substitution
{CTS) =nd verisble elesticity of substifution (VES) production
functions, The Leontief function mssumes were elssticity of substituti
between fectors of production, the lineer function sesumes fectors to
be perfect substitutes, »nd the Cobb-Dougles function hes » unitery
elngticity of fectors!' substitution. The CES snd VES fumctions do



- ) K © 2 = b
. " Regression Coefficient
X 2 :
Region  pomaog (#nd_t-ratio) R U
: log n b
AL1- 1946-66 0.40 1.01 0.9934 1.78
Indina (4.73) (0.53)
1946-58 0.62 . 0.95 0.9322 2.91
(5.87) (2.00)
1959-66 2.10 1.07 0.9726 1.46
(0.27) (0.96)
Utter 1946-66 0.58 0.96 .9847 2.25
Pradesh (6.88) (1.8)
1946-58 0.59 0.95 .9793 2.09
(3.94) (1.2)
195986 0.70 0.93 9884 2.88
Biher 1945-66 0.75 .89 .9712 2.01
(8.37) (3.1) *
1946-58 0.66 0.93 .9769 2.20
1959-66 0,87 - 0.91 L9564 1,87
(3.08) (1.1)

Note: # indicstes thei the corresponding coefficient is
signific-ntly di“ferent from unity by the two-t-il
t-tzst ot 5% level.



. not msgume any specific velue for the elesticity of substitution but
ps their n=mes im2ly, the former tokés this elssticity »s = constant
while the letier =sllows it to very. Thus, the form of the productiol
function is dztermined by the elesticity of fector substitution,

The elrgticity 27 foctor substitution is » messure of the case
with shich the varyinz fector crn be substituted for others.® In
prsctioe, fectors of production are substituteg but this relstionshi
"ig f=r from perfect. Thls rules out the Leontief snd thé linesr
forms of thé productisn function., In order to choose one from the
remsining three £3rms,; >ne needs to conduct certe=in tests. In the
" first plece, we nsed to exsmmine ns to whether the s=id elesticity
verisble or constent in the industry uader study. To d= this, we
heve estimeted ths f3llowing function:

"1 (@bl (%5 ¢y ed-lT - ()

value sdded st constant prices

!

where

1]

rmumber of man-h>urg by workers

= oo i
"

= reel woges

K= cqpital stock =djusted for cepwecity
unilisstisn st conste=nt prices

T = time verisble
snd =, b, c, end &, »pre perameters.

In %his functisn, the elsstizity of factor substitution (8)1
given by - -

_ . ® (4)
& = L

- +

. 1-ec, (1 i-‘K"")

where w = wsge rats pzr msh-hour
and r = c=itsl rent-l.

Punction (3) e¢»n be ostimsted by the Ordinery Lerst Jqusres (oL8
nethod sfter log trensformstion, This fumetion wes egtimeted
the Indisn sug=r iniustry. The time verisble, in gener=l, w=s
found to be ingignificent; »ll the results without time v-riedls
reported in Teble Z.
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Table 23 Varipbls Elegticity of Fector Subgtitution:

y ‘ .

o ; = t_uL
Iee, Zl*"FKT‘ )

Function: ¥V = w.b, K °©
o F 2 (L-) l’ (E) 1
Semple . Regression Goefficient
Region % - (snd t—;ntio) 2 o
» ‘ ve 91 1 01
i~ 1946-66 " 0.61 Q.26  0.34 L7558 2.14
Indie - (0.80)  (0.75) (6.32)*
1946-58 1.29 0.16  0.22 2734 2,33
(0.48)  (C.36) (1.84)%
1959-68 1.18 -.01  0.65 . 6900 1.23
(0.27) (.013) (R.33)*
Uttar  1946-66 -1.24 0.62  0.20 .5732 2.06
Pradesh (1.21) (3.82)* (2.84) %
1946-58 -1.44 0.65 .0.20 .5203 2,12
(1.04)  (3s11) * (0.75) :
1959-66  0.92 . 0.20  0.17  .3300  1.96
(0.31): (0.53) (0.74) c
Bihar  1946-6€ -1.55 0.64 - 0.14 .2483 2.02
- (0.71)  (21.88)* (1.62)
1948-58 . -2.22 0.56 0,43 .2050 1.62
(0.68) (1.34) (0.88).
1959-65 -3.52- 1.11 -0.028 . 2835 2.7

(0.72)  (1.31) (0.09)

Note: #* indicst:s thst the corresponding coefficient is
signific ~-ntly different from 29ro by the oSne-t-il
t-test -t 5% level,



It will be seen in Teble 2 that only in one out of the nine
equsations, both the non-intercept coefficients sre significsntly
different from zero. This mcans th=t only in one out of the nine
squstions, Hdiffers from zerc or by (s constont), for if b1=0,<§=6
and if ¢, =0,§=b, (vide equstion'4). This finding, thus, clesrly
rules ou% the poss%bility of = varisble elasticity of fector subs-
titution in the India=n cement industry. Furthermorz, it suggests
thet this elesticity in cithee zero or some. other const-nt.

% zerd elssticity >f substitutisn betwcan leborr and cepitsl
is inconceiveble. In orfer to exsmine the velue of the constent
eleosticity of fecter substitution in suger industry, we fitted the
following functian; )

¥ b2 . ~ 5
\ir = "2 (L) qub ) ( )

In this functiané: b2.8 Agsin the inclusion of trend werisble wss
found to be unwsrrented. The estimstisn results of equetinn (5)
without trend verisble rrc provided in Tsble 3.

The regression results in Teble 3 indicate that in ndne of the
nine fitted equetdnons, the elsagticity of substitution coefficient
(b2) is siznificently Aifferent from unity. A further exsminstion of
the b. coefficients would indicste thet 211 the nine but one ere
signi?iCnntly different from zero. These findings suzgest th-t the
elssticity of substituti.n between lebour =nd cepitsl is unity in
the Indi=n suger industry., This,-in turn, mesns thst the eppropriste
form of the productiln function under study is the Cobb-Douglses one.

Egtimaticn of Productisn Funetion

The rclationshiy betw en inputs and output verisbles in the
Cobb-Dougles form is usually exnressed in the following form:

o B d 6
v=atipf 01 ‘ (6)

Where constsnts q=n! § sre respective input elssticities of
output end 3 is the creificient of neutrs=l technicel srogress; V is
velue nsdied, L is man-hours worked, K' is Tixe? capital »=3justed for
capacity utiligation »nd T is tren? v-risble; and'e~ is n-tursl exponent.



Teble 3: Constant Tlssticity of Fector Substitution:bs

W b
o (12
2 (L)

I,

Punction: g

Regression Coefficient

R Sﬂm,sle .
Region Porisd - {snd t-rotio) R2 oW
o8 nz —b2 ’
a1l- 1946-66 ~-2,41 1.23 .2130 1.22
Indis (1.81) (0.42)
194658 1.41 '0.27 .027 1.81
(Q.47) (1.51)
(1.06) (0.47)
Uttar 1946-68 -0.92 " 0.85 . 3811 1.36.
Pradesh (0.77) (1.84} .
1946258  ~1.0% 0.66 . 4930 1,92
" (0.85) (1.68) . ‘
E ] R .
195966 0420 0.55 .2587 1.75
(0.08) (117
}ihsr 1946-66 =0.79 0.83 W14 1.68
(0.38) (1.03) - - :
1916-58 =054 0.56 W12 1445
& " (0.17) (1.08)
(0.82) (0. 10)

Note: Wre numbers in perentheses sre t-velues correspinding to
hyootheses th-t log =0 »nd b2=1.

¥
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Function (68) wes >stimeted uging OLS method for #11-Indis,
Utter Predesh and Bihor sepsrstely for the whole semple period
(1946-1968), eni its twe sub-period, i.z, 1546-1958 and 1952-15%36,
Busiriesl r-sults with>ut techpicsl nrogress veorisble (T) were pre-
fersble to those with neutrel technicsl oraogress veriasble, The former
results sre presented in Tseble %,

The estimetion results in Table 4. rre encouraging. As expected,
exponents of both lebour -nd esnitsl inutsg sssume = pogitive velue
in =11 the nine regressions. Furthermore, ten sut of » tot-l of 18
such coefficients sre signific-ntly Jifferent from zero st the 5 per
cent level of signific-nce by~ e one-t-~il t-test. The vslue of the
coefficient of 3Yeterminstion (R®) veries between » low of 0.5674 for
Biher!s »nroduction function during 1945-1958 =nl = high of 0.0714 for
production in =11-Indis ‘uring.1359-1056, It is interesting to note
th=t the lsbour and adjusted c-pitel inputs explein = very high degree
of varistion in velue s?ded in =ll-Indis. The Durbin-Y=tson (DW)
stetistic generslly sssumzs e vslue yhich rules osut the pregence of
the first-degree autocsrrélstion in six of ‘these nine equetions and
it is inconclusive for the remeining threc equstions, viz., all-Indis
1359-1063, Biher 1945-1233, snd Biher 1946-1958.

dnalysis end 8p>licstion. of Egtimsted Production Function

- 'The estimste? oroductin functiosns -ss renorted in Teble 4 cen
be usei to comyute, if nocessery, -nd snslyse (s) factors' elestieix
ties of osutput s=nd roturns to sc-le, (b) fectors' marginel produc-
tivities, (¢) ecach factor's relstive contribution t> mesn output, and
(d) forecssts of vsluz slled by sugsr industry. %11 this is sttempte:d
in this section.

Elasticitieg of Qutout_-ni Feturng. to Serle: In = double-l-g (Cobb-
Douglseg) functich, elasticities sre constents over the semple period
end they ere given “ir:ctly by the resrzssisn coefficients. Thas,

the estimeted veolues of sre the corrssHonding lebour (men=hours)
elasticities of output (velue =added) =nl those of sre the corres-
soriding- espitel (nijusted for cepecity utilisstion) elasticities of
output (velue slded). The lsbour elasticity of production in Table 4
veries Yetween » low >f 0.34 ir Uttsr Pradesh during 1946-58 =nd =
high of 1.41 in all-India &uring 1950-1965. The cspitel elasticity of
Juiout fluctuetes betwein » low of 0.12 in Biher Auring 1945-1365 =nd
» high of 0.50 »lso in 3iher “uring 1959-183. 3s cxpecteds lebour
elssticity is zenerslly grester then the cormesponding cenitel eleagti-
city; only in one out of nine csses, i.e. Bihsr during 1245-1358, the
opposite is true,
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Table 43 Production Function V = a4 L% ki P

i} Semple egraggion Cocfficient
Reglon  pering %Jg Y 2 B a+R R D
al- 1945-65  -1.32  0.91 0.25 1.20  .337% 1.95
Indin (2.32) (2.38)% (3.3R2)
1948-58. =-1.79- 0.92  0.23  1.15 .8402  2.27
: (2.52) (1.88)* (0.20)
1959-685  =5.33  1.41 0.45  1.86.. 9714 1.32
(4.82) » (5,18) % (4.26) *
Utter  1946-88  0.42  0.43 0.28 W71 L7367 2.00
Pradegh 0 (0.31) (1497 % (3.04) %
1946-58  0.72) 0.3¢ 0.3 .66 .5399 1.96
(0.58) (0.88) (0.97) - -
1959-66  =3,15  1.21 0.2€ 1.47  .8389 2,53
(2420) # (3.00) * (1.78) .
Bihar . 1946-83 -1,94  0.99  0.12 |  1.11 .6096 1,52
: “(2015) # (3.64) . (1.29) ;
1045-58 -1.15  0.41  0.50 .91 5674 0.98
(0.28) (0.52) (0.87)
- (1.82) (2.68)* (0.94) '
Note:s 1 inijicetes thst the correszoniins coefficient is

siznific~ntly different from zero by the one-teil
t~test ot 57 level,
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Lodking st the inter-izmpor~el vsristions in l-bour-elasticity,
one finds th-t it has incressed over time in s11 the thres regiosns.,
It incressed from 0.92 %0 1.41 in 213-India, 0.34 to 1.21 in Utter
Prs=desh, snd 0.41 to> 1.27 in Biher, between 1246-1958 snd 1253-10645. .
The ceapital elasticity of outphut does not witness the gimiler trends.
While it increased from 0.23 in 1346-1958 to 0.45 in 1959-1966 in
sll-Indie, it -lecresszd from 0.32 to 0.23 in Uttsar Pradesh =nd from
0.50 to 0.30 in Bihar Setween the s=me periods.

mslysing the inter-rcgisnsl veris=tions in fretor elasticities,
cne notices thst the lsbour elesticity of output wass, in gener-l,
the highest in o11=Indi~ snd the lgast in Utter Pradesh. 4 devisation
to this is observel for the ss=mple period 1046-1966, where Bihsr had
the highest labour elasticity. The carital.elssticity fluctustes
between the resions wore violently then does the lsbour elssticity.
For the semyle period 1345-1866, it wes the highest (0.29) in all-
Indis snd the leagt in Biher (0.12); for ssample period 1946-1058, it
was the highest (0.50) in Biher snd the lowest in wll-Indis (0.23);
end for 2xsmrle oeriod 1959-1363, it wes the hizhegt (0.45) ngein
in =11-Indi» =nd the lowest in Utter Pradesh (0.26). From this en=-
lysis, one cen conclu?s th-t, in gener-l, fector elssticities =re
grester in »11-Indis thon other two regions =nd they sre grester in
Biher then in Uttar Predesh. , . ’ '

In the Cobb=Douzles farm of the nroduction function, sum of
fector elagticities, i.c. ( g+8 ), Sives =n indicetion of returns
to gcele. These sums have been worked out for 11 the three rezlons
and for =11 the thros semoles snd the s=me »rs nrovided in Teble 4,
colunn hesding (@ +§), These sums very between = low of 0.85 in
Utter Proadesh during 1343-1958 =nl » hith of 1.86 in ell-Indis durin~
1959-1365. Thus, therc is evidence of both diminishing end incre »sing
returns t> sceles Of ths nine values, six exceed unity eni .the rem-
sining sre less then unity. Thus, generally spesking,' Indien suger
inAustry is ooer~tin; under incres=sinz returns to scele.

3 coreful 135k st the column heesding ( . } in Teable 4 would
indicste thst rcturns to scsle heve incressed over time in all the
three regions =nd thet those incresses sre gquite sizes=ble, An inter-
regiénnl chmsarison of r.turns to scsle would indicete lsrger returns
to gesle in all-Indi= then the other two reqlons =nd in Bihar then
Uttar Predesh. This finlinz suggests for = grester expensism of
suger industry in rezions other then Bih-r -nd Uttar Pradesh then in

these two regions.
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Marpingl Proguctivitiess In the Gobb-Douzles oraduction functinn,

merzinel productivity of » factor of sroduction ig varishle over time.
It varies Alrectly with the corres»ondine sutput-input retia, In
terms of our production function (A), the merginel nroductivities of
lrbour end c=pital are ziven by

d V. v
Mp, = "g'_i— = «7) (7
- Vo= g :
M, —%—1%,— = B (8)

]

» vhere MP. =nd MP. denote marginal productivitisg of lsbour
nd cepltel, respectivelya

Usinz these frrumulse, we somduted MP; end MP, , st ench obser-
vation and =t the 3ints of samle mesns for »11 ltghe three rezions

and for ell the thres ssmple periosds. The results of meen merginsl
productivities an? the lowsr snd the upper limit of these srocuctiviti-
es sre provided in T=1le 3.

Marzinel sroductivity of lsbuur is consistently lsrger then thst
of ce=pitsl in 1l the rezions axwd in all the sempls periods. Rec=ld
thet the geme wes true with respect to fector clasticities, Merginsl
productivity of lsbour. hss veried betuszen 0,51 in Uttar Praoiesh in
some yesr during 1045-1158 snd 3.91 in »ll-Indis in some yesr during
1346~1965, This me-ng thsat et the mergin the minimum ¢ntribution
of one men-hour work to resl velue =332d by suzer industry weg Rs.0.51
end th-t its maxinun c ntributicn wes Rs.3.01. This findinz lyoks
very resgonsble in the context of Indirn suzar industry. Msarginsl
productivity of canitel Tluctuste? detween 0.10 in »11-Indie in some
yesr Auring 1948-1255, sn? 1.81 in Biher in some yesr ‘furinz 104£-1558.
This inicstes thet st the mar in, the contributicn of csepit-l-in-use
to velue added weg ab luast Re.0.10 #nd ~lmogt it wes Rs.1.21,

Like lsbour elssticity »f out-ut, meryinsl productivity of ls-
bour, in gzener=l, was hisher in #11-Indis thon other rssims and higher
in Bihar then Utter Predesh. This suosests thet e relstively lerger
use of lsbour in yegzisns other then Bih=r =nd Uttsr Pr=desh th=n in
these two regisng will be beneficiery, No re3jion hes higher merginel
praductivity of ceritel th~n other tw> regions in =11 the three ss=n-
ple periods. However, on the whole, Biher seems t0 lzed other resions
in this regpect.
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Table 53 Frctors! Msrginal Productivitics

(Rupees)
W
Mgreinal productivity of
Region Period L sbour . Crnitel
Me sn Lower Upper \e.n Lower Usper
Limit Limit Limit Limit
a1
Indis 1946-1055 2.51 1.42 2.91 0.31 0.19 0.73
10:5-1258 2.05 1.41% 2.53 0.40 0.28 0.583
1959-1955 3.07 3.17 5,05 0.38 0430 0.43
Ubtsr  1046-1966 1.03 0.689 1.33  0.42 0.24 1.11
Pradesh |
. T 1946-1938 0.75 0.51 1.25 - 0.71  0.51 - 1.26
1959-1338% 3.15 2.79 3.75 0.29 0.22 0439
Bihar 1946-13353 2,17 - 1.44 2.92  0.21 0.07  0.44
1946-1538 0.865 0.60 1.08 1.32 1.02  1.81
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Marzinel orotuctivity of lsbour follows sn upwerd trend while
th=t of cenital £51lows a cownwsrd trend-in sll the thpe- rezisns.
This points t5 jrester use of sdditionel 1sh>ur insut then cerital
imut in sugmenting value adles by sugzar industry in India,

Relstive Contpibutiosng: The fector elssticities in Tsblz 4 cwn
be used to comsute ths r:letive contdibutions ~f e-ch fector of
production t> the mean velue of velue added by suzsr industry. To
explein the computetisn srocodure, let following be the =stimeted
rozression equotions '

., .
log V ={og L+ &‘lo;; L +/§ log K + % (9)

where hnt (/\) merns estimstes. Teking mesn of (2)
snd -then dividing both sides by mesn of log V (Yog Vs we

obtein ({5: 0): . (1)
‘A b3 Z L K
1= @ <'TS§TI—3 + (é"—"_{;—_) + ? (lgg_____)

loz V

Thus, relstive contributions =re ziven by .

Q(log L

1oz V

"

A 167;?"‘:(*_) (11)
log V

3

where , F{kt ~nd Rc denntes the relstive contributions of
lebour, cmitel andl CoHustant term (i.e. omitted factors of Hroduc-
tion) to the mes=sn 1l:vzl 2f velue =dded, resnectively.

Formulse (11) heve hoen uged to compute rel-tive contributiosns of
lebour, canital, end other factors ¢f productisn to mes=n value »iled
by suger industry. The results ere presented in Tsble 8.

It would be ssen from Teble 6 that the contributisn of 1lshour to mean
value  of velue siled 5y Indisn suser industry hes =lwsys been more
thsn thet of c~pitel in ~1l the three re7ions under study. Its



ATnble 5: Fscto

rs! Relstive Contribution to Mesn Value

tured
(Percentozes)
. . Relstive Cont-ibution
Rezion - Period Lsbour Cepital Others
All-Indi= 1346-10853 68.56 26.31 4.83
19431358 71.60 18.94 9.46
1059-1756" - 102,20 46,35 -48,55
Utter 1946-1933 20.77 23.43 45,80
rred=sh g
1948-1358 25.03 22,82 52.15
1959-1285 85.58 25,44 -11.08
Bihar 1946-1523 57.81 7.64 24.55
1948-1550 24.04 21.81 54,15
1959-1255 7R.96 25,85 0.19
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contribution to mean velue of net/output renzes between = low of
24.04 »er cent in Biher durinz 1946-1953 -nd = high of 102.20 per
cent in e21-Indis durin~ 1059-1964, The contribution of cenitel to
rat v-lue sdded v-riss betwecen = low of 7.64 ner.cent in Bihar
during 1946~1965 »nd = hizh of 46.35 ser cent in sll-Ihdie during
1959-1985. The contribution of other fectors heg fluctusted betueen
-48,65 per cent =nd 54,15 per cent.

Factors! relstive ¢ .ntributions hsve vearied both with regiovns
end time. Contributi>n of lebour heg beer more in sll-Indi= th-n the
other two racisns snd more in Utter Predesh thsn in Bihsr, No such
clear conclusisn c-n"be inferred sbiut the contribution of cepitel,
Contributi-n 5f “oth lebour and crpit=1 heve witnesses =n increesing
trend over time, '

Forecsgtg: Regression rasults of Texle 4 cen be uged to predict
velue edded by suzrer infustry in different regions =nd the resulting
forecsgts, in turn, =lonz with some other rélations, cen bs used to
forecest the supoly of sugar and its by-products in Indis end in its
tyo import-nt regions, viz., Uttsr Presdesh eni Biher. In terms of
R, which ds on importent crieterion for judging the pr:dictive
efficiency of =n squatioh, regression fits ere very good only for
all-Indis production fupction. Furthermore, the estimstes =re more
relisble if they are obt-ined from = lsrge ssmple size then if they
sre obteined from = larre semple size then if’ they sre obte=ined from
= gri»ll semple size. Therszfore, we shell restrict our forecegts for
sll-Indis only snl we shell ugse the production fugction as estimsted
from snmusl time series dstr for the period 1946-1966. For convehi-
ence, we repryduce the selected nroduction function frr all-Indis

Auring 1246-1966:

lo; V = -1.92 +0.91 loc L + 0,29 . log Kt (12)
(1.82) (3.38)# (3.22) % T
P° = 0.9373, DW=1.95

In order to predict the future vslues of V with- the 'n%"l of this
estimsted .production functisi, we need to oredict the ma nitudes of
independent varishles L e=nd K' in the orediction neriod. The lstter
forec sste have been o>trined on the bssis of the trend method.

Severel forms for esch trend equstion wes tried, the best in terms of
hizh R sre re-orted bolows



L = 103.49 + 5.92 T (15)»
B = 0.8232 o
Kt = 7.15 30'137 T 2 4 ‘
R = 0.9499 . (14)

where T = time trend, normalized to t-ke = vslue of 1in
1946, 2 in 1347, . . « .+ . , snd 21 in 1065,

The onredicted v-lues of the indenendent vsrisbles for the chosen‘

prediction period, obtsined by feadinz the v-lues of trend varisble
in equstion (13) and (14) sre presented below in Toble 7.

Tsble 7 & Predicted Velueg of Independent Veriablesg

211 - Inaias
Man-hours Cenitel sAjusted for
Prediction (L) - cmecity utilizetion

period . o - {KY) Lo

(crqreg) , . (Rs.crores) ‘
1987 ‘ 25.56 . 144 .56
1968 26,25 165.74
1989 25.95 ' 190.01
1370 27.64 217.84
1971 284 33 249.75 ~

The point forec;stL of velue mdled st 1960 orices by Indisn
sugsr industry sre then >bteined by fee®inz the corresponding velues
of L end K' in equstion (12), The so obtsined point forecaste =nd
the intervel forecssts =t 5 per cent gicnificmnce level compgted
uging the spprapriste formuls sre presented below in Teble 8,
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Tgtle 33 Forecegpts of anue'gdded by Indisn guzer
Industry

(Rss crorea)

Prediction point - - Intervel-Forecegt (5% level)

period ’ Forec rst Lower Limit Upper Limit
1967 ' 26.18 * 70,58 : 131.08
1968 ’ 102.49 *74.88 140,30
1969 o 109.15 " 79.35 A 150.14
1970 116,17 * 84.00 160.65
1971 123,61 - 88486 171.94

. In order to.get forebngtsAof grdss sugar output, we correlsted
gross sugsr output with velue =dded by suger industry. -  The estimsted
correlation equstion wes the following: '

Y = 12.55 4+ 2.67V (15)
(2.32) % (33.02) #

R = 0.9829

The forecasgtz? velues of velue added =t 1960 prices by sugsr
industry nas renorted sbove in Teble 8 were fed to yleld forec=gts
of suger output at 1960 prices in Indie. The so obt-ined forecsasts
sre oresented below in Teble 9.
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Isble 9: Forecsgts of Suger Qutput in Indis

(Rs. eroresg)

pPrediction point _.Intervel Forecegt (5% level)

periog Forec st Lover Limit Upper Linmit
1967 | 269.34 248.40 290.28
1968 . . . 286,20 264,82 - 507.57
1969 303.97 282,10 325.84
1970 322.70 | 300.25 345.15
1971 . 342,57 . 319.46 865.60

- Since suger output dets for our prediction period sre not yet
nublished, we =are unsble to check the sccurascy of our forecssts.
However, we 4o not pretend thrt our forecssts will be one hundred per
cent correct. The predictéd velues could deviete from their corres-
ponding true values for only one or more of the following ressons:

(®) . predicted velues of L =nd K' sre different from their
. corresponding true velues, A

(b) estimeted regression coefficients differ from their true
velues in the prediction period, and

(¢) true disturbance term in the oredictlan period is differ-
ent from rere,

A crude method to evslunte foreccssts is to exsmine the sccurscy
of exenti (within semple period) forecegts. This is done on the
besis of the percentsge rbsolute mesn error (PAME) crlterion. The
PMME of exenti forecasts is given by
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)

_ 100 n - ' 3
PA.ME - 1T— 111‘_ E_ ﬁ‘t e o o (l))
whgre n = gmple size

4?% = estimeted error in period t

14

mesn velue of “the vorisble under
forecesting ., A

The computed PAME for velue added by suger industry in equation
(12) 1s 2.4 per cent while thst for grogs cutput in sugsr industry
in equetion (15) is 4.7 per cent. Both these errors sre insiznifi-
cent and thus our regression. model is good in reproducing the history.
If the structure of the economy does not undergo e gignificsnt chengzes
our expogt forecests will »lso be good. If fubure is expected to
deviete from past the forecests given in Tsble 9 ghould be edjusted

accordingly. oo

Conclu giOﬂ»

The study msy be concéluded by collectihg together its msin fin-
dings =nd infer-iny from them certsin suidelines which may be reco-
mmended for further expension of the Indisn sugsr industry:

(r) The industry is.found to heve zero reutrsl technicel
 progréess.

(b) The elmsticity of fector substitution is found to be
unity. This mesns thot the fmector ratin c-n be chs=nged
in proportion to chenze in the f=ctor price retio.

(¢c) Te industry is found to be operstins under incre asing
returns to sc-le, This implies th=t there is = scope
for the further expsnsion of this industry.

(d) Returns to scele sare the grestest in all-Indir =nd the
lesgt in Uttar Predesh. This suggests thst the industry
should expsand more in nlsces other thsn Bihor end Uttar
°Prrdesh, snd more in Bihsar then in Uttar Pradesh. This
trend is, in fsct, noticed in historicsl dsta,
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Lebour is found to be more import-nt factor than
capital in terms of fnctor elasticity of.output,
merginel fretor productivity »nd relstive contribution
to meen value edded by sugear industry. This =argues

in fevour of m relative incresse in lsbour input for

a larger vsalue ndded by the indugtry.

It is found thst, in general, lsbour is mereginslly

more efficient in all-Indfs than in Utter Pradesh =and
Bihar, snd more in Biher thsen in Uttsr Predesh. It mey
be 901nted out that this is not becsause of heterogensous
labour in different regions but could bé becsuse of
different lsbour qusntities snd/or locetion. This -
finding is supported by fsctor elaegticities ss well »ns
relstive contributions. This suggests thst sugsar
industry in regiong other then Bihar =nd Uttsr Predesh,
on aversge, should become more lsbour intensive while
thet in Uttar Predesh could become less lobour intensive
for improving the oversell efficiency of lebour.

Estimsated produetion functions csn reasonsbly be

used for forecesting industrisl outputs, perticul nrly
sugnar production... . ,

Footnoteg :

The time series dste for the whole period sre published
only for this rezionrl clessificstion, i.e. £11-Indis,
Uttar Predesh end Bihar. The shere of Utter Predesh
and Biher in Indis's total sugsr production weg 66.68
per cent end 18.32 per cent in 1046, 47.33 per cent

end 16,40 per cent in 1958, and 36.40 per cent and
9.84 per cent in 1966, respectively.

The period clessificstion is so chosen becruse ’?he
new dsta source, viz.,, Anmsl Qurvey of Industrieg,

replsced the o0ld arts since, Cengus of Msmufecturing
- Ihdugtrieg in the yesr 1959.
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3 Snstny,'v S«R.K, (1966): Mengurement of Productivity
snd Production Function in Sugar Industry in Indis,

1951-1961, Indisn Journsl of Indugtrial Reletiong,

Vol.2, No.1, (July) pp.205-221.

4. This ststement will be exeetly correet if the two
functiong sre linesr a=nd only npproximately correct
if the functions are non-linear.

5. All the dst= used in this psper, their gource »nd
memsurement is given in %ppendix.

6. Hicks; J.R. (1932): Theory of Wageg, MecMillan, London,
Pe 117¢ B

7. Lu, Y.0., =nd L.Fletcher(1968): A Generalizstion of the
CES production Function; Reviey of mconomics and Stetigtics,
Vol.L, No.4 (Nov.), pp.449-52.
?uVAnqu, N.5.(1971);. A Clegs of Verisble Elssticity of
Substitution Production.Punction, Beonometricg, Vol.XXXIX,
No.1 (J amsry), pp.61-71.
It should be noted thst these results nmre on the ssgumption
of perfect cam:etltion and the consts=nt reyg:ns to scale.

B. Ferguson, C.B.(1965): Tlme Series Production Functions =nd
Technologicel Progress in Msmufecturing, Journsl of Politic -l
Economy, Vol.LYXIII, No.2 (#%pril), pp.135-164. It should be

" noted thst equstion (5) is derived from the CES function on
the sssumption of perfect competition snd constent returns to

scole.

9. For intervsal forecasts, see Johnston, J. (1972):
Econometric Methods, pp.152-5.
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endixs Dete Sources snd Messurement

The dsta =5 used in the peper were compiled from'the date as

publighed in Cengug of Mpmifacturing Indugtriegs (CMI) »nd Annuel

Survey of Industrieg (#SI). The compiletion procedure used for
ench verisble is expleined beloy. -

The deta on zross output of suger snd its by—productsé velue
ndded ‘by.sugsar. indugstry; verious rew-meterisls -=nd fuel used etc.
st current prices and in physic-=1 quantities.ere published in CMI
and 4SI. First of all from their 1960 dete we obtsined unit velue
of e=ch cuiput =nd input veriebls =t 1360 prices. . The quentities
of vsrious outhuts snd inputs in different yesrs were then multi-
plied by their corresponding unit velue in 1960. Thus, we obteined
time series dste on various outnuts end inputs st 1960 prices. By
rggregeting verious values st 1960 prices of sll products snd by-
products of sugsr yesr-wise we obtained time series of gross output
in gsugar industry et 1060 prices for different regions. Similsrly,
time geries of velues of rsy-msterinls, fuels, etc. st 1960 prices
were obbteined for sll the threes regions. To obtrin time series for
velue sdded st 1960 prices, value of rew-meterisl, fuels, etc. st
1960 prices was subtracted from the corresponding vslues of gross
output in suger industry st 1960 prices.

The dats on number of men-hours worked by direct workers is
avsileble for all the yeers.- The sesme dete by contrect workers is
evellsble for most yeers. PFurthermore, dets on mumber of both direct
snd contrect workers is sveilsble for sll years. The dete on number
of men-hours worked by contrsct workers in those yesrs, for which
dnte were not avseileble, were obt-ined by multiplying the mumber of
such workers by the mumber of man-hours per direct worker in the

corresponding yeser.

The dsta on book vslue of fixed e¢snital is published in CMI snd
ASI. The time series of wholessle price index of mschinery (Pp) =nd
equipment, =nd thet of construction mctivity (P;) is sveilsble in
Dholskin (1974) (vide Teble %-3). We first obteined = weighted
sversge price index for fixed crpitsl in sugsr indugtry from sbove
two indices; weights used were 0.70 =nd 0.30 during 1946-1956, =nd
0.75 =nd 0.25 during 1957-1966 for P, =nd ¥, respectively. These
weights were sssizncd on the basis of share of plent, mechinery,
equipment snd other fixed esssets; end lend end construction in totsl
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#ixed cpitel in sugsr industry. The weights sre chenged in the
yesr 1957, for that yoeor merked the chenge ir reletive shareg of

two typ~s of capital. The fixed éapitel in 1946 wss dzflated by this
price index for 1248 »nd the additionsl fixed espitsel in successive
yeers wes first deflnted by the corresponding yesar!sg price index

and then was sdded to the previous period's resl fixed cepitsl to
obtsin time series for fixed cepitel in -sugsr industry st 1960-61
prices.

The dst= on tot=1 smount disbursed by w=y of weges in suger
industry is sveileble in CMI =nd ASI. These d=ts were divided by
the corresponding number of man-hourg worked by workers to obtein
money wsge per man-hour. The go obteined dsts were then deflsated
by wholegele sugsr price index. wlth bege 1960-61-= 100 to obtain
rerl wege rate.

No direct detr on cspscity utilisstion in Indien suger indugtry
ere published. We compiled this series on the besis of sctuel man-
hours worked per worker ss » frsction of the meximum men-hours worked
per worker in eny yesar during the whole s=mple-period.

The sbove precedurc was followed to generste all the dste for
pll-Indis snd =11 but 1959 dsta for Utter Pradesh snd Biher., Since
1959 dsta for Uttar Predesh snd Biher were mot svsilsble to us, the
gseme had to be.interpoleted. - The sheres-of the se- ‘stotes in nll-
Indin with respect to verisble under interpolstion in 1953 =nd 1960
were worked out =nd an srithmetic sversge of these shares wss used
to interpolste 1259 dp‘ts' for these ststes from 1359 dats for »11-

' Indin.

‘lhe g0 compiled dFte on. 11 the varisbles for regisns sll-Indis,
Uttar Predgsh,,snd.Biher.are .presented .in Teblaeg -3-1, &2, =nd 4-3,
regpectively.
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