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Inseparability Test on Wheat Production in Nepal:
A Case Study of Saptari Di

D. N. SUTIHAR®

Introduction

. The main objective of this paper is to find out the interrelationship of inputs in wheat
productlon in Nepal using a micro level data. In our country, the production of wheat and
area of wheat cultivation are estimated to have increased by 25.6 percent and 20.6 percent
‘respectively in 1982-83 in comparision to the previous year. The share of Saptari district in
the total production of wheat in Nepal was2.36 percent in1982-83, Keeping in view the share
of Saptari district in the total wheat production of Nepal, this study is designed to test the
complementarity as well as separability of inputs.

Methodology
- Data Source

‘The present study is based upon primary field surveycross-sectionaldata collected from
Bisahariya village panchayat of Saptari district in [982-83. An appropriate questionnaire was
structured covering various aspects of the household economy, and wheat producers were
interviewed. The simple random sampling method was used to select about sixteen percent
households. Altogether the sample consists of ninety five households,

Separability Test _

Log-quadratic production model hasbeen used to express the local approximation, The
linear production can be expressed as Y =f(x,,%,) where Y is the output and x,,%,, are factors
of production. It can be expressed in regression eguation as

Y= a,+tax, |azx, S

Where a, is the lnterecept of Y when factors of production are zero and a; and a,are
cocfficients of X, and X, respectively, The' same: expressmn can be expressed in Iog-quadratlc
equation as

In Y= Ina,+a, In x1+a2'111' x2+a11 lﬁ ta,,Inzxg x, + a,, Inx®
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This type of modelwith second order terms io a log-linear production function repre-
sent the log-guadratic of local approximation. This can be expressed with the help of Taylor
expansgion:

in the zero order appmkimation
f T
in the first order approximation
£{n () -+ dffdx (&) 3<%
In the second order approximation
£ %) F (%) -+ dffdx (T) <x 4 d?f/dx® (T1<x
The above exbf’eési'on i§ for a single input-output space. In our production model.
however, it can be shown in the co-efficient form as

(xy) (a1: a3q) (%q)
Y= ag+{2,8.) ()4 (5%) ( )y ()
(%5) (312 8yq) (Ky)

Where a, is the intercopt of y, a; and a, are the first order co-efficients of x, and x,
respectively whereasa, 1,84 ,,4, 5 are the second order coeflicients of x2, XX, x*respectively.

The magnitute of a, , represents the degree of complementarity of substitutability(Ber- -7
ndtand Christensen, 1973}.1n a log-quadraticmodel azero valueofa, , implies a Cobb-Douglas ‘
production structure with unit elasticity of substitution between x; and x, (Bhadra, 1982).

If the sign of the coefficient term a,, is positive then %, and x, are complementary and if

the sign of it is negative then these are substitutes. In log quartic production model, if the 1
sign of the coefficient of x,%, x,® term is negative then %, and x, are inseparable otherwise

they are separable. ‘

Production Process
The use of labour, and buiiock are increased proportionately according to thé size of
land. The relationship of these inputs with output is not direct but indirect through' land

yariable. Irrigation and chemical fertilizer are used simulteneously, hence they are comple-
mentary of each other and functions of ‘g’ where ‘g’ is fiunctional notataon

I‘H@%mwwe*A@_LQ»;

S S
F M LB

Here, Y is output, I is irrigation, F is chemlcaifemhzer L is labour, B is builock
is manure,A is wheat cultivated land and g atands to denote Functional relation with output

Regression Equation

Using the Cobb Donglas Production functmn our regressmn equation is

oY= 1lnb, + byInL + b, JnB 4 bylnM + b, In F+
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. where,
Y == Output of wheat in Kgs/ha,
L = Labour in mandays/ha.
B = Bullock in bulliockdaysfha
M = Manure in dokosfha.
F = Chemical fertilizer in Kgs/ha.

i I = Perceniage of irrigated land of the wheat cultivated land.

u = Error term.

‘ Our bypothesis are (a) thers is statistical significant relationship between output and
=nputs of wheat.

;" {b) There is complementarity bmwcen chemical fertilizer and irrigation, and (c) there
is"'insepara le relationship between cnemlca] feriifizer and irrigation,

Resuﬂts and Interpretations
. _Producfwn Process .

The use of labour and bullock are proportlonate to land. In this study the total wheat
cropped land (A) in hectare, total labour in labour—days and total bullock in bullock-days
have been considered to estimate the production process as:

L = —0.5458 4+ 109.1644* A R* = 0.8561
(1.9031)  (4.6914)

B =—0.79 -+ 147.7333% A - R? = 0.8201
(2.9687) (7.3799y

Here standard error are paranthesized. It should be noted thatthe correlationof labour,
bullock with Jand are 93 and 90 percent respectively. As shown above,the coefiicient of land
is positive and highly significant even at 99 percent confidence level: In both the equations
the regression lines are passing through ovigin,indicated by the insignificant t-value of inter-
cept, From the coefficient values the inference can be drawn that the relation of land with
labour and bullock is direct. '

Cobb- Douglas Prodnction Function

Cobb-Douglas Production Function has been estimated on the assumption that the
agricultare production functions are lnearly homogeneous of degree one in land and the
elasticity of substitution is unity, " : .

In model {1) Cebb - Douglas productlon functlon has been estimated. Here intercept
and the coefficients of manure, chemical fertilizer and percentage of irrigated land of wheat
cultivated tand are positive and significant at 95 percent confidence level showin g the positive
and significant effects of these inputs on otjfpﬁt. The coefficient of labour is positive and
insignificant and the coeflicient of bullockisnegative andinsignificant at95 percent confidence
level showing that there are not significant effects of labour andbullock onoutputof wheat.

Ttshows that these inpuisarc over employed onwheat cultivation, R2is 0.9935, whlchexpialnsf'_-_ '

99.35 percent of total variation in output by the variation in inputs consldered
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Log—Quuadratic ond Log-Quartic Production Function

Translog or log-guadratic production function has been estimated to fest the comple-
mentarityor substitutability between chemicalfertilizerand irrigation. Tn model(2) iog-quadratic
production {unction has been estimated with only onesecondorderintetaction terms ofchcmicai_
fertilizer and irrigation. Intsrcept and the coefficient of manure, chemical fertilizer andF1I
are positive and significant at 95 percentconfidancelevel. Thesignof secondorder interaction
term F I is positiveandsignificant.This clearly indicatesthatchemical fertilizer andirrigation
are not substitute but comlemepntary to each other, Therefore, they are not independent
to eachother. R? i30.9938, whichexplains 99.38percent of total variation in ouiput by inputs
considered here. RERT o R

The estimation of the"l'dg—IQHar't'i'c 'prb:duc'tioﬁ' funetion adding fourth order interaction
term of chemicalfertilizer and irrigation {F? 1?) in modelno. (2) will definitely increase the
values of the sums of elasticities and R% In model no.(3) F*I? term has been included. The
model in this case clearly assumes that there exists inseparability between chemical fertilizer
and irrigation, Therefore, a log-quartic model has been estimated to test that if the log~
quadratic explanation of complementarity between chemical fertilizerand irrigation is correct
then the coefficient of quartic term must be negative in sign.Intercept and the coefficients of
manure, second order F T term are positive and fourth order F?I’termisnegative and signi-
ficant at 95 percent confidence level. The coefficients of bullockand irrigation arenegativeand
insignificant and 95 percent confidence level. Obviously, the sign of guartic F2 I® term s
negative and significant,which explains that chemical fertilizer and irrigationarenot separable
but completely inseparable.,R? value has increased as compared to R2of model no. {2). was
it increased aftertakinginto account the number of variables also %isc. is RZ2really increased ?
1t should be however, noted that these two inputs,chemical fertilizer and irri gation are the
function of ‘g’ as shown in the producion process, affecting the output simultaneously and
these are not separable.

Major Findings
On the basis of the interpretation and analysis of the data presented in the preceding
sections of this paper the following inferences have been drawn:

In production process the output of wheat is related with inputs like labour and bul-
lock via land. The farmer generally uses labour and bullock to prepare land for cultivation.
Therefore, they are highly related with land: If there exist multicollinearity problem, it not
only affects the cofficients of the variables. causing’ multicollinearities but also affectsthe
coefficients of other variables as well, In such a situation effect of multicollinearity has to
be removed in any way. Otherwise the whole model will be of no value for interpretation.
Inalmost allthe models analysed above, labour and bullockare not significantat 95 confidence
level owing to multicollinearity problem, because they are highly collinear as shown in table
3. It should however, noted that chemical fertilizer irrigation are the functions of ‘g’ which
simultaneously affect the production of wheat.
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The analysis of ths data also shows that the sums of the elasticities inmodelsno, (11{2)
and (3) are 0.1898,0.2565and 0,4459 respsctively whichareless than unity, providing decreasing
returns o scale in wheat cultivation in the sfudy area,

From model MNo. {2),it can be noted that chemical fertilizer andirrigation arenotinde-
pendent. Frommodel No.(3),it isexplicit thatchemical fertilizer and irrigationare inseparable
factors. Therefore, when farmers useirrigation they must use chemicel fertilizer simultancously
to promote theagricultural productivity. Therefore,the government should invest on irrigation
as well as chemical fertilizer to develop agriculture. If irrigation facilities are improved,the
demand for chemical fertilizer would naturallyincrease in the case of wheat growers, And,
then investment in chemical fertilizer factory arises o fulfil the demand of farmers, The
establishment of new factory of chemical fertilizer raises the demand for power, Therefore,
government should investon ferigation, chemical fertilizer factory and power resources simulia-
neously to develop its agriculture. '

in all models the explanatory power { F-statistics ) is highly significant at 95 percent
confidence level, Hence, it provides us the evidence for accepting the alternative hypothesis,
viz., b, 550 (where s:=0, 1, 2, 3, 4, 5, 6, 7). To sum up, it is found that there isstatistically
significant relationship between the production of wheat and its mputs as consideredabove.

Recommendatmns

It is obvious from the nature and analysis of data thatsuch astudy can beenormously
usesful for framing agricultural policies in Nepal, where the bulk of the population have to
rely on agriculture which is the source of their livelihood. On thebasis of themajor findings
in this study, the following suggestions have been made:

1. The models estimated above for wheat production may also be applicable to other
agricultural production and production areas like industry, etc.

2. Chemical fertilizer and irrigation are complementary to each other. Hence, thefarmers
are suggested to usechemicalfertilizer and irrigation inputstogether. And,the departments
and agencies concerned are also suggested to provide the facilities of these inputs in
the area concerned, at proper time.

3. 1t is clear in all models that the coeflicients of labour and bullock are insignificant at
35 percent confidence level. It shows the over employed on wheat cultivation, There-
fore these inputs should be transferred to other uses.

4. From thefourthorderterm, it is obvious thechemical fertilizer and irrigation areinsepa-
rable ingredients in the field of agricultural production, So it is also suggested thatthe
government should investonchemical fertilizer and irrigation together which will eventu-
ally increase the agricultural productwﬂy :

5, As a matter of fact, increment in agrlcultural productlon has two effects; Tristit *
maintains the growingdemand of food-grains by people withoutincreasingeultivatedland -
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)

from forest and other areas, Eecondly, it alse increascs the exira ciop residues for
- growingcaitle population, which has positive effecion forest by reducing the fodder demand.
So that,the problem of deforestation can be checked through agriculiural progression.

Referemces

1, Berndt, B.R. and Christensen, L.R,, **The Internal Structure of Functional Relationships: Separcability,
Substitution and Aggrogation’, Review of Econ. Studies, Vol, 40, No. 3,

2, Bhadra, B,, Separability Test on Production Function for Wheat in Organ{Oregon State University;
U.5.4., 1981).

3. ——— Analysis of Complementarities among Irrigation and Chemical Fertilizer Project Investments,
(CEDA; T.U, Nepal 1982)

4, HMG/Nepal, Fronowic Survey 1982-83 (Finance Ministry of MNepal),

5. mmeem—e, Agricultural Statistics (Agriculture Ministry of Mepal, 1983),

6. Sutihar, D.N., An Econometric Analysis of Wheat Production in MNepal:A case of Saptarl District,
The Economic Journal of Nepal, Vol, 7, No, i, 7.0, .

7. ————, Estimation of Wheat Production Models in Nepal: A Case Study of Sapiari District, (CEDA
T.U, Nepal, 1984,




