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CHAPTER - VIII

RELATIONSHIP BETWEEN RAINFALL AND RICE YIELD.

8.1. INTRODUCTION

Agriculiure is considered as the prim#ry sector
for economic de#elnpment of our -couniry .In iarn agricultural
productivity «can hbe defined in diffarenl senses of which
agriculiure yield per heclare is one .

The influsnces of weather elemeni,particularly rainfall
on iLhe agriculturai ﬁperatiuna and crop yield, can affect
favourahble and unfabourble conditions during Lthe different sitages
of developmeni. So,rainfall is the faclor determining the success
or failure of agriculturél enterprises. This is because
cultivators have no control over this natural random phénnmenan.

In this area farming is done under unirrigated
conditions as such it depends mostly on weather and «climate. The
impaci of weather,and climaie on agriculiural productivity is of
vital importante.lﬁainfall is The most imporiant weather parameler
that affecis paddy crop in This region where i;rigatinn plays
minor role. Paddy is the principal crop of the kharif season. It
is mostly rain fed crop. The fotal absolute rainfall of a
particular season and the total producltion of crop are considered
for mosl of Lhe economic analygis on food grain production. Butl
the nalure of intensity of daily rainfall has much influence on
varialtions of yield of this particular crop. These effects are
manifested through plant characierisiics like heighi;, number of

tillers,leaf area and number of sar heads which ultimalely affect
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the yield of the crop.For 1Lhe purpose of our thesis e
concentrate on the effect of this climatic facltor 1o ﬁhe yigld of
rice.And it has besn considered in this study as economic Ffaclor
in agriculiure .

This chapter attempis To establish tThe relatlionship
between rice yield and the nature of daily rainfall in 1his
distritt,

8.2. VARIABLES

& Lime s=ries ﬁF crop yield may he divided into three
major sources of varialion in The yield af rice uveé any region.
These are identified as (i} technological change,(ii}
mefeorological wvariability and (iii} random moise". The
technological changs iﬁ yields <€reeps in due Lo tThe recent
advancement in agriculiural fechnology. A suitable linear
time—scale variable is inlroduced in erop—-yield model Tto account
for ‘Lhe technological t%endg Among meleorological paramelers
rainfall is one of ithe most imporiani elements which affect Crap
yield significanily. The third component has the impaci and
contribution of random noise which is very little.

- OFf all the factors affeclting aﬁricultural production,
availability of water is undaubtedly the most important one. For
rainfed crops,rainfall consiitules waler gain while the nature of
rainy days are of much importance dduring different stages of
developmenl of crop. The nature of daily rainfall data,derived
from it.,are used in this study. The classification is made by

comparing the amount of rainfall received during 1The past 24
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hours. The daily derived rainfall parameiers are classified inlo

the following caiegories @

il Rainy Days (RD) Days when ithe rainfall is equal To or more
then 2.5 mm.

ii} Resiricied Rainy Days (RRD). Nuﬁber of raihy days exﬁept when
preceded by a day having 30 mm or more rainfall.

iii} Crop Rainy Days (CRD}! Mumber of days when the rainfall is 5
mm or more. Bul a day having rainfall 3.8 mm is considered

as a crop rainy day with a gap of Twe nnn_rainy days.
'The daily derived paramelers as described above are
based on rainfall,during the period 1772 to 1988 at Cooch Beha;,
The monthly derived wvalues from June lo The middle of Ociober

of sach ysar have besn compuled. The nature of ithe day’s rainfall

for the wmonths of sensiiive period of crop ife time are
considered as the explanatery wvariahbles {for this study. The
average yield of winler rice in 1his districi is wused as 1the
dependent variable in this study. & data series of average' yield
of winter rice for the same period i.2.1972 1o 1288 has been used
in the present étudy to develop the muliiple regression model.

The yield rale of winier rice has been considered as the
dependent variable throughoul this chapler. The olther wvariables
are poleniial explanatory variables.

Mow we first consider tThe model witlh fourleen
explanatory variables namely 3

I} Rainy Days (RD} =

i = Rainy days during July.
X4 = Rainy days duvring &ugusi.
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¥ = Rainy days during Seplember.

(3

ao = Rainy days during Dctober.

Y

id

I1} Restricted rainy days (RRD)-

= Rainy days during June

}% = Rasiricled rainy days during July

Xs 7= Restricied rainy days durihg August

)% = Restficted rainy days during Seplember
%2 = Restricted rainy days during June

I11} Crop rainy days (CRD)} —

Xa = Crop rainy days during July

Xd = Crop rainy déya during August

X9 = Crop rainy_days during Seplember

s = Crop rainy days during June

e = Technulugical trend in time—-scale variable fakes from 1

to 17.

8.3. DATA MATRIX OF EXPLAMATORY VARIABLES

The individuals of 17 ysars and 14 variables are mainly
related to the derived varishbhles from ihe daily rainfall datla.
These variables are separaisd by rainy monihs included in tThe life
cycle of the crop. We denoie The number of individuals by n, 1Lhe
number of variables by k. So.,itherse are nk variable values.The
individual wvariahles are denoled by the subscriplis : 31, ...... %c.

Mathematically,a set of valuss are arranged in rows and columns in

the matrix form (data maltrix). The single symbol X stands for the
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numerical information fﬁ this dala malrix as a whole . The dala.in
the form of a malrix are given in thé Gppendix.

A preliminary summarisation of the dalta is provided by
calculating the mean and standard deviatien of each wvariable.
These basic statistics of lhe variables are given in Table &.1.
This table also shows the standard error of mean of each variable.

It is also seen from The table fThat excepi the dependent
variable, the means of The independeni variables are in the range
from 3.765 1o 21.412 days while their standard deviations arefrom
2.322 1o 32.704. Bui those of the dependent variables are 1124.882
and 140.2845 respectively. Il is also ohserved 1Lthat the standard
errors of Lthe means of The variables, %A and ﬁ4 are greater than
one while those of Lhe olher variables are less than uniiy. The
standard error of LThe means of the dependeni variable is 34.01°2.
So, there are high variabilily on the observalions of the yiesld of
winter rice in this district. |

Besides these basic statistics,the other measuremenis of
association beltwsen each paivr of explanaltory variables . are
corfelatian coefficients. The Table 8.2 reports 1The correlation
matrix between the sxplanaltery variables as well as ithe dependent
variable witlh each explanalory variable. The correlation malrix is
a symmetfic matrix.

The mosi strongly and positively correlated pair of
variables are %A and %B with a correlalion coefficient 0.0 and
the weakesl are Xs and X with a correlation coefficient 005,

=]

virtually zsro.
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Table 8.2 also shows tithe correlation between tLhe
dependent variable and each of the expianatary variables in which
‘the dependenlt variable is posiitively correlaled wilh KQ, x;, X s
X, X , ¥ andX whereas it has negalive correlalion wilh the

= 10 i3 14 ]
variables ¥ ., X ; X ; ¥, X, ¥ and X .
i Z v 8 4

= .odd 2

8.4. MULTIPLE REGRESSION MODEL.

An agroclimaltic study of the relaltionship between the
crop yieids and wealher parametlers is carvied oul with tThe help
of empirical statistical multiple regression model. This model is
also generally employed for making guantitative crnﬁ yield

forecast on operational basis.

The itechnigque has been utilized in Lthe pressnt study to
devslop linear mulitiple regreséiun model 1o sstablish ihe
trop weather relalionship. The relaltionship betwean yield per
hectare (in Kg} of paddy crop and the nalure of daily rainfall is

io be established employing the following functional form @

Where y is lthe dependenit variable i.g. yield of winter rice in
Cnﬁch Behar.

ﬁ's are lhe derived parameters from the nature of daily
rainfall for Lhe sensiitive period hy monith. These are also known
as nonstochastic componentis of the model.

u is the stochastic component. This is also known as

disturbance ierm.



&.4.1. ASSUMPTIONS.

The linear multiple regression model is based on some
assumptions . Some of them are related to the distribution of
stochastic wvariables,; SOmE to ithe relationship between
nonsiochastic and stochastic variables and finally some refer 1o
the relationship between these nonstechastic variables.

a} Assumplions aboul the stochastic variables.

Assumpiion —I.Mormaliiy—the siochasiic wvariables are

normally distributed with =zers mean and consiant varliance.

Regarding constanit variance,for all values of X, u® s would show .

the same dispersion round their mean.
i.e.

E {u ) =20
d -

and E (u)) =o°  (Constant)

Assumption 2. Monautororrelation or serial independence
of the u4ufs. This assumplion stailes that any 1iwe values of
;isturbance term (sitochastic} u, and uJ are not linearly
ctorrelaied i.a.

E (utuj) =0 i&® j.
(b} Assumplion B.Assumpiion for siochastic and nonstochastiic
variableé.
Independence of uLand ®, - This assumpiion stales thét avery
stochastic term is independent of the explanatory variakles i.e.
E'(ui ¥ 3} =0

L)

Hhere xﬁ is the element of the data matrix,i.e.,in the

ith variable and The jth individual year.
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This assumpiion is nol wvery crilicsl. It is au

fulfilled if the explanalory variable is nonstochasiic.

tomalically

fssumption 4. Assumpiion aboul the relalionship between “the

explanaltory variables tLthemselves.
This assumpifion states the closeness of

variables 1o sach other. This is the case of melticolli

8.4.2. ESTIMATION OF COEFFICIENT OF REGRESSION MODEL

We try to use the rules of thumb by which we
(a} The regression co—efficienis ,
{(bh) The variance of the co—efficients
and

(£} The cpefficient of muliiple delermination,

Tha . population regression space involving

variable Y and k explénatary variables =

ﬂ, 3%, ...... ....,fu..,ﬁf may be described as -
4= B + R ¥L f.%aii cmam=mnaa ..ﬁkiL + u

Hhere Eb is the intercepl , 31 T.n_Blc are Lhe
{slope)} cDeJPFiq:fu=_lrﬂt.v_=,,u_L is the disiurbance term Lhs
indicateé the ith ohservation af the population which

observalions. We should therefore,have n numbsr of

explanatory

nearity.

can derive

dapendent

regression
sutfix i
comprises n

linear

equations. These eguations can be put in a compacit form using

matrix notation :
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where

Y= énx1) column vector of observalions on the dependent

variables ¥

¥= nx{k+1) matrix giving n observations on k explanalory
Tor

variables. The {first column of Tthe mairix is uniity represeniing
the intercept term.

B= {(K+1)x1}culumn ‘vector of the regression

e
cosfficient.

u= (nX1) column vecior of n obhssrvaltions on disturbancé

term i.2.,

Y I
A \{ = \.{2 '
hd .
5 '
L)
! id XEJ. )igg_ '
x =/ N .
i 1 xiz :{22 Xk-a
1 X
i XZr\ an
B i
N . < i
E - B . u
i 2
. Bk U-n
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The ordinary leasi square method has been applied fo

estimate ithe regression coefficienis. This is given by

B o= (X *'¥3)y Y x
iy

Y
Here the estimaltors follow the Gauss—Markov properiy.
In this model the ordinary leasi squares estimators are
those which minimize EE? with respecit io bL whera e is the n
elemenl column vecior of n residuals in 1the sample regression
space and it can bes measured by
2 N _ _ v - 2
e A A L TESCRETITLPEL S
The Lolal varialion in the dependeni variable (Y} can bs

pariitioned into wvariation due to chosen regressors and tLthe

residual variance. The partitioning is obilained as follows =

o ~ -
v, -V =z (v -9 +=2 &
i.8.,2 y? = = yf + = Ei:
Where,
= y? = Tolal sum of square
- (TSS)
= = Hegression sum of sguare
({RS5}
and
= Ef = Error sum of sqguars
The coefficient of muliiple deiermination or ihe
squarad multiple correlation coefficient is the ratio - of

regression sum of square 1o total sum of square and is denoied by
2
R .

The ecstimate of RZ can be obilained as
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2 _ Regression 85
TSS i

]

7

M
.

[
r’.-d": b

When the explanatory variables in the funclion are
large with comparison io the number of observalions,the muliiple
determinatinn'cannnever reduce bul it will rise wusually . because
the numeralor will increase in the esxpression of R® while the
denominalor remains the same. To correci this defeclt we adjusi R
by considering The degree of freedom. Sa,tﬁe adiustied coefficient
of multiple determinalion is

2

= = _ g%, (0 - 1
R 1 4 R} R
g _E/n k)
= y?f(n - 13 _
Where R® is tihe unadjusied mulitiple correlatlion

coefficient, n is the number of sample observalions and k& is the
number of paramelers estimated from the samples.

The adijusted value of muliiple correlalion coefficient
2

R when muliiplied by 100 gives the percentage of total wvariation

in Y explained by ithe regression.

The method outlined in Lhis sub-section is concerned io
develop tThe suitahble (multiple ‘Fegressinn model. Multiple
regression analysis;in practice,require the use DF' appropriale
compuier programme. The methods semployed in our analysis are

supporited by the sofiware package of Data matric. The computer out
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puts of multiple regression analysis are presented there step by

step.

The multiple regression equaltion can be wrilten as

Y=h + bx +bx + b ...oe..-..*+Dh ¥+ u
£=] i 4 2 2 83 3 i ded
The extract form of the computaer output For 1ihe

fourteen explanalory variables model is shown in Table 8.3. For

this model,the sxplanaiory variables, X, X, X, ¥, X, X and
1 2 L] 7 8 id

){12 have marginal negaiive affecis and XB . ){‘!r ’ ){5 ” X; . Xm * )iia

and adhave the marginal positive effact on the dependent

Qariable. The tabkle also shows the value of t—statisiics
i,e.,tk!SE(bt) of sach of LThe sxplanatory variables as well as tihe
constant i.e. the inlercepl.

In this equation ihe degree af freedom of t—statisti;
is B,i.e, C17 — (14 '+ 41 3Jd. It is abserved 1that 1The regression
coefficients b4’%4 amd %4 have the i-value less than 2 i.s. the
hyputheticai value of standard-error test which takes the cdnﬁtant
value Z to compare iThe calculaled value. Eut we cannol consider
this procedure fo detect the unwénted uariablés/in the equaiion.

However,to getl the accuracy of the prediciive model we
have to omit the variable which may coniribute liitle to predict
ihe dependeni one.

Mow,ithe step—down method has been applied to salve tithis
problem. One of the rules of this meihod iz lo omit 1The unwanted
variable (¢ } if

o

T=hk 735 ¢ 1
(W3

Hhere QJ is Lhe regression coefficient of the unwaniad
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explanatory variables and s is square of standard error of ithail
foefficienl.

NGW,WE.CGﬂEidEF the multiple regressinh equation af
fourteen explanatory variables. Here ithe variable ® o, is detecied
as unwanied variable whevre The value of T for the variable X . is
02224 (£1). The variable ® o, i.e. time scale variable>i5 omitied
from our muliiple ragression egqualtion.

As the téchnalugical trend i.e. Lime—scale variahle is
omitied from the mulltiple regression equation, 1t is indicated
that the advances in agriculiural technology have very little
contribution on the yvield of winler rice in the disirict of Cooch
Behar.

FMoreover.lhe lechnological trend caused by the us2 of
high yielding-varieties,large scale use of fertilizers,beller
irrigation facilities,use of insecticides and improved management
practices has no significant coniribulion an  the production of
winier rice al the district of Cooch Behar.

The calculated value of Ra,adjuated R and F-value of
the muliiple regression equaltion and the regression coefficients
along with respective values of standard error and t-values are
given in Table 8.8.

Mow,LThe regression of ¥ on the remaining Cid4—13
i.e.,thirteen explanatory wvariables are Lo be compuisd. The

compulied new muliiple regression equation is also given in

Table 8.4 ,and the same rule is followed to identify LThe unwanied

variables.

145



Here the value of T for the value %u is ohserved less

than one i.g.,

T (xx ¥} = 0.0627 ( <1 1}
14

z
The values of Rz,adjusted R and F— value and model af

multiple vregression egualtion with ihe values of regression
coefficienl corresponding to their standard errors and LThe
t—valuss are given in Table 8.4.

So,this variable X, is omitted from the eguation.

This is indicated thatl the rainy days during the month
of June have no significant effect on 1LThe  produciion of winter
rice in Cooch Behar districtl.

Here we also ﬁate,that the value of R° is decreased by a

Z
small quantiiy whereas the value of adjusted R and 1the F wvalue

have been increased due To iThe omission of Lhe variable %4 that
is the variable of technological change.
By following tThe same melhod we now compule the
multiple vregression equation by eliminalting the variable xﬂ i.e.
rainy days during the monih of Juns.
We nexi compule the regression :
y = %‘fgi,xz,xg_,x*,xs,xd,:g,)é SRV NS N
Mow ,omitiing the variables %1 and X ,the regression
equation of v on the remaining twelve explanalory wvariables is
compuled. The latesi model of muliiple regression equation is
given in Table 8.5 which finally consisis of one dependent variable

and lwelve explanalory variables. The variahle %4,#ainy days

during the month of June and the wvariable Xié,the technological
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trend are excluded Ffrom the muliiple regression equation by .
adopting the siep—down method. Bui in the new equatian,there.is no
variable which we can omit by applying the step—down methaod.
SD,this equation now has been employed to develop the relaiion
between the winter rice vyield and tThe derived wvarishles of
rainfall of differenl sensitive months.

So,finally,we fit multiple linear regression model on

yield of winlter rice.

2

However the calculated wvalues of R ,adjusted B - and
F-statisiic of 1he equation and the required regression
copefficients along with 1itheir standard errors and the

corresponding t-values are given in Table 8.5.

The estimates of the muliiple correlation cosfficient
and regression coefficient which are defined through Ileast
squares eslimators,are essential to examine the reliability

precision of Lthe estimales.

8.4.3. TEST FOR THE SIGNIFICANCE OF THE MULTIPLE CORRELATION

COEFFICIENT

The test performed in regression analysis is a testi
concerning the overall explanatory power of the regression és
measured by R

The null hypothesis of this test is that tﬂe multiple
correlation coefficient in populalion is zero and The alternative
hypothesis is that it is greater iThan zerﬂ.

The F ratic 1is a test of significance of r® s the
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statistic =

£ R® -k -1

\_i_RZ
Confirms to F-distribution with (k,n—k—-1} degrees of

freedom.
So,we can apply 1The test of this hypolhesis under

consideration,knowing only the wvalue of . observed muliiple

correlation.

: 2
p— = .
The values of R ,adjusted KR and F ratio are Jiven in

Table 8.5,

The calculated Ra,the squared cosfficient of muliiple
correlation is 0.9832 and the adjusted ﬁ?is 0.9327. The calculated
value of F*ratiﬂ is 12.4674. The labulated value of F-ratio witlh
ithe degrees of freedom 12 and 4 is 14.37 at 1 percent level aof
significance. Hence,it is statistically  highly significant.
Therefore ,we considser thalt mulliple regression equalion is_ well
fitted to the derived parameiers of rainfall in Ceooch EBehar
district.

—2

Mow consider the value of adiusted R which is .9327.
We multiply the wvaluse of ﬁ? by hundred,we gel il %3 percent.

The model,iherefore, can explain 93 percent of 1totlal
variation of rice yield with multiple currelatibn coefficient as

0.98. Hence,all the explanatory variables may be emerged

significantly at 1 percent level.

8.4.4. THE MEAN AND VARIANCE OF THE PARAMETER ESTIMATES

Since  the least squars esiimalors are linear

combinations of independent variables. The intercept and slopes
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are normaliy distributed with

Mean = E (ha) = B

) (=1
and 8 E (bi) = B_L

and the variance of any estimator may bhe derived {from
the principal diagonal of dispersion malrix (X*%"™*  and then

muliiplied by P

An unbiased estimator of o is denoted by Q?and is
given by
- 2
-~ = pl
o =
(n—k—13

Where k is the total number of regressors,or independent
explanatory Qariables of the model.

so,standard ervor of bh = v ;2
AN

c.
L
where €, is the diagonal elemenlt of the dispersion maltrix (X X
LL N
Yyt .The procedure described above has been suggested by Rao
(1984).

The value of Hjs and their standard error are given in
Table 8.5 which also shows our best fitted multiple regression

model.

8.4.5. TEST OF SIGNIFICANCE OF PARAMETER ESTIMATES

Nhen>the sample is small (n £ 30) and the parent
population is normal,we may apply a itest siatistic which is based
on Student®s i-distribulion. To perform a Two tailed test of this

test criterion we must adopt the null and alternaitive hypolhesis
with desired level of significance and suitable degree of freedom.

We assume that the leasi squares estimales are normally
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distributed.

The null hypothesis is tThat there 1is no linear

relationship beiween the explanatory variables and the dependent

variable y i.e.

H : B =20
L

<

‘and is tested agginst the alternalive hypoilhesis,

H =B =0
4 L o

In this case the it-statistic reduces Lo
s ba
£ =

3‘453
The sample valuese of t* is estimaited by dividing the

estimaie b by its sitandard error.
v

Hhere
' -.b‘L = least squares estimate of Et_L
oaibi) = ssiimated variance of %_
n = Sample si=zse
k = Total no. of estiimated parameiers.
The valus of L* is compared fo the tLTheorelical

(tabular) values of 1T which defines ithe critical region in
two—iailed tesi wilh {n — (k + 1 ¥} degrees of Freedn&.

I the calculaled valuss of ‘I.E‘E are grealer ihan ihe
tabuiar valus of 1T i.8. t*}t swe may reject the null hypolhesis.
This means Thalt we may accepl 1he estimated h.L which is
statistiically significani al chosen level of significance.

Therefore,it is esseniial To examine The reliability or

the precision of the least sjuare esiimalors.



Table 8.5 rsporis Lhe ualﬁe of 1The estimates of 1ihe
parameters and itheir respecltive standard errors and  the compuied
t*—value of each of the variables.

The observed values of the t*—ratiu would be compared to
the thenrétical value of t,oblainable from the i-table wiilh degree
of freedom fn — (k + 133 = 17 — (12 + 1) = 4 which is the suitable
degree of {freedom for Llhe fiitted model. |

The stalistical reliability of the estimaltsed pafameters
of ithe equation as shown in Table 8.8 is discussed here one by
one paramets?.

The calrculated t—value of the regressibn coefficieni of
E.is 5.295 whi;h is greater Than the tabulated value of T with 4
degres of Freeﬂnm atl one percenit lasvel of significance (4.4604).
Since we reject the null hypothesis with 99 perceni confidence
the variable %ﬁthe rainy days -during July,has a significant
effect on the yield of winter rice in the district of Cooch
Behar. Bui ithe regression coefficient bears negative sign and the
negative coefficient is also statistically significant. Hence tihe
yield of wintér rice is found teo be inversely related to the rainy
days in the monith of July.

The same resulf has also been observed on 1LThe coefficient of
variable Ré, the restricted rainy days in the month of July butl
the coefficient is significant at 5 percent level (1 = 2.774).
This suggestis thal this variable has a significani and negative
influence of the yield of winler rice alt this place. |

The coefficient of these variable XB i.e.,the crop rainy -
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days in the manths pf July has posiitive sign and it is
statistically higﬁly Eigﬂi?icani at 5 percent level. The resull
shows that the variable has & positive influence on the rice
vield.

The coefficient of the variable Hé,rainy days in the
month of ﬁuguét, has & positive sign bul ii is notl statisticallg

significani;showing that this variable is nol a determinanit of the

yield of winter rice at Cooch Behar.

The estimated coefficieni of Lhe variable Xs,the
restricied rainy days in the monith of August,has & positive sign
and it is found to be highly significant, in influencing the

yield of vice. It is sigrnificant at one percent level of

significance.

The coefficienti of ithe variable Xd, ithe crop rainy days
in the month of August, has 4 negailive sigﬁ and 1ii is alsn
statistically significani ait 5 percent level. Hence,itl is
inversely related to the yisld of winler rice.

The estimalted coefficisnis of tLhe variables K and
3B,the rainy days and the resitricted rainy days in 1Lhe month af
Sepitember respeclively, have negative sign and these are found to
he highly significant at one percent level of significance.
SBo,lhese variables are also inversely Felaied to the yield of
winter rice.

The esiimated coefficienis of the variables Xg and ﬁo’
the crop rainy days in the monih of Sapiember and the rainy days
in the month of October,have positive sign and are sialisiically

o

highly significanlt. These are sigrificanlt ai ons percent level of
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significance. The resulis show thal The wvariables have posiltive
influence Lo the yield of winter rice at ithis place.

ted

™t
ﬂ:l

The estimated caefficient of the wvariable %z’ rastri
rainy days in the monith of June, has a staltistically highly
significant at 0.1. percent 1level (1=8&.&61) it has a negalive
in?luente on Lhe rice yield.

The coefficient of the variable %B ; 1Lhe «crop rainy
days in the month of June,has a positive sign and it is found to
be highly significant at 0.1 percent‘level. This suggesis Lhat the

variable has a significant influence on the yield of winter rice

in Conoch Behar.

2.5. SECOND ORDER TEST OF FITTED EGUATION

I the assumplions of an econometric method are violated
in any application,ihe estiimales obilained from the methﬁd do notl
passass some ofF a&ll of the optimal p%aperties, Mow we will
develop Lhe economic crileria or second order tesi for judging the
goodness of the sstimales. Thsese criieria provide some evidence
about the validity of the assumplions of 1Lhe classical linesar
regression model. The méjur problems likely to be encountered atl
lthis stage of analysis are aulocorrelation and multicellinearity.
While muliicollnearily is 1the problem Eanﬁerning claseness ‘af

explanatory variables to each oiher, the other peritains 1o the

behaviour of estimaled residuals.
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8.53.1. AUTOCORRELATION.

Dne of our assumpliions  of ordinary least SquUares

specified sarlier is LThat the successive values of diszturbance

term (u) are independent which is stalted as

E.(usﬁ) = 0 i d;1 & 3 = 1,2;acauasm

When this assumpiion is net satisfised,ihe problem of

autocorrelation arises. For testing ithe presence of aulocorrelated

errors,we use Lthe residual terms by estimaiing the ordinary least

Sguares.

Darbin—Haison have suggesied a tesi for aulocorrelated

errors which is applicable to small samples also.

The iftest may bs ouilined as follows =

The null hypothesis is
Ho 2z p =0

or , Ho: Lthe U°s are not aulocorrelaled. This hypothesis is

tested against The aliernative hypothesis

H : o = 0

i

1.8, F& 2 the U’s are autororrelated

To test the null hypolhesis,we use tThe Durbin—-Walson

statistic =

= =
B A
L=

Where e are sample residuals.

It can be shown thal the value of d liss beltwesen O and 4
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and ithat when d = E,then g = (.
Thus,testing Ho 2 » = 0 is equivalent to tesiting Ho = d
= 2. Expanding the "d* statistic we,therefore,oblain

d = 2(1 —-p)

From this expression,it is clear thal the values of d
lies beilween 0 and 4.
If there is no aultocorrelaiion i.s,
g =0 i.e. d =2
Thus if from the sample daita we asl d =2 and we can

not reject the null hypothesis Lhat there is no autocorrelation in§>
the function.

So,it shéuld be clear that in ifthe Durbin-Waison tesi,tlhe
null hypolhesis of zero auitocorrelation is carried oul indirecily
when ihe explanatory ugriables are large,by testing Lhe eguivalent
null hypothesis, Ho = d = 2

The compuited D —W value (d )} is 2.042 which 1is 1likely

equivalent to 2. Thus,from the sample data it is found ihatl

Hence,we scceplt the null hypolhesis thal there is no
autocorrelation in the wmuliiplied regression gquation. The
calculated values of D-W siatistic is given in Table —8.5.

Therefore, the autocorrelation is not found to be
signi?icaht and hence.il may be concluded tThat statistically,the
yields in winter rice in Cooch Behar district do not persist from

year to year during Lhe Lime frame of this study.



8.5.2. MULTICOLLINEARITY

The multicollineariiy in economelrics is defined as a
situation of high correlation beiween the explanalory variables.
Thus,the problem of muliicollinearilty is always preseni suxcept for
an exireme case where the sxplanatery wvariablezs are called
orthogonal. By very definition,two variables are called orithogonal
if the correlation between them is =zsro. Bult such & case is never
encounisered whera the real woirld data are handled.If
muliicollinearily is always preseni.,we have 1o asceritain whether it
is. serious i.e.,whether i1t is of such magnitude as o bother Lhe
analyst.

To asceriain the presence and extent of
muliicpllinearity in fthe data simple zsro urder correlation malrix
of all the explanatory variables are worked out. If none of 1he
correlation coefficient is high,the problem of muliicollinearitiy
is not considered seripus. In general;if Lhe correlation
coefficient is B.8 or more,it is Lo be considered high buf it it
is less than 0.70;it can be considered as low.

in this cnﬁnectian Hizin- has suﬁgesied that
multicollinearity should noi be considered serious if the simple
correlation between a pair of variables is less Lthan the multiple
correlaltion coefficient. Thatl is Klein argues thal collinearity

is harmful if

2 .. 2
r = R
M oM #H s w s nscEEmwoDzwawa
A Yoy M T
2 . - - . . .
where L is the simple correlation coefficient bLeiween any
L
’ . 2 . - -
two explanatory wvariables (XL,XJ and R is the muliiple
J
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corralation coefficieni of the funcition.

In ysing Hiein's meihod of detecling
multicpllinearity,we should consider Lhe value of the estimaied
muliiple correlalion coefficisnt. The simple correlation malrix
of suxplanatory variable; are given in Table 8.2. The multiple
correlation coefficient (R™) has been estiimailed as 0.758.
Then,according To Klein,the simple correlation coefficient
beiwesen explanaltory variables cannol be considered high because
these are all lsss than G.95.

Hence,multitollineérity is not a problem in the fitted

model of multiple regression.

8.6 COMCLUSION =

The linear form of Lthe multiple regression eguation is
found tTe be empirically appropriate as it poSSEsSSes high
explanatory power. The resulis show thal Lhe derived paramelers of
rainfall in the months,Juns fo October (middle) have been.FDund to
be highly significant in influencing the yield of winter rice in
Cooch Behar. The model explains more tiThan %3 percent of total
variation in yield with multiple carrélatinn coefficient
exceading 0.98.

All the independenl variables excepl the variable X4,the
rainy days in the mnn?h of ‘éugust,haue amerged significant ,at
least,at 3% level and reveal stability of regression coefficients.
This model may forecast the %icg yields moderately within
Lolerable limitis ufvstatistical significance. From the result of

Durbin—blatson test for aulocorrslaltions.it may be concluded that
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the successive values §¥ the disturbance.term i.e. stochastiic term
are independant. Hence,thé assumplion of ordinary leasi squares
estimate that the successive values of the random variable i.e.
disturbance term,are independeni,has been established. From
Klien®s approach,multicollinearity is not a problem in the fitted
multiple regression squation. Hence a crucial condition For the
application of least Eﬁuares thatvthe explanatory wvariables are
nol perfecily linearly correlated is sstablished.

The satisfactory performance of well fiited model of
multiple regression Equatinn are develaped to establish tihs

crop—wealther relationship in the district of Cooch Behar.



TAB LE- 8.1

MEAM, STANDARD DEVIATION AND STANDARD ERROR OF MEAN OF INDEPENDENT

AND DEPENDENT YARIABLES

VARIABLES | MEAN STD.DEV STD.ER.
X, 21.412 2.374 0.818
X, 16.706 2.823 0.4685
gi 18.706 ' 3.4%4 | 0.848
X, | 15.421 . z.432 - o.832
X, ‘ 11.529 z.322 0.563
X_ 13.706 3.704 0.898
X 15.882 2.238 0.785
X, 13.235 2.705 A 0.&54 \
X, 14.059 2.5680 0.450
" A 2.705 2.705 0.456
X, 17 .294 4.4469 1.084
X 14.235 3.419 0.829
X, 15.235 3.4632 0.881
X, 2.000 5.050 1.225
Y 1194.882 140 .2465 . 34.019

%'s—lndependent variables (Mature of rainfall) Y-depsndent

variable.
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T ABLE-8.2.

CORRELATION MATRIX

i X X X X b4 X X X X A X X Y

2 8 - 5 s ? a o Ao 11 iz ia 14
L16 62 .38 -.05 .33 .38 .40 .18 —-.07 —.12 —.12 —-.07 .41 -. 3%6
+ .37 .33 .07 .23 -.02 -.02 —-.05 .16 .02 .18 .02 -.13 -. 005
+ + .30 —-.01 .15 .32 .38 .03 —.31 .28 .35 .31 .12 . 074

+ + + —.02 .70 .05 .0% .15 —.24 —-.05 -—-.14 -.02 .30 . 8=

+ + +  + .03 .03 .03.005 —-.31 .13 .46 .21 —-.37 . 059

10
44
12

418

a4

Y—dependent

+ + +  + + .09 .08 .20 —.14 —.27 —.32 —.21 .31 -.075
+ + + + 64 467 —.38 —-.18 —-.18 .04 .32 -.038
+ + + + + 64 —-.45 .04 —.07 .15 27 -. 213
+ + + + + + —-.30 —-.21 -.17 —.03 .29 . 140
+ + + + + + + —.07 —.11 —-.22 —-.13 . 104
+ + + + + + + + .85 .90 —-.21 —. 162
+ + + + + + + + + . &2 -.2 5 —.030
+ + + + + ; + + + + —.2& . 240G
+ + + + + o * + + + + + . 400

variable and &—explanatury variables.
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. TABLE - &.3.

MULTIPLE REGRESSION EQUATION WITH FOURTEEM EXPLANATORY VARIABLES

Paramaeter Estimate Co-— Std.error I—-Value(calculated?}
efficients of ;uefficients
b 849.1006 ' 183.949 4,514
N -34.3120 2.230 2.717
bz' ~17.1002 8.234 2.078
b, 70.4048 — 11.836& 5.948
b, . 30.0341 21.970 1.367
b_ &4 . 1988 ' 15.083 4.289
b_ -48.3085 19,483 2.47%
b, —-64.0784 49271 3.429
b, -42.8111 10.267 4.470
b, 104 .2897 18.419 5. 4662
n 44,3591 12,112 2.662
b, -2.9575 12.498 0.237
. —108.9854 16.937 6.435
b £9.7930 13.804 5.056&
b, 0.4180 4.144 0.14%
R® = 0.9837 ﬁ2 = 0.856%4
F(14,8) = 8.4099 h = 14 T = 0.02224

[N
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TABLE- 8.4,

MULTIPLE REGRESSION EQUATION WITH THIRTEEM EXPLANATORY VARIABLES.

Parametier | Estimated Co-—- Std.errovr t—value(calculated)
efficient. - of coefficient '
b, 857.4954 143.781 5.964
B, | . ~33.5842 5.433 5.221
b ~16.7674 | 6.505 2.578
b, &89 . 4451 8.154 _ 8.514
b, 29.0431 | 17.193 1.4689
b 54,8592 . 2.948 6.520
b, ~47 . 1222 ’ 14.4603 3.8227
B, ~-45.0304 14.732 4.414
b, —43.0244 8.347 5. 154
b 102.6104  44.453 7.071
» 43.3822 8.365 ' 5.185
. —-2.0447 2.803 0.244
b ' —108.0116 12.830 8.4
b b68.7763 9.855 &£.979
R® = 0.9835 r = 0.912
F (12,3) = 13.7529 ' ‘
b = 11 T = 0.0&027
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TABLE - 8.5.

MULTIPLE REGRESSION EQUATION (FITTED MODEL )

Parameter Estimate co— Std.error t—value(calculated)
efficient. of coefficient

b, 844 .2494 120.019 7.057
51 33,3474 5.563 5.995 #x
b ~15.9109 4.802 3.313 #
b, &9 .2470 7.100 F.7S54 xxE
b, 27.2104 13.547 2.009 (NS
b_ £65.2518 5.588 7.598 %
b, -45.7436 11.820 2.872 %
b, -&64 7982 12.85% 5.039 ##
b, | _a43_ 1232 7.293 5.913 =%
b 103.7087 12.812 - 8.095 #u
o 42 6943 6.894 6.193 =%
» -10%.2711 10.284 10.623 #%3
b _ 67.1473 &.374 10.335 ##3

R® = 0.9832 R = 0.9327

F(12,4) = 19.4474°° D-W Stat = 2.042

# — Hignificant at S percent.

#% — Significant at 1 percent.

### — Significant at 0.1 percent

N5 — Mon-significant.
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