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CHAPTER I 

INTRODUCTION 

Crop growth and the sequences of crops grown 

durlng a year are determined by the interactions of 

r.~l.l1nate. soIl, land and rnanagemE!nt parametE!l:'s. Crops are 

grln,Tn throughout the year depending upon their nature. 

The crop's nature is controlled by certain agroclimatic 

fa.:!tors, such as rainfall, temperature, solar radiation 

and evapotranspiration etc. 

Seasonal water availability control::: the crops to 

be grown, which is determined by the agroclimatic condi-

tiona. The atmospheric parametel's determine the amounts 

,)f water added to the system b~r precipita1:lon and the 

amounts of the water leaves thE! system by evaporation 

(r-om the soil surface and transpil'ation fre'ln the crops . 
. 

The soil and the physiographic charac1:'H'~stics only· 

change from place to place, but the agroc].imatic varia-

ble not only changes with location but al~,() with time. 

Orissa predomina-l'l\;\y being an agrictJ.tural state 

depends on rainfall for its ag~icultural p~oduction. The 

'i\Vf~,:·a.ge ;annual r.ainfall ranges from 1100 rolll. to 1500 mm. 

,;~,r,d its dlatributlon is very much erratic and uneven. 

Thut5 the agricultural production is highly unstable. 

t,VE!D during monsoon season the etate suffer'::! from simul-
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taneous problems of disposal of surplus water caused by 

heavy storms in some parts and water deficit due to 

lade of adequate rainfall in other parts. The produc-

tioD potentiality of the state can be greatly enhance~ 

O~ maintained at a steady pace by implementing better 

wa~er management systems. Development of water manage-

roent system requires knowledge (If variabi1i-ty of meteor-

ological events with time. 

Thus owing to peculiar distribution of the natu-

l'al resources of soil and climate, the st<:~te of Orissa 

call for some specificity with l:'egar.d tel appropriate 

cropping systems and related fal'ming systen,3 technology. 

For this reason it is imperative t.) study the 

hi,:ttor leal weather I' ecords to nvaluat e the f eas i bi 1 i ty 

of crop intensification. Reliable crop weather technol-

ogy models are needed f~r yield prediction and for the 

determination of climatic risks in crop production. 

Methods £or agrometeorological foC'ecasts are 

mainly based on crop-weather l'elationship statistical 

models. Models developed from historic data make it 

possible to obtain the expected values fail'ly in advance 

so that appropriate action may be taken to avail of 

b~ne£icial aspect of weather and minimise :>r avoid the 

dEl ta'.ltrlEtntlillol ef£ect~s this IJtudy for -:he region of 

E.hubaneswat' is proposed to be l1ndertaken \Ii th the £01-

lowing objectives. 
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1. Development of forecasting models on the basis 6£ 

~e~kly data and studying theIr efficacy. 

2. Forcasting of onset of effective monsoon and critical 

dry spells. 

3. Estimation of water requirem~nt of dif:~erent crops 

based on agro-meteorological observations. 

4. Development of climate-crop production mOdels.' 



CHAPTER II 

REVIEW OF LITERATURE 

This chapter deals with review of some of the 

works done in the past by the researchers on time 

series analysis, frequency analysis of hydrological 

events, forecasting models of hydrological events 

and crop-weather models etc. 

A tim e s e r i e sis a seq u £1 n ceo f va hi ~~ s a r rayed in 

oo'"der of their occurrence which can be chr.P'"acterised by 

statistical. properties. The sequence of values is 

represented by 

!( (t ), x (t ) 7 1( (t ).................................... 
123 

Wn~re t <t <t ••••••••••••••••••• A time series may be 
123 

a function of any single variable WhlCh takes the 

place of time. A non-random time series hel'S an oscilla'-

tory component. The observed values in a purely random 

time series fluctuate erratica1.ly about some mean value. 

The fact that a time series exhibits more or less 

erratic fluctuations suggests that the number of times 

ttl a t the val u e s are abo v e 0 f' below a g :. 1/ en val u e i s 

indicative of the randomnes~' or non-randomness of the 

time series (Chow,1964). 

Persistence Test 

Persistence test is also known as non parametric 

test. Persistence is a test that does not depend on the 
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particular form of the basic frequency function from 

"'hich the samples are drawn. In other words persistence 

test or non-parametric test does not make any assump-

tion regarding the form of the population (Gupta et al./ 

:~983)~ 

Chow (1964) and Clarke (1973) studied the methods 

for the measurement 6f a time series. The non-parametric 

methods of determining, if a time series is random are 

i) median cross test 

ii) the turning point test 

Lavert as referred by Yevjevich (1963), listed 

that there are nine different statistical ~arameters to 

mE!aSUre the persistence of a time series. Those are 

. 
(1) Covariance of higher order in relation to mean 

value 

(2) Benson's persistence coefficient 

(3) Persistence ratio 

(4) Von Baur's divergence coefficient 

(5) Surplus number in statistical model 

(6) Persistence factor 
"" 

(7) Serial corelation coefficients and correlogram 

(8) Von Barlet's equivalent repeating numbar 

(9) Kendel' s measure of persist.mce 

Apart" {["om this there al:-e certain other methods 

for measuring the non-randomness of the time series 

( G up t a , e tel 0 1 9 8 3 ). 
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(1) Basic distribution test 

(2) Uald-wol£onltz run test 

Yevjevich (1963) suggested the use of variance 

l~pE:ctrum analysIs for measurins the non randomness of 

the time series. 

The most common technique of determining the 

degree of persistence in a time series, which has been 

followed here is by serial correlation co~fficient. 

A widely used measure of association between two 

'leu'iables x 
t 

and y is the product moment of correla­
t 

tion coefficient, which may be defined as 

p = 

Cov ex ,y ) 
t t 

( 6 D x ) (S D y .) 
t t 

... (2.1) 

Uhere the numerator in Eqh. (2.1) is the covariance of x and 
t 

y and the denominator is the square root of the product 
t 

variance of x 
t 

and y . 
t 

If interest is centred on the association between 

successive term in the same se~ies x rather than on 
t 

that between concurrent terms.in the two different ser­
ies. x and y , a measure similar to equation (2.1) may 

t t 
be employed. Referred to as the auto correlation func-
tJon 

P 
k 

= 

Cov (x , x ) 
t t+k 

----------------
( 5 D xt ) (S D x t of k ) 
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express the correlation which exists between all pairs 

of observations x 
t 

and x 
t+k 

. The distance k. is 

known as the lag between x ~nd 
t 

x . The numerator 
t.+k. 

of 

equation (2.2) is known as the auto covariance at lag k. 

The serial correlation or auto-correlation is 

thus used to account for the effect of serial dependence 

of series. If the value of the time seriHs x,say x 

at time unit t+k is dependent on the value! of x 
t+k 

, then 

the 

m&.y 

correlation between 

be taken as a measure 

the values of 

of dependence. 

1: 

t 

t 
and x 

t+k 

The serial correlation coefficients are therefore 

dEtfined as correlation coefficients (linec.:" association) 

bEt1:ween the members of the series that are Ie. units 

apart (HutreJa, 1986). 

The degree of persistence is inversely propor-

tional to the length of time interval between observa-

tions of a discrete time series. Yearly studies conduct-

ed by Yule (1945) cited by Kotz (1959), confirmed that 

serial correlation coefficient of annual rainfall in 

Great Brit~in were insignificant. Britta~ (1961) and 

Hershfield (1962) concluded that annual rainfalls are 

~andom or independent. Namias (1952), Pattison (1965) 

an.d Yevjevich!.! a1. (1973) reported that in most cases 

the month~ rainfall amount were found to b£ independent. 

CL(lW (1964) and Pattison (1965) also indicated that 

when the time interval between observations of a time 

! 1 t t t- - '-'a."".-.y over· effect, 0"" tl-1e pe .... slst-aeries a alOt:', '1~ - ~~ 4 4 

·ence becomes more pronounced. Fayerhern et a1. (1965) 
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express the correlation which exists betw~en all pairs 

ot observations x 
t 

and x 
t+k 

known as the lag between x ~nd 

t 

The distance Ie. 

x . The numerator 
t.+k. 

is 

of 

equation (2.2) is known as the auto covariance at lag k. 

The serial correlation or auto-correlation is 

thus used to account for the effect of serial dependence 

of series. If the value of the time series x/say x 

at: time unit t+k 

the correlation 

m':4~r be taken as a 

is dependent on the val"\J (l 

between the values of x 

measure of dependence. 

of x 
t 

and 
t 

t+k 
then 

x 
t+k 

The serial correlation coefficients are therefore 

dE! fined as carr elat i on co e £ fic.i ents (1 irie/\.'r assoc iat ion) 

beltween the members of the series that are Ie. units 

apart (Hutreja, 1986). 

The degree of persistence is inVersely propor-

tional to the length of time interval between observa-

tions of a discrete time series. Yearly studies conduct-

ed by Yule (1945) cited by Kotz (1959), confirmed that 

serial correlation coefficient of annual rainfall in 

Great Brit~~n were insignificant. Britta~ (1961) and 

Hershfleld (1962) concluded that annual rainfalls are 

~andom or independent. Namias (1952), Pattison (1965) 

a.nd Yev jevich.!..! ala (1973) reported that in most cases 

the month~ rainfall amount were found to b£ independent. 

CLow (1964) and Pattison (1965) also indicated that 

when the time interval between observations of a time 

1 1 t tl-"" '-·a .... ··-·Y oVer- effect, 0'" tl'le p""' .... sist-.~ I~ r· 1 e s €:I S i 0 r-, 1 "" ..... A." .. '" .. 

ence becomes more pronounced. Feyerhern at a1. (1965) 



8 

found daily precipitation amounts to be dependent in 

time. Pattison (1965) and Franz (1970) found persistence 

in hourly precipitation amounts. 

Various significance tests of serial correlation 

coefficients are reported in literature for circular and 

open discrete series by A"derson (1942), Bartlett 

(1935,1946) and Blackman and Tukey (1959). An approxi-

mate test of significance suggested by Clarke (1973) for 

a sample of large number of observations N, may be 

obtained by comparing serial correlation coefficient 

\tIith range which .i.s double of a large 

sa.mple standard error i. e :!:,l/JN . The values lying 

outside this range indicate the presence of persistence 

In the data sequence. Further Clarke (1973) pointed out 

That lag one serial correlation coefficient, p. only 

ca.n serve as a sufficient measure of describing the 

strength of the relation between a value in the se­

quence and that preceeding it one time interval. If 

the value of p lies within the two limits of 

then it is treated to'be insignifican1:1y different 

from zero and series is said to be a random series . 

. 2 Probability Diatribution Function 

A lot: of researches have been done to fit a 

d Lit t rIb utI 0 n top r e c i pit at iOn data or have transformed 

th~ data to obtain a fit by a particular distribution 

{~l(J,se to normality. 
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No~rnal Dietribution 

This is symmetrical, continuous distribution, 

theoretically representing the distribution of acciden-

tal errors about their mean, or the so called Gaussian 

law of errors. The 

1 
p(x)=~------------

CSt» tl2rr' 

probability density is 
'2. 2 

-(X-fJ)/2(SD) 
e •.• C 2.3) 

Where x is the variate, fJ is the mean value of variate 

and SD is the standard deviatiofl. In this distribution, 

the mean, mode and median are 1;he same. Tbe cummulative 

probability of a value being equal to or less than x is 

1 
p(x<)=-------------

'- CSt» ~2rr f 
-co 

. 2 
-(X-p)'/2(SD) 

e dx ... (2.4) 

This represents the area under the curve between the variates 

of --00 and x. 

Loanormal Dletribution 

This is transformed normal distribution in which 

the var iate. is replaced by its logarithmic value. 

This distribution represents the so c&lled law of 

Galton as it was first studied by Galton in 1875. 

The probability density is 

1 
p ( xl == - .~ _. - - _ .• - " .. - -- -

y 
(bi)y)e J 2if 

2/2(SDy) 
-(Y-Il ) 

e y ... (2.5) 
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Uhere y = lnx "'here~ x is the variate) ,u 
'J 

is the 

mean of y and SDy is the s~andard deviation of v~ 

Gamma Distribution 

The probability density 

is 

a -x/b 
x e 

p (X )=--.---------­
(a+l) (a+l) 

b r 

with b)O, a>-l for x=O 

and P(x)=O for x(O 

of this distribution 

. .. ( 2 .6) 

'Where a and b are constants and r .(a,+l)=a! is a 

gB.mma £unctlon_ The cummulatlve probablllt~, being equal 

to or less than x«oo) Is kno'.tn as incomplete gamma 

function. 

The statistical parameters are 

l1.ean = b(a+l) 

a.nd variance = b2. (a+1) 

P~ar.on Distribution 

Karl Pearson has derived a series of probability 

tHI'Jction to fit vir.tually any clll~tributioll. The general 

and ba.sic: equation to define tbe probabiU'cy density of 

a pearson distribution is 
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x 2 
P(x) = e f (a+x)/(b + b x + b x )dx 

·-do 0 1 2 
•.. (2.7) 

Uhere a, b , b • and b are constants. 
O:t 2 

The criteria for determInIng types of distribution are 

lJ'here 

p • ~ and K where 
:l 2 

~ 1. = 

2 

P 
3 

3 

P. 
2 

2. • 
~ (~ + 3) 

1 2 
K = ---------------------------

4(4 ~ - 3 ~ )(2 ~ - 3 ~ - 6) 
2 1 2· 1 

and are second, third and fourth 

about the mean. 

moments 

Uhen ~ = 0, ~ = 3 and K = 0, the~Pearson distribution is 
:I 2 

lder:,ti<:lll.l to the normal distributior~. 

Chow (1964) suggested that Type I aLd III dlstcibutions are 

often used in hydrologic frequency analysis. 
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Type I distribution: for tYlle I, K <: O. 

Its probability density is 

m 
1 

p (x) = p ( 1 + x/a ) 
o 1 

m 
2 

( 1 - x/a ) 
2 

. . . . (2 .8) 

lJhere m / a = m / a and the origin is at the mode. 
1 1 2 2 

The values of m and m ar~ given by 
1 2 

J f2 ~ 1 
moL' m = 1 / 2 [ r "- 2 + r (r + 2) .. - - - - - - - - - - -- - -

1 2 2( a + a ) 

When is possitive, tl1 

the negative root and 

6(~ - ~ - 1) 
2 1 

[' = ----------------
6 + 3~ -- 2p 

1 2 

a -I- a = 1/2 
2 

1 2 

is the positive root and 
2 

m 
1 

is 



and p = 
(I 

2.2.4.2: 

a. 

13 

tI''l 1'1'\2 

m m (m + m + 2) 
N 1 2 1 2 

-----

a + a m + m r- (m + 1) 'r (m + 1) 
1 2 (m + m ) 1 2 1 2 

1 2 

Uhere N is the total frequency. 

= 

Type III distribution 

For type III distribution 

K = 00 2 ~ 
2 

= 3 l~ + 6 
1 

The probability density with the orig.in at mode is 

c - cx/a 
p (x) = p (1 + x/a) e 

o 

4 
where c = - 1 

~1 

c 
fJ 3 

-----
2 Pz 

... (2.9) 



and p = 
(I 

2.2.4.2: 

a 

13 

N 
(m + m + 2) 

1 2 

a + a 
1 2 

m + m 
(m + m ) 1 2 

1 2 

r- ( m + 1) or (m + 1) 

Uhere N is the total frequency. 

Type III distribution 

For type III distribution 

K = 00 or 2 ~ 
2 

= 3 l~ + 6 
1 

1 2 

The probability density with the origin at mode is 

= 

c - cx/a 
p (x) = p (1 + x/a) e 

o 

4 
where c = - 1 

~1 

c P3 
-----

2 

"'2 

... (2.9) 
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c + 1 
N c 

a c 
e r (c + 1) 

Slade (1936) is the first to fit a continuous 

probability distribution to the annual precipitation 

data. He found that the logarith ·.mlc transformed data 

has fitted to the normal distribution satisfactorily. 

Thom (1940) and Beer et al. (1946) fitted smooth 

distribution curves to the annual and monthly 

precipitation data respectively. rather than using a 

specific distribution function. Uhit~~omb (1940) 

fitted a Pearson type III distribution curve to monthly 

pr-ecipltation data. Thorn (1957) used a &.ll.mma distribu-

tion to fit a storm amounts and then transferred the 

gamma distribution a normal distribution. 

Cho~ (1954) suggested the use of the log-

probability la~ ~hich is similar to the lognormal 

distribution ~ith t~o parameters except for the 

additional parameters, that is the coefficient of 

'ITarlation. All the cases reported above are for the 

time series which do not contain zero values. It is 

possible that the above conclusion may not hold good if 

the series includes zero values. 

Apart from the logarithmic tr~nsformation 
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several other transformations like sq~are root, cube 

root/one fourth power and modular coefficient of actual 

data that would make the hydrological data normally 

distributed have also been reported by Stidd (1953). 

Franz (1970) and Markovic (1965) illustrated by 

fitting the normal, two and three parameters lognormal 

an.d gamma distribution function to the modular 

coefficients transformed data (i.e. actual data / 

cl verage of the series) of the observed annual 

precipitation and annual noff for the data collected 

from several measurement stations. This transformation 

does not show even the slightest advantage over the 

actual data as far as the goodness of fit for diffen~ 

L 
cilstr",butionS O-rQ concerned. 

Gumbel (1941) Brooks and Corruthers (1953) Gumbel I , 

(1954), Hersh~field a~d Kohlar (1960), Hershtfield 

(1962), Benson (1962) , Hall and David (1963), Shane 

and Lynn (1964), Chow (1964), Markovic (1965), Yejevich 

(1972), Sales and Benyeden (1978) have a.pplied gamma 

distr-ibution with two and threl~ parameter-, :PE?io..Y'~o'" Type 

III, extreme value, bionomial and poisson distr-ibution 

to hydYological data. 

A method that does not involve complicated 

s~atistlcs Is the ranking order method, described by 

Ooorenbos and Pruitt (1977). The assumption in this 
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method Is that monthly rainfall is more or less 

normally distributed (U.M.D., 1982). 

Rainfall Foreeaatina by Movina Averaa. an.d Exponential 
Smoothlna TeohniQue 

Time series analysis is the process of 

determination of the structure and the future estimate 

tor a given activity. Forecasting and prediction are 

used in this text as synonimous terms. A time series 

analysis of good quality is characterised by a minimal 

deviation from the actual activity level in the planned 

period. Undoubtedly experience counts in time series 

analysis for forecasts. Predictions arrived at, through 

the development and proper application of mathematical 

techniques certainly provide more reliable estimates 

than intuitive foreca&ts. 

Ramlingam (1976) sUQ.gest ed least square 

regression, simple moving average, exponential smooting 

and seasonal variations with trend affect techniques 

for time series analysis. Gilchrist (1976) while 

discussing the criteria and tIle process of forecasting, 

fluggested stoc~tic growth curves, probabilistic and 

multIvarIate models. Clarke (1973), under the patronage 

of FAO of the United States reviewed the existing 

literature and mathematical models in hydrology and 

presented the concept in a concise manrer useful (or 

t:,ract i cal engineers in the field. For time series 
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analysis approach to forec~~ting, he illustrated the 

application of fourier series and the Box and Jenkins 

multiplicative models. However the necessary computa-

tions are tedious and time consuming and their appllca-

bility t~ weekly rainfall data needs thorough investi-

gat ion. In general, the shorter the time interval 

between successive values in a synthetic sequence, the 

more difficult it is to find a model that adequately 

describes the characteristics of the hydrological 

variable. The method of transition matrix or the Grace 

and Eagleson's Urn model, as described by Clarke 

(1973) may give solutions to the complex problem to a 

certain extent. However, the computation time required 

increases in cost in proportion to the accuracy. 

2 . 3. 1 Hovina Av.~&a •. Method . 

The global constant mean model which is expressed as 

a = p + E (2.10) . . . . 
i, k.-1 i,k 

lJhere f- is the con:3tant mean and E is one 
i, k 

of the sequence of independ·ent random variable with 

zero mean and constant variance, E l:'ef ers to the 
i J k 

(k) 
the time series a I t is bel ieve..d. that, though this 

model is a good one for short period of time, it is 

unlikely that the value of f for anyone locality in 

time is exactly the same as that for another. Thus the 

demand values that have occured in the more recent 
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periods are considered for estimating the simple moving 

Mathematically. the's' period mo~ing average for 
A 

the forecast of Ct... may be expressed as given by 
-<-... \(-1 

Ramlingam (1976). 

a 
i-1,k-i 

+ •••• +a 
i-b, k.~1 

= -----------------------------------
i,k -1 

1\ 
a 

i, J<,;.-I 

s 

= forecast for the period i, and 

a, k-1 = actual values in periods 
i-1, i-2, i-3, .... i-s. 

. . . ( 2 . 11) 

As quoted by Gilchrist (1976)) Davis pointed out 

that when the interest is in forecasiing, it would be 

more reasonable to use a moving average which gives 

higher weightage to recent data than the past data. 

Brooks and Carruthers (1950) quoted t~at for the 

"R,~ductions of Greenwich meteorological observations" 

th~ 50 years daily averages were smoothed by taking 

means of 5 years a.nd again takJ.ng overlapping means of 

5 of the values so obtained. 

Though this overlapped moving average estimates 

, p . locally in the sense that it assigns maximum 
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weightage to current informa.tion, It' suffers from two 

disadvantages. 

(i) It only uses the recent observations and 
ignores the rest. 

(ii) It does not possess a simple recurrence 
form. 

Ramlingam (1976) further concluded that when a 

forecast is established by usina the moving average 

technique, the forecast tends to be too 10..., if the 

time series has an upward trend. On the other hand, the 

forecast is too high if the time serieu has a downward 

trend. 

In practice ~arious S-values Vhose forecasts 

respond to bonafide movemen~s in trend is selected to 

determine the later forecastu. 

Bxponentlal Smoothlna 

Ramlingam (1976) 
~,. ... 
sta.ted that exponential 

smoothing technique is an f~f£icient for forecasting 

:method. The calculation (If a single exponentjal 

,smoothing forecast is sitilply the L~test plus a 

fraction, This fraction is known as smoo'thing constant. 

This is nothing but the difference bett7een the actual 
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value in the current period and the iatest forecast. 

The equation for the exponential smoothed forecast, 

(k) 
considering annual time series a can be given as 

a = a + ~ (a -a ) .... (2.12) 
Ii 1/:,.-1 i-l,k-i i,k-1 i-l,k-l 

lJhero a = exponentially smoothed for.ecast for the next 
i,k-l 

period. This estimate is used to forecast 

for the next period, 

= exponentially smoothed forecast 

established in the last pe~iod, 

This is the latest forecast. 

~ = smoothing constant (0 < «i 1) 

and a = actual value of the current period. 
i,k-l 

Equation (2.12) can be arranged as 

a 
i,k-l 

= a: a + (1-£10 
i,k-l 

.~.,., .. 

a 
i -1 , le-1 

tJher-e a may be expressed as 
i-l,k-1 

..... (2.13) 
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a = « a + (l+~)a . . . . (2 . 14) 
i-1,k-1 i-1,k-l i-2,k-l 

In this manner by continuing successively the process 

of substituting for 

a a a 
i-2, k-l i-3, k-l i-4, k-l 

and so on, the following equation would result. 

2 
a = e( a + «( 1-G() a + «(~-~) a + 
i, k - 1 i , k - 1 i- 1. , k-l ' i-2,k-l 

3 
~ (1-«) a + (2.1!:) 

i-3,k-l 

According to Ramlingam (1976) the "apparent trend", 

g in peiod i, for the (k-l)th polynomial 
i,k-l 

(k) 
(!()e££icient, annual time series (a ,k= 1,2» ... ,n+l) 

(:,~n be calculated by the follo'-1ing formula 

g = a 
i,k-l 

-a 
i,k-l 

( 2 . 16) 
i-l,k-l 

Now, if G represents·tj)..~ exponentially smoothed 
i,k-l 

trend in period i, then 

G -= G + S( (g - G ) (2.17) 
1. • :k .. 1 1 .- 1 p k .- 1 i , k -. 1. i - 1 • k - 1 
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Subsequently, the expected value of coefficient for the 

current period 'i' is computed by 

Ea = a + (l-eC/8() G .... (2.18) 
i,k-1 i, k i, k-1 

Therefore, the forecast for the (i+1) the period is 

calculated using Ea by EtxtrapolatiCtn. as follows 
i,k-1 

a = Ea + G .... (~ . 19) 
i+1,k-1 i,k-l i,k-l 

The best value of the smoothing constant can be 
. 

established by using the fundamental principles of 

forecasting i.e. it is the value which gives the 

minimum absolute sum of deviation between the actual 

and the expected. 

L 3.3 Eatimation of weekly rainfall by other method 

For the analysis of hydrological data Todorovic 

and Yevejevich in (1969) and Clarke (1973) have used a 

particular period data of all. years for the purpose of 

.. ~ ..... 
forecast. 
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In absence of reliable working' models. field 

engineers use probalistic appraoches to compute 

rainfall. The Ueibull formula. generally applied for 

Orissa condition [Pandit (1990), Beura (19S1). Mohapa-

t~a (1991)] to obtain rainfall at different probability 

levels. 

Basu and Khamuri (1989) used the statistical 

theory of association in fo~ecasting the rainfall 

"unount by utilising the prevailing synoptic 

meteorological condition. during the period 1982 to 

1987. The meteorological condition responsible for 

different rainfall ranges has been classified and 

the measures of association of such rainfall ranges on 

the pat'ticular synoptic weather s 1 t·u.at ions at'e 

calculated by Yule-coe~flcient of a~sociation and 
t04", idu .. t. 

TschuproW's/throush contisencytable method. 

Upadhaya et al. -- ( 1 9 a 6) '1 sed the d~,namlcal ap-

proach for quantitative precipitation f~recast. The 

quantitative p't'e.cipitation forecil.st refers ":0 the quan-

tity of rainfall expected at a point or in a catchment 

dUt'.i.ng the specified duration:····'say 12 hr. ()t' 24 hr. 

Gowarikar et al~(1991) us~a power regression 

for long range forecast of south west monsoon 

K e..~n t all over :£ ndi a. 
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Foreca.tina Of On •• t of Effective Monaoon and Critical 

The important charact~istic of rainfall influenc­
" 

ing production of crops is the date of onset of a spell 

of rain which wIll enable In buIldIng up a minimum 

moisture content in the soil. The duration of this 

spell, the date of occurrence and duration of interven-

lng dry spells, distribution of weekly minimum, maximum 

and normal rainfall, seasonal rainfall and number of 

~ainy days are also of prime importance. An advance 

knowledge of the moonsoon would enable a farmer to plan 

his cropping strategy. Reliable forecasting of the 

;c"ainfall will enable the farmer to choose his imple-

ments, taking advantage of available soil moisture 

conditions (Ashok Raj, 1979). 

Forecasting of rainfall can be done by different 

methods.Slngh (1979) has used different techniques for 

forecasting of weekly rainfall. 

Gowariker et al. (1991) used pC\/er regression 

model for long range forecasting of south west monsoon 

c"a.infall over India. This is a complicated procedure. 
~'"., . 

This utilizes 16 parameters which is a cumbersome proce-

dure. Based on this model the Indian Meteorological 

Oepa~tment has been issuins the operational long range 

forecast ot monsoon rainfall over India since 1988 and 

these forecasts have proved to be correct. 
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Basu et ale (1989) has used s·tatiutical synoptic 

model for forecasting of daily rainfall over Mayurakshi 

basin area. This is a quantitative rairLfall forecasting 

method used for flood forecasting. This needs Yule's 

coefficient of association and Tschuprow's coefficient 

t~roush contigency table method of forecasting. 

Ashok Raj (1979) ha{) developed a forecasting 

model using simple statis1:ical calculation for the 

prediction of onset of effective monsootl. average number 

of critical dry spells and their duration, the end of 

effective monsoon etc. 

Raman (1974) analysed the daily rainfall data in 

order to forecast the commencement of flowing rain for 

'black cotton soil area of rtaharast1"'a. He defined the 

commencement of sowing raiu as a 7 day spell with a 

total raInfall of 25 mm out of which 5 days must have I 

mm or more rain each day, which would be sufficient to 

provide moisture res.erv~ for <!ommencement of sowing. But 

one ~iUimeter is too small to call a day as rainy day. 

The Indian Meteorological Department defines a rainy day 

as a day with atleast 2.5 mm rainfall. 

Effective Honaoon 

Ashok Raj (1979) defIned effectj',e monsoon from 

the agricultural point of ViHW that any j;,ainfall should 

be high enough so as to havt! the soil profile charged 

.. dth enough moisture aftet' meeting ehe evaporation 
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losses to take up agricultural operations. He suggested 

that, the knowledge about the texture and moisture 

retaining capacity of the solI along with the crops to 

be grown should be gathered to calculate the amount of 

~alne required for taking up agricultural operatio~ in 

Qrder to define the effective monsoon in a more precise 

term. For large areas the daily rai.n£all data will be 

a:II'ailable but the soil textur(~ differs. Hence the above 

definition of effective monsoon holds good as a general 

one. 

Onset of Effective Monsoon 

Ashok Raj (1979) has dHfined a 7 days spell must 

satisfy the following conditions to be defined as the 

da.te of onset of effective monsoon. 

(i) The first day~ rain in the 7 day spell is not less 

than the averase daily (waporat ion In millimet er . 

(ii) If 'e' is the average daily evaporation then the 

total rain during the 7 day spell is not less than 

(5e+l00) mm. 

(iii) At least 4 out of theso 7 days arE! rainy days as 

def Ined by Indian l'leteo!'ologlcal Df!partment. 

The siQ,n.ificance of tbe first conditio", is that 

if the average daily evapot"E,tion of a t:,lace is 'e' mm 

and after a prolonged dt"y epell, if the rain on the 

first day of a 7 day- spell J8 less than 'e' mm then it 
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is clear that no water will be available for the 

solI on that day. The second condlton sIgnifies that 

(5e+10) mm of rainfall in a 7 day-spell will allow 10 

mm of water left on the soil for agricultural opera­

tions. The third condtion signifies that enough mois­

ture reserve is buIlt up in the soil Rnd enable& the 

ldentification of seve~ day spell as the onset of 

effectIve monsoon otherwise such 7 day spelh are known 

as pre-moonsoon showers. 

Critical Dry Spella (CDS) 

The interval be\:ween the end of the 7-day spell, 

beginning with the onset of effective monsoon and 

another rainy day with 5 e mm raIn or. the commencement 

of another 7 day raIny s~ell wIth a total of 5e mm 

minImum rainfall then this spell can be defined as the 

first dry spell. 1f the dUration of thIs dry spell 

exceeds a certaIn value depending cn the crop-soil 

complex of the place under consIderation, then this dry 

spell is called the fIrst crItical dry spell. On the 

other hand such spells are included i~ first wet spell. 

\lat. S.)elI 

The interval betweEn the on~Ht of effective 

monsoon and the conlmenc emer:. t 0 f the f j 1'st cr i tIcal dry 

spell is called the first ~et spell. The subsequent wet 

spells are defined as the Inter.val between the crItical 

dry spellA. Thus the wet spells are spells of prolQ~~~ 
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~ain with possible inte~vening d~y spell of du~ation 

less than the value which makes the d~y spell c~itical. 

Forlc •• tina of Dry and Uet Spell. 

The suceess or failure of crops particularly 

under rainfed condition, is closely linked with the 

rainfall pattern. Particularly in regions where rainfall 

.La erra.tic or' where aho~t d1'y periods <:an be expected 

wi thin the wet seaso~1 it is important to know the 

p['obability of having consHcutive dry periods of 2 or 

3 weeks during the g~owing ueason of a c['op. Hence fo~ 

the purpose of crop planning and to carry out the 

agricultural practices it is important to know the se­

quence of dry and wet periods (Pandarinath, 1991). 

Victor and Sastry (1979) used the :Markov chain 

probabIlity model to find the long term frequency 

beha.vior of wet or dr'y wea.ther spells. 

Markov chain model haa also been used for compu­

tation of probability of occurrence of daily precipita­

tion by Stern (1991). 

Pandarinath (1991) usod the Markel'J chain model to 

study the probability of dry' and wet spells in terms of 

the shortest period like week. Uhen applied to the 

periods like week. this model enables the determination 

of probability of occurrence of dry or wet weather 

during the preceding week. 
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Robertson (U.M.O., 1S'82) has .al~() applied the 

Markov chain model with daily rainfall d8~a to establish 

d~ought frequencies. He suggested that if such a period 

coincides with a sensitive phenolagical ~rtage this could 

damage the crop development. On the otherhand, dry 

periods at the ripening stage of the crop are some 

times beneficial. Robertson has considered 10 day 

periods for the drought frequency calculation. 

Robertson (U.M.O., 19U2), defined a dry decade 

if the decade rainfall i.e.10 day rainf.all in 

tota.l is less than 30 mm CLnd the 'Wet decade if the 

decade rainfall is 30 mm or m()re. He used the following 

method f or cal cu 1 at i on 0 f 1:he probabl lit i es 0 f the 

r1ecade. 

(i) P CD) = F (D) In 

(ll)P(DD)=F(DD)/F(D) 

(iii) P(U) = F(U)/n 

(i.v) P(UU)= F(UU)/F(U) 

Uhere, F(D)-actual number of dry decades 

F(U) = actual number of wet decades 

(2.20) 

(2.21) 

(2.22) 

(2.23) 

F (DD) = the number of"dry decades that are 

preceded by dry decades 

n = the total numbHr of decadHs taken 

for' analysis 
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It is now possible to calculate the probability 

of a certain number of consecutive wet or dry decades 

starting at anyone decade during a certain year. ~The 

two 
probability of / consecutive wet decade.s or dry decade$ is 

tCi.'};c.ulca.eetA by the following formula given by Robertson 

(U.M.O, 1982). 

2-1 
P(U2.)=P(U) x P(UU) 

2 -1 
P(D2 )=P(D) x P(DD) 

(2.24) 

(2.25) 

Similarly Pandrinath (1991) has calculated the 

probabi 1 i ty of dry and wet ,",reeks durine~ monsoon period 

over Andhra Pradesh. He has taken th~ duration as 7 

days only of the moonsoon t,erlod. The monsoons weeks 

are counted from 1st June to 30th Sep~ember. Ulth a 

view to cover the eatire monsoon season the 17th week 

Is taken as 10 days. He considered a threshold of 20 mm 

per week to demarcate dry weeks. i.e 1n a given week 

when the raInfall is less than 20 mm that week has 

been classified dry week and a week with 20 mm or more 

rainfall as a wet week. 

The various formulae used···.:in calculation by Pandarinath 

(1991) is as follows. 

(i)P(d)=F(d)/n where P(d)=pJ:'obability c.£ the week being 

dry, n=no. of years data used, Fed): frequency of 

dry weeks 
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(il)=P(dd)/F(d), where P(dd)::probabilit~r of the dry 

weeks preceded by another dry week (Condi t 1 ona.l ), 

F(dd)=frequency of dry week preceded b~r another dry 

week 

(iIi) 20=P(dwl)xP(ddw2) I where 20== probability of 2 

consecu~ive dry weeks, P(dwl) probability of the week 

being dry (1st week), P(ddw2)=probability of 2nd con­

secutive dry week, given the preceding w·~ek being dry 

(iv) 30=P(dwl)xP(ddw2)xP(ddw3), where 3D=probability of 

3 consecutive dry week, P(ddwJ)=probabillty of 3rd week 

being dry, given the precedina week dry 

(v) PCw)=F(w)/n, where P (w) ::probabi I i t~r of the week 

bet~Cj wet 

FCw)=frequency of the we": week 

P (ww) , ZtJ, and 3tJ <Vi.e, cal culat ed in the same way 

a.s the P (dd) , 2 0 • 3 0 and the notations used are 

having the same meaning except the weeks being wet. 

forec •• tina of Commencement (ff Sowina Rain 

An important aspect of (:rop plannin,g is backward 

a.nd forwar'd accumulation of rcdnfall to determine the 

onset and termination of wet snaaon based on precipita-

tlon data. Farmers's cropping strategie~i are greatly 
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influenced by the variability of the OnSE!t and end of . " 

rainy season. Generally farmel's' s opt fOl' planting or 

broadcast their seeds when a certain amount of rainfa~l 

has sufficiently moistened the top soil. If for a longer 

period i.e. at least 25 years. the daily or weekly or 

decade rainfall is summed forward or backward from the 

peak of the dry season, until certain amount of rainfall 

is accumulated then the probability of h£oing received 

given amount of rain can be obtained for each time 

interval chosen (Y.M.D., 1982), 

Moris and Zandstra (Y.M.D., (1982) hav .. choosen 

the rainfall amounts for forwar'd and back",'u,rd accumula-

tion of rainfall depending on experienc(!. They have 

advocated that 75 mm accumulation of rainfall has been 

considered as the onset.time for the growIng season for 

dry seeded crops and 200 mm accumulated rainfall for 

initiatIon of puddling i.e. wet land preparation of rice 

fields.Similarly the end of the wet season was deter-

mined by backward summing of rainfall datiL. It is con-

sidered that 500 mm and 300 mm accumulated values repre-

sent that the period after which sufficient rain would 

be expected to sustain a second rice crop or other short 
f:~ . 

duration field crops, assumins a fully charged soil 

profile at planting. 

The method adopted by Y.M.D (1982) for the study 

of the forward and backward accumulation of rainfall 
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influenced by the vaI'iability of the .0.~SE!t and end of 

I'ainy season. GeneI'all y £ armel's' s opt f 01' plant ing or 

broadcast their seeds when a certain amount of rainfa~l 

has sufficiently moistened the top soil. If for a 10ngeI' 

period i.e, at least 25 years, the daily or weekly OI' 

decade rainfall is summed forwaI'd or backward from the 

peak of the dry season, until certain amount of I'ainfall 

i:::I accumulated then the probability of hEoing received 

given amount of I'ain can be obtained (OI' each time 

interval chosen (U.M.O., 1982), 

Moris and Zandstra (U.M.O., (1982) have. choosen 

the rainfall amounts foI' forward and back~aI'd accumula-

tion of I'ainfall depending on expeI'ience. They have 

advocated that 75 mm accumulation of rainfall has been 

considered as the onset.time for the srowins season for 

dry seeded crops and 200 mm accumulated rainfall for 

initiation of puddling i.e. wet land preparation of rice 

fie1ds.Similarly the end of the wet season was deter-

mined by backward summing of rainfall datCL. It is con-

sidered that 500 mm and 300 mm accumulated values repre-

sent that the period afteI' which sufficient rain would 

be expected to sustain a second I'ice CI'OP or other short 
':'" 

duration field crops. assuming a fully chaI'ged soil 

profile at planting_ 

The method adopted by U.M.O (1982) for the study 

of the forward and backward accumulation of rainfall 
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influenced by the vaI"iability of the .0.~SE!·t and end of 

t'ainy season. Genet'all y £ at'met's • s opt f Ot' plant ing or 

bt'oadcast theit' seeds when a certain amount of rainfall .. 

has sufficiently moistened the top soil. If for a 10ngeI" 

p e [" i 0 d i . e, at leas t 2 5 yea r s, the d ail y 0 r vee k 1 YOI' 

decade t'ainfall is summed forwaI"d OI" backvaI"d ft'om the 

p~ak of the dI"Y season, until cet'tain amount of t'ainfall 

is accumulated then the pt'obability of hEoing received 

given amount of rain can be obtained foI" each time 

interval chosen (U.M.O., 1982), 

Mor-is and ZandstI"a (U.M.O., (1982) havt. choosen 

the rainfall amounts for fOI"wa~d and back~ard accumula-

tion of rainfall depending on experience. They have 

advocated that 75 mm accumulation of rainfall has been 

considered as the onset.time fot' the St'owins season for 

dt'y seeded crops and 200 mm accumulated rainfall fot' 

initiation of puddling i.e. wet land preparation of rice 

fields.Similarly the end of the vet season was deter-

mined by backward summing of t'alntall data. It is con-

siciered that 500 mm and 300 mm accumulated values t'epre-

sent that the peI"iod after vhich sufficient rain vould 

be expected to sustain a second rice crop or other short 
I:" .. 

duration field crops~ assuming a fully charged soil 

profile at planting. 

The method adopted by U.M.O (1982) for- the study 

of the forward and backward accumulation of t'ainfall 
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ove~ Thailand is as follows. Fo~ the fO~~R~d accumula-

tion the decade ~ainfall fo~ each yea~ is added, f~om 1st 

decade to find the decade numbe~ in which 75 mm and 200 

mm ~ain£all has ~eached. Similarly for backward accumu-

latlon the cummulative rainfall Is calculated f~om the 

last decade of the year to the 1st decade to find the 

decade in which 100 mm, 300 mm and 500 mm rainfall are 

accumulated. The years are al1.otted with rank number 

according to their se~ial. For each rank number- the 

p~obability is calculated by the simpl~ statistical 

for-mula given below. 

P::(l/m+l)xlOO (2.26) 

Uhere 'm' is the r-ank number-. The rank numbe~ and 

thei~ probability level~ arr'anged in, ascending or-der 

along with their corresponding decade for £orwa~d 

a.(~(!umulation of rain water. Similarly the rank number 

and their probability level cvtC~ arranged in descending 

order for- backward accumulation. The probability levels 

and the decades for 75 mm, 200 mm, 500mrn., 300mm and 

100mm rainfall are plotted on a gr~"h to c:alculate the 

cOt'r-esponding decade in which the desired volume of 

rainfall can be expected at a desired level of probabil-
f .,~. 

ity. 
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Yater Requirement of Crop. 

tJater requirement of crops is definEld as the depth 

of ~ater needed to meet the ~ater loss through evapo-

transpiration of a disease free crop, gI'o~ing in large 

fields under non-restricting soil conditions including 

soil ~ater and fertility and achieving full production 

potential under the given growing enviroment. (Dooren-

b 0 s an d PI' U itt .1 1 9 7 7 ) . 

Doorenbos and Pruitt (1977) suggested the 

follo~ing methods for the calculation of reference crop 

~va.~otransp i r.o..t.ion [ETo]. 

Modified Blane¥ - Criddle MQtho~ 

The recommended relationship is 

ETo = C [ P(O.46T + 8)] (2.27) 

Where ETo = Reference crop evapotranspiration in mm / 

day for the month considered 

o 
T = Hean daily temperature in c over the month 

considered 

p ~ Mean daily percentage of total annual day time hours 

C = Adjustment £act01" ~hich depends on minimum 

L~elative humidity. sunshine hours and day timEl ~ind 

estimates 
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Modified Radiation Method 

The relationsh ip recolllme'Y\tL(~d is exprp.Hsed as 

ETo = C [ W.R ] 
s 

(2.28) 

Uhera R = Solar radiation in equivalent evaporation in mm / day 
s 

W = Weighting factor which depends on temperature and 
altitude 

and C = Adjustment factor which depends on m~an humidity and 
day time wind conditions 

2.7.3 Modified Penman Method 

The form of the equation in this met,~lod is 

WherEl 

ETo = C [ W.Rn + (l-W).f(u). (e - e )] (2.29) 
:to d 

~J = Temperature related weighting factor 

Rn. = Net radio,,tion, in equivalent evaporation in mm / day 

feu) = Wind related function 

(e - e)=Difference between the saturation vapour pressu~e 
a d 

of the air t8mpet'atuI."'e and the mean actual 

vapour pressure of the air both in mbar 

r - Adjustment factor to compensate for the effect of day 

& n i g h t we a the [. con d i t ion s • 
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2. 7 .4 Pan Evaporation Method 

Refer-anee crop evaportranspiration (ETo) can be obtained from 

TJhere 

2 . 7 .5 

ETo = Kp . Epan (2.30) 

Epan = Pan evaporation in mm / day and represents the 

mean daily value of the period considered ~ 

Kp = Pan coefficient, ~hich depends on the type of 

pan, humidity, ~ind condition and pan 

enviroment. 

Estimation of Factor "e" 

The adjustment factor "c" of the Blaney - Criddle 

method, modified Radiaton method and modified Penman 

method Is difficult to calculate. In the previous two 

methods the factGr "c" is calculated from graphs as 

given by Doorenbos & Pruitt (1977). The factor "c" for 

Penman method Is also diffIcult to calculate from the 

table given by Doorenbos & Pruitt (1977) as this de­

pends on both day & night condition. 

Allen & Pruitt (1991) hav~ suggested easier 

solution for the calcula-t,ion of the adjustment factor. 

They have replaced the graph by reg~ession equations 

which is easier to calculate. The,I'egI'ession equations 

of the factor "c" for all the three methods are as 

follo\ols 
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The adjustment factor HC" {or no4i£ied Blaney 

Criddle Method 

.'. 

The adjustment factor 'c' in Blaney Criddle 

method was best estimated using a seven parameter model 

·0£ the form 

C = 0.908 - 0.00483 RH min + 0.7949 nlN + 

2 
0.0768 [In CUd + 1)] - 0.0038 RH min 

0.000433 RH min Ud + 0.281 In CUd +1). In (n/N + 1) 

2 
- 0.00975 In (Ud + 1).[ln (RH min +1)] ,In (n/N+1) 

(2.31) 

tJhere 

RH min - minimum daily relative humidity in per ~~~t 

nlN - mean ratio of actual to possible sunshine 
hour 

Ud - day time wind velocity in m I sec. 

The limits on parameters as suggested by Allen & Pruitt 

for equation (2.31) are 

o < RH min < 100 % 

o < nlN < 1.0 

-1 
o ( Ud < 10 m s~~ 

The '+1' values o...r-e necessary to allow use of the 

equation for parameter values equal to O. 
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2 . 7 .5. 2 Adjustment facto~ fo~ modified Radiation Method 

Allen and Pruitt (1991) has suggested that the 

rest'ession model presented by Ft'evet't et al. (1983) to 

calculate the 'c' factor tot' radiation method ~rovides 

.good estimat.e5(. The Ft'evert et ale (1983) model for the 

t'adiation equation)adjustment factor'c' ~ith coeffi-

cient t'ounded to signific&nt digit is 

C .-.- 1.066 - 0.00128 RH mean + 0.045 U d - 0.0002 RH mean 

2 2 
U d - 0.0000315 (RH mean) - 0.001103 (U d) ... (2.32) 

tJhere 

RH""Q.Q..4oI - mean daily relative humidity .i.n per cent 

U c.f - daytime wind speed In / sec. 

Limits on parameters as suggested by Frevert et ale (1983) for 

the equation (2.32) are 

o < RH M~a.h < 100% 

-1 

O<Ud < 10msliCo 
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2.7.5.3 AdJu.tm.nt facto~ fo~ modified P.nman Method 

c = 

lJhel'e 

The adjustment factor 'c' for Penman metho~ can 

be best estimated using a ninn--paramet er model 

comprised of combination of variables. The resulting 

equation Is of the form 

0.892 - 0.0781 U + 0.00219 
d 

U 
d 

0.000196 U . RH 
U d 

n 

2 
+ 0.00000236 (U ) . RH 

d 

U 

max 

d 2 U 

+ 

U R + 
d s 

0.0000198 

. R 
$ 

0.000402 

\j 

d 

U 
n 

RH 

U . 
d 

.R 
max s 

RH 
max 

U 
d 

+ 

R 

- 0.0000086 ( ----- ) d . RH - 0.0000000292 -----

2 
(U ) 

d 

2 
eRH ) 

max 

U 
n 

R -0.0000161 
s 

max 

RH (R ) 
max s 

U - day time wind speed in m / sec 
d 

',;.' .. 

U 
n 

2 
.... (2.33) 

s 

U 
d 

/ U - the ratio of day time to night time wind speeds 
n 

RH - maximum daily relative humidity in per cent 
max 

R - daily global solar. radiation, mm / day 
s 
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Doorenhos and Pruitt (1977) recommended sett~ine; U / U to 2.0 
d n 

wh en -a.n.known. 

Limits on parameters for modified Penman 'c' factor in 

equation (2.33) are 

-1 
3 < R < 12 mm d 

s 

30 < RH < 90 % 
max 

o < U < 9 m s 
d 

-1 

1 < U / U < 4 

However, 
d n 
Allen & Prujtt (1991) suggested that 

parameters outside these ranges should be set equal to 

the approprIate lImIt before use of the equation. 

2.7.6 Crop Coefficient 

The four methods described previously predict the 

effect of climate on refel·ence crop -evapotranspiration 

(ETo). To account for the effect of the crop 

charo..cteristics or crop water requirnments, crop coef-

f i c len t ( K c) nee d t 0 be e ~: tIm ate d . • ~.» . 

Appropriate selection of Kc valu·as are estimated 

taking crop charC\.cteristies, time of plantIng or sowing 

and stages of crop development and general climate 

condItIon. 
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Door-enhos and Pr-uitt (1977) r-ecommended sett~ine: U / U to 2.0 
d n 

when -a.nknoW'n. 

Limits on parameters for modified Penman 'c' factor in 

equation (2.33) are 

-1 
3 < R < 12 mm d 

s 

30 < RH < 90 % 
max 

o < U < 9 m s 
d 

-1 

1 < U / U < 4 

However-, 
d n 
Allen & Prujtt (1991) suggested that 

parameters outside these ranges should be set equal to 

the appropriate limit before use of the equation. 

2.7.6 Crop Coal£lclent 

The four methods described previously predict the 

effect of climate on refex'ence crop -evapotranspir-ation 

(ETo). To account for the effec't of the crop 

charo..cteristics or crop water requirnments, crop coef-

ficient eKc) need to b.e .. }~.~:tlmated. 

Appropriate selection of Kc valu-as are estimated 

taking crop charlActeristic:s, time of planting or sowing 

and stages of crop development and general climate 

condition. 
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The water requirement of different crops are 

determined by the following equation (Doorenbo$ and 

Pruitt (1977). 

ET crop 
tJhere 

ET crop 

Kc 

= Kc x ETo . ........... (2.34) 

= Crop evapotranspiration or water 
requirement in mm / day 

= Crop coefficient 

a.nd ETo = Reference crop evapotranspiration 

2.8. Growina Oearee Days 

Growing degree days are culculated by the 

following formula as sUBgested by Ratnam and Ka~l (1990). 

n Tmax+Tmin 
Growing Degree bays (GDD) = E ----------

tJhere 

i=1 2 

o 
= daily maximum tempe~ature in ~ 

o 
= daily minimum temperature i~ C 

".-" .. 

o 
10 ... (2.35) 

The temperature of ten degrees is considered as 

the base temperature, whlch is substracted from the 

average temperature below which the plant will not 

develop. 
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They have studied the significance of g~o~ing 

degree days to crop in Karnataka. 

Ganeshan et al. ( 1988) have attempted for obtain-

ing ~elationship bet~een yield of ragi ~ith g~o~ing 

deg~ee days. They have also calculated the g~o~ing 

degree dayswHtjthe same formula mentioned above. 

They have ~elated the yield of ragi ~ith gro~ing 

degree days th~ough the follo~in9 ~ode~ 

(1) Y = a + bx ............... (2.36) 

(ii) Y = a +b logx ............. (1.37) 

a +bx 
(iii) Y = e ........... (2..38) 

a +blogx 
(iv) Y = e ............ ('2.39) 

a+blogx 
They have concluded that Y = e model 

has yIelded the best correlatIon cOeffIcient bet~een 

the yIeld of ragi and sro~ins degree days. 

2.9 C~op - Ueather Hodel 

Crop yield is affected by technological changes 

and ",eather variability. Technological changes 

includes the impact of increased fertilizer 

applications, improved ~.nagement practices and pest 

control, high yielding seeds and other man controlled 

£acto~s designed to increase yield. It can be assumed 

that the technologIcal factors "'ill increase yield 

smoothly through time. Weather variabIlity both ~lthln 
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SInd between seasons is the second and only 

uncontrollable source of variability in yields. 

The extent of weather influence on crop yield 

depends not only on the magnitude of weather varia.bles 

but also on the distributIon pattern of weat6er over 

the crop season. Hence it is necessary to divide the 

whole crop season into suitable intervals. This will 

increase the number of variables in the model which 

ultimately needs large number of data to be evaluated_ 

The other approach is to decrease the number of 

variables in the model. The number of variables can be 

decreased by taking weather. variables during some 

perIods only when variables show significant 

correlation wIth yield. This approach has been adopted 

by Indian Meteorological Department. 

As quoted by Agrawal & JaIn (1990), Das (1971), 

Sarkar (1977)o..na Sarwade (1988) have adopted the 

aforesaid approach to develop the models for crops. 

They have identified significant correlations between 

yield and weather factor during successive overlapping 

periods of 7 to 60 days of the crop growing seasons. 
f, 

By analysing the correlation coefficients for 

statistical and phenological algnlflcance, the critical 

periods vhen the weather parameters have significant 

effect on yield are r-ecorded. These are used tht"'ough 

multiple regression analysis to obtain the forecast 

equation. 



As stated by Agra~al & Jain (1990). Fisher in 

1924 suggested that the effect of change in ~eather 

variable in successive ~eeks ~ould not be abrupt or 

erratic but an orderly one that follo~s some 

mathematical la~. He assumed that these effects are 

composed of the terms of a polynomial function of time 

as given belo~ 

Aw = a [f (~)]+ a [f (~)] + a [f (~)] + .... + a [ f (~)] 

k k 

Agal.n 

o 0 1 1 2 2 
•. < (2< 40 a,) 

TJhere 

A~ = the effect of unit chan.ge in ~eather variable on 
yeild in the TJ th ~eek 

a • a • a ..... a are constants to be determined 
012 k 

The function f (~) is orthogonal polynomial of the i th 
i 

degree ( i = 1, 2, 3, .... k) 

x~ = f [£(~)] + t [£ (~)] + f [£ (~)] + ... + £ [f (~)] 
01122 k k 

(2. 40 b) 

.•.. .,. ... 

Uhere Xw = the rainfall in Uth ~eek 

and fi = the distribution constants of X~ 

Substituting the expr-ession £01' A~ and X~ in 1'eg!'ession 

equation 
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Y = A + A X + A X 
01122 

+ ..... + A X 
n 

Where 

Y = crop yield 

(2.41) 
n 

Util.lsing the pr·opC!.rt.:;t;Q.$ of orthogonal and normalised 

function f (w) • Fisher obtained 
i 

Y = A + a ~ + a f + 
00011 

.. , + a f 
k k 

. . . .. ( 2 . 42) 

He suggested to use K = 5 for most pr-actial situations. 

Fisher- has used this model for studying the in}luence 

of rainfall on yield of wheat. 

Agrawal & Jain (1990) also stated that Hendr-icks 

& Scholl havemodifie~ Fishet··s technique. They divided 

the ct .. op s e-ason into • n • weekly intervals and have 

~s~med that a second degree polynomical In week number 

would be sufficiently flexible to express the r-elation-

ship. 

Mathematically. this is expressed as 

Aw = a 
o 

+ a 'IN + a 'IN 

1 2 

This is in PEU"ticular 

....... (2.43) 
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2 
A. = a + i.a + 1. a 

1 0 1 2 

2 

A "- a + 2.a + 2.a 
2 0 2 2 

Substltu1ing the expression for Aw in regression equatio~ the 

model was obtained as 

Y = A + a 
o 0 

X -t a E w. 
w 1 w 

2 
x + a E w . x (2.44) 

'vi 2 'W w 

In this model, number of constants to be determined reduced 

to 4,1~raspective of n . The equation (2.44)w&s extended for 

two weather variables to study joint effect. 

Stacy et al.(1957), Runge (1968) have used the model of 

Hendrick~l and Scholl to study the joint effects of temperature 

and rainfall on crop yields. 

et a1. (1980, 1983, 1986) & Jain et al. (1980) 

have modified the Hendricks and Scholl model expressing efft';cts 

of in weather variables on yield in the wth week as 

second d,:~gr'ee polynomial in respective correlation coefficients 

between yield and weather variables. This wj II explain the 

:--elationship in a better way as it giYes approprjate weightage to 

lifferent periods. Under thi s aS~lumpt ion, the models Wt'!r'e 

leveloped for studying the effects of 'Weather val' tables on yiFJld 

IS ing c')mplete crop season data wher(~a::; forecast model ut i J iSt~d 

A. r t i ell <.: r 0 p season data. 
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With this modification, the model for studying individual 

ef,~ects becomes 

y + b z + 
o 0 

b z + b z + CT •••• (2.45) 

·1 ·1 2 2 

Where Z's are generated variables. 

Its crop yield~a , b, j = 0, ·1, 2, ) and e are constants 7 

T is year number included to correct the long term upward or 

downward trend in yield. 

Agrawal et.al. (1983) developed models for studying joint 

effect~ of weather on yield and forecast model. 

The models were further modified (Agrawal et ala 1986) by --
ex pre s ~. i n.;/ the e f f e c t s 0 f c han g e sin we a the r v c\ ria b 1 e son y i e 1 d 

;n wth week as a linear function of respective correlation 

coeffi~ients between yield and weather variables. As trend. 

effect on yield was found to be significant, its effect was 

removed from yield while calculating correlation coefficients of 

yield with weather variables to be used on weiqhts. Effect of' 

second degree terms of weather variables were also studied. In 

total Agrawal et ala (·1986) developed eight models from the 

earlier models. 



Model I 

d. + 

This is the earlier model 

b z + 
o 0 

b z + 
1 1 

b z + c T 
2 2 

... (2.46) 

Model 1 I In thi s mod e 1 e f f ects 0 f wea thE'I' on yield in 

different weeks were expr'essed as linear function of respective 

correlation coefficients of weather variables arlci yield. 

The model is 

Y = a + b z + b z + c T ....... (2.47) 
o 0 1 1 

Model ( I I & IV 

These models are same as model I & I I 

respectively except that r is obtairled using acljusted yield. 

Model v This is obtained by including quc.,lratic terms of 

weather variables in model 1. 

Y = a + b z + b 
001 

z + b z 
1 2 2 

+ b z + b 
00 00 11 

z 
11 

+ b 
22 

z' + C T 
22 

..... ( 2.48) 

Model VI This is obtained by including quadt'atic terms of 

weather variables in model II. 

¥=.:(+'o z + 
() 0 

b 
1 

z 
1 

+ b z + b 
0000 .• " •. 11 

z 
11 

+ c T .... (2.49) 
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Model VII & VIII 

These models are same as ~odels V and VI 

respectJvely except that correlation coefficients are obtained 

using adjusted yield. 

These models were extended for studying joint effects and 

d~veloplng forecast models. 

Agrawal et al. (1990) have used the following models to 

study the effects of weather variables on crop yield and forecast 

model for. wheat crop in Amritsar. 

Model for studying single effect 

Y = a + b z + b z + C T 
o 0 1 1 

Model for studying joint effects 

Y = a (1) z + b z + b z 
i j i j i ' j i' j ii' j 11' j 

............ (2.50) 

) + C T ..... (2.51) 

r is the correlation coefficient of yield and the 
ii'", 

product of the two ",eather variables, i & i' taken to study 

joint effect with week. 

Ganesan et al. (1988) have usnd the following models for 

obta.ining relation bet",een yield_p.,f ragi & \JHather par~meters 

"like- days, opc!n pan Hvaporation and 

evapotranspiration. 
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The models were 

a + b log x 
v .- e ................... (2.52) 

y - a + b x ................... (2.53) 

'{ ::: a + b log x ., .................. (2.54) 

a + b x 
and Y = e ................... (2.55) 

lJbere Y = Yield of ragi in o",/ho.... 
x = Weather parameter i.e. growing deg~ee days or open 

pan evaporation or evapotranspiration. 

a + b log x 
They found Y = e is the most suitable model. 

Shankar and Gupta (1987) while studying the effect of 

weather variables on yield of paddy at Chinsura have adopted the 

model 

y = a + b x + 
1 1 

where CL b b 
1 1 2 

b x + 
2 2 

...... b 

...•.. + b x .......... (2.53) 
k ·k 

f':, 
are all constants 

k 

x X ....... X are the weather element,,; during different 
12k 

phenological periods of crop growth and Y is th~ yield. 



CHAPTER III 

MATERIALS AND METHODS 

The detailed description of the materials used 

and methods employed during the course of study is 

described below. 

3.1 Site Selection 

\ 
I 

Bhubaneswar is situated at 20 degree 15' N lati-

tude, 85 degree 32'E Longitude and at 25.9 m above the 

mean sea level. It is situated 64 Km away from Bay of 

Bengal towards West. The climate of Bhubaneswar is sub-

humid. It is characterised by hot summer and general 

dryness except during the suuth west monsoon which 

covers the period from mid-June to ririd--October, with 

uneven and heavy rainfa!l. As the present study is based 

on meteorologi cal data, BhubanHswar is thE! only place in 

PIH"i district of Orissa for ....,hl.ch the datcl are available 

for a considerably lon,~er period. 

~2 Meteorological Data 

The data are collected from meteorological ob-

servatory of Orissa Universitx of Agriculture and Tech-

nology, Bhubaneswar for this study. Daily continu-

ous rainfall data for 42 years from 1950 to 1991 are 

collected for the present study to make rainfall fore-

c~'ting through different m&thods. Daily continuous 

maKimum and minimum temperature relative humidity. 
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sunshine hour wind velocity data are collected 

over 32 years from 1960 to 1991 for the calculation of 

crop-water requirement and development of crop weather 

models. The yield data of crops such as arhar,ground nu~ 

~aize and upland paddy, ov~r 16 years are collected 

Agriculture, 5.esearch Farm of Central 

Research Station, O.U.A.T., Bhubaneswar. 
• 

3.3 Ci~lcu1ation of Persistence Test and Se[-ia1 CO~'elation 

C,;)Ctff.i.c:.i.ent 

The daily continuous rcdnfall datc~ collected are 

fed to the computer. The daily rainfall Heries is divid-

ad into annual blo~ks each bt!gining on th.e 1st January 

of every year and ending on the 31st December of that 

year. The daily data have bf~en converu.d to standard 

'.;'=ekly data as the crop planning is fold-de on weekly 

ba.sis. 

The weekly rainfall data series CcLl1 be expressed 

in double subscripted form as 

(r ,i=1,2, 
i . 

I J 
42; j =1,2. ...... 52) 

h 
which represe~s rainfall in the jth week of ith year 

a.nd this can be arra.nged in.p. 42X52 matrix. 

The most common techuique of d-eterrnining the 

degree of persistence in a time series ""hieh has been 

followed in this study is by "serial corl'~lation coeffi-· 
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cient". The serial correlp.l:ioh. coef f ici ent ., at lag k 
I<. 

for a finite series is calculated"by ~he formula given 

bV Kendal and Stuart (1968), Fiering and Jackson (1971) 

and Yevjevich (1972) and is given below 

1 ij-k 
------ E:. (r -r) (I' -I') 

N-k i=l i.J i+k,J p=--------- ___________________________ ...... (3.1) 

~ 1 N 2 
£. (I' - r) 

N i=l i,j 

N 
tJhere r=l/N E r, ' 

i: 1 ',! 

N= Total number of year (42 in this study) 

p= Unit of Lag (k=1.2 ..... 15 in this study) 
I(. 

The serial correlation coefficient is also calcu-

lated forTransformed weekly rainfall series i.e. 

(i) modular coefficient form (xij' = r .. / 
) ~J 

(i i) Square root from !x l,j = ( r i/j ) Y2. 

(iii) Cube root from = ( x1'J' = ( r", 
, I,) J 

The same thing has been calculated for fortnight-

ly data series,the transformed fortning~ data series, 
~ 

monthly data series""the montly transformed data series. 

A Fortran 77 Computer programme has been de-

veloped for UNIX system with two subroutine to calculate 

the s er ial correlat ion coef..£l ~ i ent wi th the above f ormu-

la. The programme has got the facility t~ calculate the 

to~~night data series~monthly 1ata series and transformed 

data· series. tJeekly rainfall data series a't€the input 

to the p~ogramme. 
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Probability Distribution Function 

Fo~ the pu~pose of study oE the probability distribu-

tion function which fits the weekly rainfall time series 

of Bhubaneswar,the procedure adopted is detailed in the 

following steps. 

Let r.· denote the weekly rainfall as described 
',J 

in article 3.3 i.e. in the j-th week of the i-th year, 

where i=1.2, .... 42 and j = 1,2, .... 52. 

Thi following transformation of ~ 
i, J 

have been 

considered in this study. 

(i) Original data = (3.2) 

(ii) Modular coefficient transformation 

= x .. 
' ... J 

== r . . 
I ,J 

......... , .... (3.3) 

(iii)Square root transformation 

= x i ,J = (r;,j ) y,.. ................. (3.4) 

. 
(iv) Cube root transformation 

= (r .. 
'd 

Y., 
) .. . ................. (3.5) 

Where x .. 
, I J is the transformed data of the 

weekly rainfall data and ~ lj) represents the mean 

value of the time series ~ ti) 

J"" 
r (J):; 1 IN E 

id 

....... 
1:' , • 

'JJ 

1 . e. 

( 3 . 6 ) 

For estimating the parameters of probability 

distribution function the method of maximum likely hood 

has been preferred (Markovic 1965, Yevjevich 1972). 
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The concept of maximum likelihooc function was 

conceived by Fisher (1950) . 

Let (x 
! 

... . x 1'\ ) represent a random sample ~of 

lIT independent observations from a population with a 

probability density function, 

f .(x j /11 ,11., ....... ), where l1'1'Z •...... are parameters'. 

The maximum likelihood function is defined as the 

product 

L = 

Then 

w 

I'J 

11" f ( x 
i ~ I 

In L = (In 

....... ) ........ (3.7) 

f (x,./ 1,1 •......... )} 
12. 

E In { f (x,,/l ,1 .......... )} 
i~i 1 ~ 

............ (3.8) 

The maximum likelihood estImates of a distribution 

parameters 11 , 1 
2. 

... " are provided by the solu-

tions of the equations 

d (In L) = 0 .......... (3.9) 

l.Jhere m = 1,2 •....... parameter index. That is. 

d (In L) d N 
_._------= ( E In ( f ( x. / a 1 ' a 2-

da! da1 ld I 
~,,~;t',.'" 

. ) ) ) 

= () 

d (In L ) d ..... 
.------~ ... - = _.----- ( E In ( f. ex I a 1 a 

d a ;L. i d. 2-
da 

2 

.. ))) 

= 0 . . . . . . . . ... . . . . ( 3 . 10) 
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Thus Om' number of equa..tions are .. obtained £01' 'm' 

parameters. The estimates a 1 , a 2.. . . . . . .. ar e 

obt~ined by solving these equations and are called the 

maximum likelihood 

l ....... respectively. 
~ 

estimates of 

3.4.1. Normal Density Function 

2-£(x/p,(SD) 

- 00< x < 00 and 

Where 

1 
= 

'2. '2. 
exp { -112 (x-p)/(SD) } 

( Sl»~2lf 

(S~»O .................. (3.11) 

the parameters 1-fJ and (S. D. ) ar'e 

the expected mean and va~iance of the variable x re-

spectlvely. The maximum likelyhood estimate of the 

population mean is given by 

1\ 

P (j) = 

a.nd the 

'\ 

(SD) ( j ) 

i 
N 

standard 

::: 

deviation 

IJN-
N 
E { 

i,1 

........... (3.12) 

by 

A 1-
X 

i"j 
- (p ) ( j ) } .. ( 3 . 13) 

3.4.2. Loanormal Density Function tJith Two Parameters 
(loanormal-2) __ 

£ ( x I eJl ) 
2. 

o < X < 00 0..1'1 d ( S D ) 2 > 0 . ......... (3.14) 
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(SO)~ ar- e the mean and tb.~ var- i anc e 0 f 

1\ 

the var-iable x. The maximum likely-hood ·:!stimates J.12. (j) 

"'-
and (SD) ( j ) 

"2-

I\. 1 
1'-'1. ( j ) ::: 

N 

A 
~nd (SO) (j) 

~ 

::: 

ar-e evaluated by the for-Illulae 

tl 
E ln x.· 
hi ',,J 

......... _ ... (3.15) 

- p (j ) ? . .. ( 3 . 1 6 ) 
2. 

3.4.3. Loanormal Density Fun~tion with Thr~~ Parameters 
(Loa normal - 3) 

f ( x/p , (SO) '2. 
3 ~ 

x ) o 

x < x < 00 and (SD)~.>o 
0- >J 

1 
::: - - - .. - .- - - - - - - - - •• - )< 

()( -')Co) (!lD)~i 211'-

.............. (3.17) 

Wher-e x ::: o a lower- boundar-~ par-ameter-, 

::: the pop u 1 at ion mean 0 f 1 n ( .x - ;( 0 ) and 

(SD) = the standar-d deviat ion of In (x. - Xo ) 

A A 
The maximum likelyhood estimates of f,3 and (SD)~ at'e 

"4:"'~'" 

,given by 

'\ '1 H A. 

p.'!J ( j) ... E In { x 
i,j - ,co ( J ) } . . . (3 . 18) 

N ir.1 
..A 

J-~.-
N ,A. 

F.md .( SD') I j) ::: E [ In ()( .ol\;()l1)}-
. . ~ ;'1 I;} 

" 1"3 (j ») 

•••• ( 5 . ,.,; 

2.. 
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A 
tJhere ~o(j) is the maximum llkelyhood of estimate of 

the lover boundary Xo(j) and can be determined by 

iterative calculation pr'ocedures using the following 

equation 

rJ i 
E--------------[ 
h·i )( i.lj - XC) (j) 

- { 1 

{ 

/I. 

~o ( j) } / { 

( 

)(0 ( j ) 

'X. • . ',J 

:1 

N 

tJ 
}] + E [In { 

i ~1 

" "0 ( j ) } 

1 

...... (3.20) 

I\. A A A 
The estimates J-l (j), (SO) (j), U (j), (SO) ... (j), 

'a ... 

A 

(SO) (j) 
3 

A 

and 1.[. j) denote the parameter 

estimates of the time set'ies of the jth veek, i. e.1- .. (j). 

In the present study the parameters of distribution for 

normal, lognormal 2· and. lognormal - 3 have been 

estimated by developing a Fortran 77 Computer pro-

gramme with tvo sub-routine using the above formulae. 

The veekly data series a.h.~the input to the programme. 
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3.5 Forecastina of Ueekly . eumulative Rainfall by 
~ovina Averaae Hethod 

For the purpose of forecasting of .ulativf~ weekly 

rainfall by moving average method four periods such as 3 

years, 5 years, 7 years & 9 years have been considered. 

Thus the following equation has been used in this study 

as suggested by Ramlingam (197&). 

" 0.. 1 - 1 ,k-l 1- O-i ~2,k'1 +·······+G.i-s,k-l 
a i 1e.'1 = - - - - - - - - - - - - - - - - - - - - - .. - - - - - - - - - - -- -. - - - - -- ( 3 . 28 ) 

I s 

lJher e '" a t k.-l 
J 

= forecast for perioi i 

= actual values in periods i -1,1 - 2 ... . i-s 

s= the period considered i.e. 3, 5, 7,& 9 in this c~se 

A Fortran - 77 Computer pro~ramme has been developed 

with the above formula to be used in UNIX system. 

(u~ulative weekly rainfall data ~~ the input to the 

programme. 

3 . 6 . Forecastina of CUMulative Ueekly Rainfall by 

Expontntiallv Smoothina Technique 

For the purpose of f0recasting by exponentially 

smoothing method, the procedu:e adopted in this study is 

detailed below. 
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The equation foL' the exponentially smoothed for-ecast is 

'",r-l tt en as 

" A 
a. 

A 

= a + L (a" k-1 - a ) i-1 k-i 
.... (3.29) 

I ,~-i I I 

Whe("e 
A 
a 

i \vi 
= exponen1: i all y smo01:hed f or-ecast £ or 

, 

the next per-iod. This estimates is used to £or-ecast 

the demand for the next period. 

= exponentially smoothed forecast estab-

lished in the last per-iod. This is t~e latest £or-e-

cast. 

L= smoothing constant and 0 < ~ < 1 

a 
i 1e-:1 

I 

= actual value of the curr-ent per-iod 

The "apparent t("end" g 
j I ~~1. 

can be calculated by the 

following for-mula (Ramllngam 1976). 

g . 
',I<-i 

= " a 
j .~- i 

I 

A 
- a 

i -1 1(-1 , .... (3.30) 

The "exponentially smoothed trend" G in per-iod i 
i ,,\(-1 

is calculated by the formula 

G =G + L (g 
1-1., Ic..-i i I k-1 

- G ) .. (3.31) 
i-1, k-1 

.':';t'#-. 

TJhere G • = expotential Iy srooothec. trend in the 
',\(-! 

period j 



61 

G = exponentially smoothed trend established in 
i~1./lvi 

the last period. 

= apparent trend in the period i. 
i I k-i 

The expected value of the cUI'rent period 'i' is calcu-

lated by the formula 

Ea 
i I I(,,~ 1 

= (3.32) 

The forecast for (i+1) th p.:!riod is calculated by the 

£e>rmula 

.... 
a = Ea 

i"",k+1 \/k.~1. 
. . . . . ( 3 . 33) 

Using the above formulae for the forecast a Fortran 77 

Computer programme has been developed for the UNIX-

system for the present study. c'-\Wlulative \Jeekly rain-

fall data series C\.I1.ethe input to the programme . 

. 
3.7 • Forecastina of Onset of Effective Honsoon 

and Critical Dry Spells 

In the present study the method adopted for the analy-

sis is detailed below. 

3.7.1. Onset of Effective Honsoon 

The following condltiona of a 7 days spell must be 

satisfied to be defined as"UYthe date of ·:mset of effec-

tive monsoon (AshokRaj,1979). 

( i ) The first day's rain in the 7-days spell is not 

less than the average daily evaporation in millimeter. 
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G = exponentially smoothed trend established in 
i,1.,lvi 

the last period. 

= apparent tr'end in the period i. 
l J \c.-1 

The expected value of the cUl'rent period 'i' is calcu-

lated by the formula 

Ea 
i I Ic..~ 1 

= 
A 
a (3.32) 

The forecast for (1+1) th p·~r1od is calculated by the 

formula 

" a = Ea 
;+'/k.. .. 1 i,k-1 

. . . . . ( 3 . 33) 

Using the above formulae for the forecast a Fortran 77 

Computer programme has been developed for the UNIX-

system for the present study. c~Mulative weekly rain-

fall data seriesCU'tethe input to the programme . 

. 
3 . 7 . Forecastina of Onset of Effective Monsoon 

and Critical Dry Spells 

In the present study the method adopted for the analy-

sis is detailed below. 

3.1.1. Onset of Effective Monsoon 

The following conditiona of a 7 days spell must be 

satisfied to be defined as ........ the date of ·)nset of effec-

tive monsoon (AshokRaj,1979). 

( i ) The first day's rain in the 7-days spell is not 

less thau the avet:'age daily evaporation in millimeter. 
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( i i) If 'e' is the ave~age daily evaporation then the 

total rain during the 7 days spell is not less than 5e + 

1.0 mm. 

(iii) At least 4 out of these 7 days are rainy days ~ith 

minimum 2.5 mm rainfall as defined by Indian tleteoro-

logical Department. 

3.1.2. Dry and Uet Spell and Critioal Dry Spell 

If the interval betw€en the end of the 7 days 

spell. begining with the onset of effective monsoon, and 

another rainy day with 5e mm rain or the commencement 

of another 7 days rainy spell with a total of 5e mm 

minimum rainfall then this spell can be defined as first 

dry spell. Depending upon the duratio~ of this spell 

when the crop-soil complex relation chaLRes it is called 

critical dry spell. Similarly the interval between the 

onset of effective monsoon and commencement of first 

critical dry spell is called the first wet spell. 

Subsequent d~y and wet spells are defin&d accordingly. 

3.7.3. Mean Date of Onset of Effeotive Honsoon 

After indentifying the date of onEat of effective 

monsoon X..l.( i = 1,2,3, ...... n) in the ith year for a 

particular rain gauge station, the mean date m is 

calculated as follows. , -,.,-,. 

m = X· / n ,(. 

Where 'n' is the number of years. 
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( i i ) If 'e' is the ave~age daily evapo~ation then the 

total rain during the 7 days spell is not less than 5e + 

1.0 mm. 

(iii) At least 4 out of these 7 days are rainy days with 

minimum 2.5 mm rainfall as defined by Indian Meteoro-

logical Department. 

3 .1. Z • Dry and Yet S1)e11 and Critical Dry Spell 

If the interval betWEen the end of the 7 days 

apell, begining with the onset of effective monsoon, and 

another rainy day with 5e mm rain or the commencement 

of another 7 days rainy spell with a total of 5e mm 

minimum rainfall then this spell can be defined as first 

dry spell. Depending upon the duration of this spell 

when the crop-soil complex relation chaLges it is called 

critical dry spell. Similarly the interval between the 

onset of effective monsoon and commencement of first 

critical dry spell is called the first wet spell. 

Subsequent dry and wet spelle are defin~d accordingly. 

3.7.3. Mean Date of Onset of Effective Honsoon 

After indentifying the date of onEst of effective 

monsoon X,i. ( i = 1, 2, 3, ...... n) in the i th year for a 

particular rain gauge station, the mean date m is 

calculated as follows. 

m X· / n .(. 

tJhere on' .is the number of -years. 

... (:;.?JLt) 
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3.7.4. Standard Deviation(SD) of Ons$t of Effective 
Monsoon 

The standard deviation of X ( i = 1, 2, .... n) 
i 

dates of onset of effective monsoon is calculated ~as 

follows. 

(SD) = [ 

42 
E 

i=l 

2 
X 

i 

42 
( E 

2 
X ) 

i:::.1 i 1/2 
-------------] ... (3.35) 

n 

n - 1 

3.7.5. Median Date of Ons~t of Effec~ive Monsoon 

The median date is the middle vall1e of the onset 

:>f effective monsoon when arranged in ascending or 

descending order for n-year:3 and n is odd number of 

years. If n is even number of years then the median 
. 

date is taken as the averag'3 date of o:he two middle 

dates. 

3 • 7 .6. Ouartlile Deviation (0) 

The quartile deviation (0) or th~ semi -inter-

quartile ~ange is defined as follows. 

Q3 62 1 
o = ----------.0-- ... (3.36) 

2 
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tJheI' e Q 1 and Q ~ ar e firs t and thi I'd quart i 1 es and 

the median is the second quartile Q~. 

3.1.7. Earliest and Latest Probable Date of Onset of 
Effective Honsoon 

I £ a variat e x which takes the value Xi' X i .... X" 

follows a normal distribution with mean 'm' and stand-

! 

ard deviation (SD), then the probability density func-

tion of the variate is given by 

1 
p (x) = 

(SO) '" 2.Tr _ ~ .. 
exp 

2-
-'(x-m) 

2 
2 (SO) 

... (3.37) 

The probability that x lies between m-(SO) and m+(SO) 

is given by the relation 

p e rn-eSO) < X < rn+eSO)= 
h\+(SO) 

J p(x) d x ... (3.38) 

.... - (.SD) 

As )(. follows a normal distribution with mean Om' 

and standard deviation (SO), the· standardised normal 

variate 

x - m 
z = ... (3.39) 

(SO) 
........ 

follows normal distribution with mean m and standard 

deviation 1. The probabili~y that x lies between 

(m -(SD)) and ( rn + (SD)) is the same as that of 'Z' 

lying between -1 and 1 which is given by the relation 
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1-
p ( - 1 < z < 1 ) = J ~ (z) dz 

-1 

Ji 
= 2 ~ (z) dz because of symmetry 

~ 

= 2 x 0.3413 ( from table) 

= 0.6826 

Thus if it is assumed that the rdat ElS 0 f ons et of 

effective monsoon X'I (i=1,2,3, .... n), follow a normal 

distribution with mean 'm' and standard deviation (SD), 

then the least value, X can take with a probability of 
i 

0.68 is m - ISm and the highest value is ro +lSD\with the 

same probability. These values m -(SDland m + ISD) are 

taken as the earliest and 'latest probable dates with a 

probability 0.68. Similarly as X, the dates of onset 
i 

of effective monsoon. are assumed to be normal, the 

earliest probable date of onset of effective monsoon 

based on median is Q1 - Q and the latest probable date 

is Q + Q with probability 0.50. Wi+" ~i.s C.OMfll~Q.r pl'03~Q.MIr\( h~s 
1-

been developed by Ashok Raj (1979) in Fortran-IV Ian 

guage.For the purpose of this study a modified Computer 

programme in Fortran-77 has been developed for UNIX -

~:!ystem . I t has t h r e e sub· r.,.p.c. tin e s . 

Rainfall data of 42 years have beE!tl collected on 

daily basis. For Bhubaneswar the average, dall y evapora-

tion is calculated to be 4.98 mm/day (Senapati et.a.l. 
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1985). The duration which makes the dryspell critical 

is considered 5 days under dl:yland s.i,tuation in reef 

lateritic soil. The 120 th day of each year is consid-

ered to be the approximate date In which rains likely ~o 

start. These data are fed to the computer for analysis. 

3.8. Forecastina of Dry and Uet Spells 

The procedure followed for the forecasting of 

dry and wet spells is discussed below. 

The method applied in this study is based on 

first order Harkov chain model ( Pandarinath, 1991). 

1 
Basing on experience it is considered that less than 20 

mm. rainfall in a week as dry week and 20 mm. or more 

rainfall in a week as a wet week. ~he formula adopted 

fo~ the calculation is as follows; 

(1) P (d) = F (d)/n ... (3.40) 
. 

(ii) P (dd) = F(dd)/f(d) ... (3.41) 

(iii) 2D = P (dw1) x P (ddw2) '" (3.42) 

(iv) 3D = P (dwl) x p (ddw2) x p (ddw3) ... (3.43) 

(v) pew) = F (1,.1) In . . . ( 3 . 44) 

Uhere p(d) = probability of the week being dry 

n = Number of years data used 

Fed) = Frequency of dry weeks 

P(dd) = Probability of the dry week~ preceded by 

~nother dry week ( condItional) 

F(dd) = Frequency of dry weeks preceded ~y another dry 

week 
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2D = P~obability of two consecutive d~y weeks 

P(dwl) = P~obability of the week belns d~y ( 1st week) 

P(ddw2) = P~obability of the 2nd consecutive d~y week, 

given the p~eceding week being d~y 

3D = P~obability of the th~ea consecutive dry weeks 

P(ddw3) = P~obability of the 3~d week baing d~y, 

gigen the p~eceding week being dry 

pew) = P~obability of the we"k being wet 

F(w) = Frequency of the wet week 

p (ww) , 2W and 3W are calculated in the same 

way as the P(dd), 2D and 3D and the notations used are 

having the same meaning except the weeks being wet. 

The daily ~ainfall data have been fed to the 

compute~ and th~ough a simple Fort~an 77 Computer 

pt'og~amme the daily data are converted to weekly data. 

To make the p~ocess easy the wet and dry weeks a~e fi~st 

rna~ked by , +' and '-' sings respectively. Counting the 

'+' and '-' signs separately gives the irequency of the 

wet weeks F(w) and frequency of the dry weeks F(d) 

respectively. Simila~ly '+' p~eceded by '+' and 

p~eceded by '-' a~e counted to get th,~ frequency of 

wet weeks preceded by wet weeks F(ww) and frequency of 
..",.... 

dry weeks p~eceded by dry we~ks F(dd). 

Using the above formula, probabilities of dry 

weeks and wet weeks. conditional probabilities of the 
d.., Y IAIQ.o.lt.s Q.k c4 

dry weeks and wet weeks prececied by/wet weeks 
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and probability of consecutive 2 and 3 dry or wet weeks 

starting with the week dry or wet have been calculated. 

3.9 Forecastina of Commencement of Sowina Rain 

The procedure adopted for the forecasting of 

commencement of sowing rain is detailed below. 

For this study we need to calculate the forward 

and backward accumulation of the weekly rainfall. To 

make the calculation easy the following method is taken 

.into account. 

The daily rainfall data for 42 years Q~fed to the 

computer. Through a simple Fortran - 77 Computer 

programme the daily data a.Jt.£ converted te· weekly data .. 

the weekly rainfalls are art'anged in columns and the 

years arranged in rows. The weekly rainfalls are added 

from 1st week onward i.e. ( 1st week + 2nd week + . . . . ) 

to find the corresponding week number in which the 

cummulative rainfall has reached a sum total of 75 mm 

and 200 mm. Similarly the weekly rainfall of 52nd week 

Is added backwardly i.e. ( 52nd week + 51st week + ... ) 

to get 100 mm, 300mm and 500mm total and the 

~orresponding week numbers are noted. Then the years 

are arranged with rank number i.e. 1950 to 1991 as 1 

t-l&> 42. The probability of ea<:h rank is calculated by 

the following simple statistical formula. 

p = ( 11m + 1 ) x 100 (3.4~») 

Where m is the year number 
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For forward accumulation the rank order and the 
. , 

probability level are arranged in ascending order and 

the corresponding week numbers are arranged in the same 

manner. Similarly for backward accumulation rank order 

and the probability level are arranged in descending 

order and the corresponding week numbers for 500 mm 

300 mm and 100 mm respectively are arranged in 

descending order. The corresponding probability level 

and the week number at which 75 mm ,200 mm for forward 

accumulation and 500 mm, 300 mm, and 100 mm for backward 

accumulation will occur at certain probability level can 

be judged. 

3.10 Estimation of Reference Crop Evapotranspiration 
( ETo) 

The water requirement of different crops on 

weekly basis is deter~ined by using modified Blaney -

Criddle method, modified Radiation method and modified 

Penman method as proposed by Doorenbos &nd Pruitt ( 

1977) . 

3.10.1. Modified Balaney - Criddle Method 

The recommended relationship is given as 

ETo = c[ p (0.46 T + 8) ] . . . ( 3 . 46) 
tr.,.. .. 

Where ETo ~ reference crop evapotranspiration in 

mm/day for the month considered 

T = "ean daily temperature in over the month 

considered 
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P = Mean daily pe~centage of total annual day time 

hou~s 

and C = Adjustment facto~ which depends on minimum 

relative humidity. sunshine hours and day time wiqd 

e:::timates. Value 0+ c by Alle.n 

e·t ali ( 1991) is given as 

c = 0.908 - .00483 RH + 0.7949 nlN + 0.0768 [ In{Ud + 

1}] - 0.0038 RH nlN - 0.000433 RH ud + 0.281 In(Ud 

+ 1) In (n/N + 1 ) - .00975 [ InC RH + 1)] In CUd + 
min 

1) InC nlN + 1)] ... (3.47) 

Uhere RH .= Mean daily minimum relative humidity over 
Mil'\ 

the month considred 

n = Mean dai 1 y sunshine hour ('vel' the mor..th cons i d e~ ed 

N :::: Dai I y dura t ion 0 f maximum f.1oss i bl e sur..shine hours 

IJd ::: Mean daily day tifQe wind velocity oVI~r the month 

considered in m/sec 

3.10.2. Modified Radiation Mothod 

The ~eIationship recommended is expressed as 

ET = c[tJ Rs] o ... (3. 4(1) 

Rs = ( 0.25 + 0.50 n/N) Ra 
..,.., .. 

. . . (3 . 49) 

IJhe~e ETo ::: Refe~ence crop eVHpotransp,itr'ation in 
mm/day 

U = Tempterature and altitude ~elated weighting factor 

Rs = Solar radiation in equivclll::!nt evapor'a.tion in 

mm/day 
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P = Hean daily pe~centage of total annual day time 

hours 

and C = Adjustment factor which depends on minimum 

relative humidity, sunshine hours and day time wi~d 

estimates. Value 0+ c by Allen 

et ali ( 1991) is given as 

c = 0.908 - .00483 RH + 0.7949 nlN + 0.0768 [ In{Ud + 

l}] - 0.0038 RH n/N - 0.000433 RH ud + 0.281 In(Ud 

+ 1) In (n/N + 1 ) - .00975 [ InC RH t 1)) In(\1d + 
min 

1) In( n/N + 1)] ... (3.47) 

Uhere RH .'= Hean daily minimum relative. humidity over M," 

the month considred 

n = Hean daily sunshine hour ~ver the mOLth considered 

N = Daily duration of maximum possible sULshine hours 

IJd = Hean daily day til1Je wind velocity oV'l"r the month 

considered in m/sec 

3.10.2. Hodified Radiation Hothod 

The relationship recommended is expressed as 

ET = c[tJ Rs) . o ... (3.4£1) 

Rs = ( 0.25 + 0.50 n/N) Ra _ .. 
... (3.49) 

IJhere ETg = Ref erence crop eVhpotransp,i tr·a.t ion in 
mm/day 

u = Tempteratu~e and altitude ~elated weJghting factor 

Rs = Solar ~adiation in equivclll?nt evapor'a.tion in 

mm/day 
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N = Mean daily sunshine hOU1~ over the month considered 
... 

Ra = Extra terrestrial radiation expressed in 

equivalent evaporation in mm/day and depends on 
'~. 

latitude 

C = Adjustment factor which depends on mean humidity 

and day time wind conditions and is given as follows 

(AlttZh et al. 1991) 

C = 1.066 - 0.00128 RH + 0.045 U~- 0.0002RH Ud 
"1 h\Q~ 

~ ~ 
- o. 0000315 ( RH"" 1M) - o. 001133 (U d) ...... (.3 . 50) 

lJhere RH = average daily relative ~umidity over the 
mean 

month considered 

Ud = Mean daily day time wind velocity over the month 

considered in m/sec 

3.10.3. Modified Penman Method 

The form of the equation used in this method 

to calculate reference crop evapotranspiration is 

ETo = c[ w.Rn + (l-w) f (u) Cea -ed)] 

u 
feu) = 0.27 C 1 + ) 

100 

ad _. ea x RH 
mean 

Rn = Rns - Rnl 

Rns = C. 1 - L )Rs 

. . . . ( 3 . 52) 

... (3.53) 

... (3.54) 

... (3.55) 

... (3.51) 
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Rnl = F(T). F( ed) . FCn/N) ... (3.56) 

r: (T) = (Tk ) ... (3.57) 

... (3.58) f ( ed) :: O. 34 - O. 44 'j ed, 

F(n/N) = 0.1 + 0.9 n/N ... (3.59) 

fJhere ETo = reference crop evapotrcLflspiration in 

mm/day 

U = temperature and altitude related weighting factor 

Rn = net radiation in equivalent evaporation in mm/day 

feu) = wind - related function 

11 = 24 hours vind velocity in km/day at 2mt height,an 

appropriate cor'rection facto!' 0.93' has been multiplied 

as the velocity measured is at 3m heisht. 

ad = mean actual vater vapour pressure in mbu 

ea = mean saturation vater vapour pressure inmb~~ 

RH :: average daily relative humidity over the month 
mean 

considered 

Rn :: net radiation 

Rna :: net ahortvave radiation 

L = correction factor for reflectivenesH of the crops, 

generally for most crops L :: 0.25 

Rs = net solar radiation~l equlvalen1: evaporation in 

mm/day 

Rnl = net longwave radiation 

F(t) :: function related to effect of temperature on 

longwave radiation 
-9 

o = Boltzman's constant = 2.1l! xlO 
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T= temperature in degree kelvin 

feed) = function related to effect of vapour pressure 

on longw~v~ radiation 

f(n/N) = function related to effect of the ratio of 

actual and maximum bright sunshine hours on longwave 

r.'adiation 

n = mean daily sunshine hour over the month considered 

N = daily duration of maximum possible sunshine hours 

(ea - ed) = .ifference betwe~n the saturation vapour 

pressure at mean air temperature and the mean actual 

. 
vapour pressure of the air, both In m bar 

c = adjustment factor to compensate for the effect of 

day and "YIight weather condition and is ,~.iven by ..... UQ.n 

et 0.1. (1991) as given below 

C = 0.892 - 0.0781 Ud"+ 0.00219 Ud.Rs + 0.000402 RH 

Rs + 0.000196 CUd/Un) Ud RH 

2 
RH Rs + 0.00000236 CUd) RH 

max 

max 

max 
+ 0.0000198 (~d/Un) Ud 

Rs - 0.0000086 

- 0.0000000292 CUd/Un) CUd~ 
max 

2. 
(RH ) Rs - 0.0000161 RH 

max rnax_ 

2. 
(Rs ) ... (3.60) 

Where Ud = Mean daily day time wind velocity over the 

month considered in m/sec 

RH = Mean daily maxirRum J'eiative humidity over the 
max 

month considered In I"Q.Y c"",,4::. 

CUd/Un) = Ratio of the day tilRe wind velocity to night 
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time wind velocity. In absence of night time wind 

velocity (Ud/Un) is considered as 2. 

A Fortran 77 Computer p~ogramme haa been developed 

for UNIX - system to compute the reference crop 
, 

evapotranspiration for all the above thre~ methods. 

The dally maximum and minimum rQtolative hu:nidity, maximum 

and minimum temperature/sunshine hour, day time wind 

velocity for 32 years from 1960 to 1991 are fed to the 

computer for the above analysis. 

3.11. Crop Evapotranspiration 

The three methods described under the article 3.10 

pr:-edict the effect of climate on l'efer:-ence crop 

evapotranspiration (ETo) To account for the effect of 

the crop characteris,!=ics on crop watel' requirements, 

crop coefficients need to be estimated. 

Crop coefficient for different crops are estimated 

using the procedure given by ))ool."'enbos and Prui tt (1977), 

Water requirement of thB crops for which the crop 

coefficients are develop.ei .. o..re. calculated using the 

equation given below. 

ET = Kc.ETo . . . ( 3 . 61) 
crop 



75 

Where ET = crop evapotranspiration or- water 
crop 

requirement of crop, mm/day 

K = crop coefficient 

ETo = reference crop evapotranspiration , mm/day 

3.12 Forecastina of Crop Yield Based on G~owina De~ree 

Days 

For the purpose of forecasting th~ yield depending 

on the growing degree days, the procedure adopted is 

detailed below. 

The growing degree days are calculated by the 

following formula as suggested by Ratnan and Kavi 

(1990 ) 

Growing degree days (GDD) =E_l ... _T __ m_a_X __ + __ T __ m_in __ J -100 

2 

C'·.62) 

Where T max = daily maximum temperature in deg. C. 

and T min = daily minimum temperature in deg. C. 

The temperature of ten degree is considered as 
- -----

the base temperature, which is substracted from the 

dverage temperature below which the plant will not 

dl~velop. 
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A Fortarn 77 Computer programme is developed with 

the above formula for the UNIX - system. Daily maximum 

and minimum temperatures are fed to the computer for 16 

years from 1976 to 1991 to calculate the growing degree 

days for the periods given below. These periods relate 

t:) different growth phase of the crops such as ~ arhar, 

g~oundnut, maize and upland paddy. The durations are 

given in Table 3.1 

Table 3.1 Duration of differeni arowth phase 
of crops under consideration. 

----------------------------------------------------------------
:rops Initial stage Crop development 

stage 
Mid season 

.$'tOJ~Q. 
Late season 

stCilJjo.. 
------_ .. _-------------------------------------------------------
x-har 25th July - 19th August - 23rd Sep1: . - 22nd Nov.-

l~th .August 22nd September 21st Nov .. 30th Dec. 

oundnut :lOth July- 4th August - 3rd Sept.- 3rd Oct.-
3rd August 2nd September 2nd October 17th Oct. 

ize 10th July - 30th July - 29th Aug.- 3rd. Oct.-
29th July 28th Aug. 2nd Oct. 27th Oct. 

fli land 
rst July - 21st July - 20th Aug.- 19th Sept.-

l? U>I~y 20th July 19th August 8th Sept. 8th Oct. 

. ---------------------------------------------
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The yield data of thE!" above-" c!'ops are 

correlated with the growing degree days of different 

dl.1ration to obtain the simple linear regression 

-r;:-eJ.ationship. ~he following regression models 

fitted to find the correlation coefficients. The 

models are as follows ; 

y = a + bx . . . (3 . 63) 

Y = a + b lnx ... ( 3.(4) 

Y = ae 
b)( 

. . . ( 3 • 6 S ) 

Y = ax b ... (3.66) 

are 

Uhere Y is yield of tha c!'ops in quintals per 

hecta!'e, a and b a!'e constants and X is the g!'owing 

degree days. 

3.13. Crop-Ueather Hodel 

Fo!' the purpose of developing a crop weathe!' 

model considel.'ing the weathel.' parametel.'s like l.'ainfal1, 

ave!'age tempe!'atu!'e, avel.'age r~lative humidity, sunshine 

hour and wind velocity the p!'ocedu!'e adopted is de-

tailed below. 

The method suggested by Shankar and Gupta ( 1987) 

is adopted fol.' this study. 
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The daily data of the above meteorological 

pa.rameters ar-e fed to the computer for 16 years from 

1976 to 1991 ~he sum total of the above paramet~rs 

for different growth phase have been computed for the 

crops such as arhar, groundnut, maize, and upland p~ddy. 

The. duration of different growth phase are given in 

Table 3.1. 

For this study the yield data of the above crops 

are correlated with the rainfall, average temperature, 

average relative humidity, sunshine hours and wind 

velocity for- each growth phase. Period which gives the 

highest correlation for a particular weather parameter 

Is called as " sensitive period ". The data pertaining 

'to these sensitive periods are taken .into consIderation 

£01' multiple regrssion analysis. The multiple 

regression equation uded is of the fo~m 

Y = a + b i Xi + b2. x Z+ b 3 x3 + .•..... bk., xk," .(3.68) 

a , b , b ) .... )b are constants 
i 2. I{ Xi' 2."':Jx k 

are 

weather paramet ers dur in/!; di £ £ erent growth phas e 0 f 

the crop under consideration and Y is the yield of the 

crop under consideration. ~..".. 

The following assumptions are made for adopting 

this method. 
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(1) High level farm technology on diffe~ent crops are 

u~ed. 

(ii) The crop yield in quintals per hectare is used as 

dependent vaiable and weather parameters as independent 

variables. 

(iii) The crop yield is assumad to be directly related 

to the weather elements. 

(iv) It is also assumed that the effect of weather 
On 

elements ~Yield in each period is independent of the 

effect of weather elements in other time period. 



CHAPT]~R IV 

RESULTS AND DISCUSSION 

This chapter is devoted to presentation and dis-

c!uasion of results obtained from various analysis. of 

meteorological data and specific models employed in 

this study. Discussionson meteorological data analysis, 

forecasting of models • ~ater requirement of crops 

and crop -~eather models have been presented in this 

chapter. 

Per.i.tenee T •• t and Sreial Correlation Coefficient 

Uith a vie~ to studying t~e statistical pro­
( j) 

p~rties of all the time seri4s , r with j=l,2 ..... 

~ r, ._ I.. individually , some statistical pararo~ters like the 

wean p. 
2 

(SD) 

Q... 

as~measure ~f central tendency, the variance 

the standard deviation <"sC) J coefficient of 

variation C as dispersion parameters, the coefficient 
v 

of skewness C as descriptor of asymmetry and the 
s 

coefficient of Kurtosis C as a descriptor of flat­
k 

ness have been estimated. The above parameters have 

-, -'-alao been calculated for the modular coefficients, 

square root and cube root 

rainfall data series. The 

transforma of ol'iginal 
{51» 

val~es of p,~,C ,C ,and 
" a 

weekly 

C for 
k 

ot:"iginal gata and its modular dataJsquar(: root and cube 

l'()ot data for 1st to 52nd weE,k a.re giver., in Appendix A. 
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The above statistical characteristics have also 
.... - .... 

been evaluated for all twenty six fortnightly and twelve 

monthly rainfall time series of original, modular,square 

{Sf) 
root and cube root data. The values of f'~'C ,C ,and 

, v s 
C 

k 

are given for 1st to 26th fortnight and 1st to 12th 

month 'in Table A-2 and A-3 respectively. 

It is observed that in all the 52 weeks the 

coefficients of dispersion,coefficients of skewness 

and coefficients of kurtosis are the same for original 

and modular data series. The degree of dispersion is 

high from 1st to 24th week for the original data series 

and modular data series. For square root data series it 

is high upto 21st week. The cube root data aeries h~~ 

10v dispersion in all the 52 weeks. Tt,t! original, 

modular and square root. data series agai~'show a high 

degr.ee of dispersion from 45th week to 52nd week. But 

the 40th week and 42nd week also have a high coefficient 

of dispersion for original & modular data series 

This signifies that the fluctuation in the actual rain-

fall values are more in these two weeks. However, the 

statistical parameter values of transformed data indi-

cate that the dispersion and skewness tendency of the 

actual data have been nullified to a large degree. 

The values of coefficient of variation and 

coefficients of skewness showed positive akewness for 

original and modular data seriEtS of weekl}' period. But 
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the square root data series of 30th, 32nd, 33rd.39th, 

41st and 43rd weeks and the cube root data series of 

25th,28th,29th,34th,35th,and 4;~nd weeks show a negative 

skewness. The fort lnightly & monthly data series £or 

original and modular data show a positive skewness 

except the 17th fortnight. The 14th, 15th, 17th, 20th, 21st 

fortnight'"' and 7t~,8th and 9th monthh£or square root and 

cube root data series show a negative skewness. 

The serial correlation coefficients for the 

orisinal data, transformed modular, square root and cube 

~oot data ~eries for the 1st, 5th, 10th, 15th, 20th, 

25th, 30th, 35th, 40th, 45th, 50th and 52nd weeks have 

been given in Table A-4 

It is observed that in the original and modular 

data series all the weeks have lag one serial correla­

tion coefficient well within the tolerance limits 

t.2/· ,IN where N= 42 years i.e. !:..O.3086 except the 2nd, 

7th, 11th, 14th, 16th, 26th and 40th weeks. However, the 

vhole series can be conSidered as a random series. It is 

important to note that the original and transformed 

modular coefficients time series have yielded identi-

cal values of serial correlation coefficients . The test 

of significance on the lag one serial correlation 

~~ C~ e f fie i en t s , as detailed above , have also been per-

formed on transformed weekly ~ainfall se~les. 

aeries have been found to be random in nature. 

All the 
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The fortnightl~ and monthly rainfall time series 
, .. -.... 

and their transformed time series , as discussed above, 

have also been tested for randomness indivIdually and 

are found to be serially independent except 8th, 11th, 

15th, 20th. 25th and 26th fortnightly and 1st monthly 

original and modular coefficient data series. Similarly 

the transformed square root and cube root data series 

are found to be random except 11th. 15th, 20th, 22nd 

and 26th fortnightly and 3rd and 4th monthly data 

series The serial correlation coefficients of 

lst,Sth,10th,lSth,20th,2Sth, and 26th fortnightly and 

1st,5th, and 10th and 12th monthly original rainfall 

series along with transformed data series are presented 

in Table A-S and A-6 respectively. 

z frobabl1Itv Dl.tribution FunctIon 

(j) 
Ueekly rainfall data series { I' , j=1.Z,3 .. ' .. 

52} for all 52 weeks for 42 year period from 1950 to 

1991 have been considered individually to findout the 

best suitable probability distribution among the normal, 

lognormal-2 and the log normal-3 dlstributionsto suit 

the data series. The analysis has been carried out on 

orIgInal data, modular coefficient data, square root 

data and cube root data separately by adopting the 

procedure detailed in chapter -III. 
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The values of the maximum likelyhood estimate of 

lover boundary parameter of the lognormal-3 distribution 
1\ 

X are calculated to be either zero or marginally 
o 

negative. From the physical point of viev hovever, 

precipitation can never be negative, while from the 

mathematical point of view lognormal-3 distribution is 

defined only for positive range of an independent varia-

ble. Therefore all the negative values of X for dif­
o 

ferent weekly series , have been treated as equal to 

zero The chi-square values • considered as a measure 

of goodness of fit in this study for all the three 

probability density functions for original and trans-

formed weekly rainfall data are given in Table A-7 for 

lst,5th,lOth, 15th, 20th, 25th, 30th, 35th, 40th, 45th, 

50th and 52nd weeks 

A similar procedure has been foll~wed in calcu-

lating the parameters of normal probability, lognormal-2 

and lognormal-3 distributions along with chi- squar-e 

values considering fortnightly and monthly data series 

respectively The same has also been calculated for 

transformed data serIes . The values of chi-sqaure for 

let, 5th, 10th, 15th, 20th, 25th and 26th fortnights~ 

presented In Table A-B. The same for 1~t,5th,10th and 

:[ 2 t h m 0 nth tv It.«' p t:' e sen ted in Tab 1 e A - 9 . 

The chi-square -values of the table A-7,A-8 and 

A-9 which are significant at 95% level of significance 



85 

are marked by asterisks. The table value of 95% signifi­

cance is 58.16. 

It is evident from the Table A-7 , A-8 and A-9 

that power transformations of the actual data have 

yielded prbmising results. The normal distribution and 

lognormal distribution with two p~rametBrs have in no 

case indicated better applicability . Lognormal-3 dis-

tr-ibution with square root or cube root transformed 

data can be fitted well to the sampled precipitation 

data . This may be due to the values of coefficient of 

skewness and coefficient of variation reduced signifi­

cantly which may be seen from statistical paramete~ 

(Table A 1). Therefore the lognormal-3 density function 

£01' square root and cube root transformed values of 

actual data is accepted to find out the probable 

",eekly rainfall at a 95 PQ.V" cent level of 

sisnificance . 

In the case of fortnight and monthly data series 

lognormal-3 distribution for square root and cube root 

transformed values of actual data yield the best proba­

bility function. 

In the analysis of all the data series i.e. 

weekly rainfall, the chl-sqau~e values for actual data 

and its modular coefficient t~ansformation worked out 

to be the same for all the three distributio~. 
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For.ea.tina of Y •• kly Cumulativ. Rainfall by 

Averaae Method 

( j ) 

All the rainfall time seri es 
J 

r 

Movina 

",ith 

J=1,2,3,4 ..... 52 ",eeks have been analysed individually 

by the moving average method consideFing 3,5,7 and 9 

year-periods according to the procedure described in the 

previous chapter. 

A sample calculation of forecasting of weekly 

'cumulative rainfall for the year 1966 by using 3,5,7 

and 9 years moving average method over all the 52 weeks 

is given in Table A-l0. 

It is evident from Table A-10 that 3 year moving 

averase yields a forecasted value of 1501.42 mm against 

an actual rainfall of 1418.90 mm which is very high and 

hence cannot be accepted . The 5 year moving average 

method yields a forecated value of 1405.70 mm against 

the actual value of 1418. 90mm, which is" 11 ttle less and 

is negligible. The 7 year and 9 year moving average 

methodS predicted the weekly cv~ulative rainfall of 

1382.55 mm and 1352.51 mm respectively whIch are much 

lower than the actual. Hence it is clear that the 5 

year- moving averase method predIction is much more 

closure value than other methods. 
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The total cumulative rainfall ove~ all the years 
.... '-

i.e. 1953-91 are presented in Table A-11 It is 

evident from Table A-11 that there are over estimation 

and under estimation of rainfall in certain years. It 

is clear that all the methods predict the values either 

high or low . But in case of 5 year moving average it 

J~ seen that the difference is much less in comparison 

to other methods. 

Considering the case' of the year 1991 it is seen 
thQ.. 

that/predicted values are 1570.73 mm, 1555.44 mm,1575.S7 

mm and 1594.00 mm by using 3,5,7 and 9 year -moving 

average methods respectively against the actual rainfall 

of 1411.70 mm . Hence it is clear that 5 year moving 

average yields the best result. 

The cu~ulative weekly rainfall forecasted for 

the years 1992 by 3,5,7 and 9 year-moving average is 

presented in Table A-12. the predicted valu~s at the end 

of the year is 1576.07 mm, 1449.56 mm , 1559~50 mm and 

1577.64mm. 

Foreca.tina of Ueekly,Cumulative,Rainfall by Exponential 

SmoothJ.na Method 

( j ) 
All the rainfall time series with 

,;::;1,2,3 .... 52 weeks have been, analysed individually by 

the exponent Lal smoothing technique ac(:ording to the 

procedure·described in the Chpater-III. 
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The forecasting of weekly tvmulative rainfall 

values over all the 52 weeks for the year 1966 by using 

exponential smoothing technique is presented in Table 

A-13. 

By carefully studying Table A-13 , it is clear 

that the cv~ulative weekly rainfall for the whole year 

is forecasted as 1437.89 mm which is slightly higher 

than the actual rainfall 1418.90 mm. Hence it is clear 

that the forecasting value is very close to the actual 

value . 

The predicted and actual annual rainfall for the 

period from 1952 to 1991 is presented in Table A-14 

It Is evIdent that in ceratIn years the predIcted value 

is higher or lower than the observed rainfall. But the 

difference is not too high . Hence this method is 

acceptable for forecsting of annual rainfall. But in 

the year 1957 there is a large difference between the 

predicted and observed values to the tune of 1186 mm 

perhaps due to the change of factors affecting the rain­

fall. 

The cumulative weekly ~alnfall fo~ecasted for the 

year 1992 Is presented In Table A-15. The forec~ted 

values at the end of the year is 1463.93 mm. The pre-

dieted value of the rainfall by 5 year-moving average 

method i& 1449.56mm which is close to the value predicte~ 
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. by exponential smoothing techniques . Hence , it is 

concluded that both the methods can be adopted for 

predIctIon of yearly raInfall. 

5 Forecaatina of Onaet of Effective Monaoon and Critical Dry 

Spella. 

The daily rainfall data of 42 years are processed 

through the comput~r programme with the method de­

scribed in the Chapter -III. 

The results of the analysis are presented in 

Appendix B (Table B-1 to B-4). Table B-1 gives the dates 

of onset of effective monsoon (OEM) in individual ~ears, 

the dates of withdrawal of monsoon, the dates and dura­

tIon of the first three critical dry spells (CDS) .Table 

B-2 gIves the Information regarding earliest probable 

date of onset of effe~tive monsoon, the latest probable 

date of onset of effective monsoon at 68% and 50% 

probability, mean and median dates of OEM, the avearge 

dat~ on which the effective monsoon ends average 

number of critical dry spells , average date on which 

the first CDS starts and average rainfall during the 

wet spells for the year 1992 . Table B-3 gives the 

~eekly observed maxImum, mInimum, normal raInfall and 

the probability of the weekly normal rainfall. Table B-4 

gives the monthly rainfall and number of rainy days for 

the year 1992. 
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It is observed from Table B-2"that the earliest 

date of onset of effective monsoon at 68% probability is 

31st May 1992 and the same at 50% probability is 8th 

June 1992. Similarly the latest date of onset of effec-

\ 

tive monsoon at 68% probability is 4th July 1992 and the 

same at 50% is 25th June 1992. ~he mean date of onset of 

effective monsoon is forecasted on 17th June 1992, 

which happens to be the exact date on which the effec-

tive monsoon broke in Bhubaneswar. The average predicted 

date on which the effective monsoon will end is 29th 

October 1992. It is also forecasted that the average 

number of critical dry spells over the year 1992 is 3 

The average dates and durations of the critical dry 

spells during 1992 ~~~ 7th July for 11 days ,7th August 

for 9 days and 2nd September for 11 dayu respectively. 

The first dry spell of·l1 days coincides with the actual 

observed dry period starting from 7th July'92. It is 

forecasted that the 1st wet spell continues from 17th 

June to 6th July amounting to a total rainfall of 317.07 

mm. The duration of 2nd,3rd, and 4th wet spells are 20th 

July to 6th August ,18th August to 26th august and 14th 

S~~tember to 25th Se~tember respectively. In these wet 

spells the rainfall of 264.28 mm • 211.89 mm and 143.41 

mm a~e expected to occur. 
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From the Table B-3 it is seen that heighest 

weekly observed maximum rainfall of 340.3 mm occurs in 

the 25th week. The weekly normal rainfall till 21st 

week and from 45th to 52nd weeks is negligible and 

quite insufficient for crop production. The heighest 

weekly normal rainfall of 87.9 mm is observed during 

the 31st and 32nd week and the probability that in any 

particular year the weekly rainfall equals or exceeds 

this rainfall of 87.9 mm in 31st and 32nd week is about 

48 per cent. 

Table B-4 indicates that the annual rainfall 

forecasted for 1992 is 1491.87mm and the total number of 

rainy days are 79.2 or 79 day~. 

The above information are val~~le for all the 

activities particularly to crop planning. The fore­

casting of the onset of effective monso()n on 8th June 

will help the farmers to go for their seed bed prepa-

ration and other primary tillage operations. The predic­

tion of average date on which the effective monsoon ends 

i.e. 29th October 1992 will enable the farmers to 

Belect the variety relating to its duration and they 

will also know the date for ~he harvest of their crop. 

Depending on these information the farmers will make 

their crop planning. The irrigation scheduling can be 

prepared dependIng on the length of crItIcal dry spells 



92 

with maximum water use efficiency. The predicted rain­

fall during the months of the year (T~ble B-4) will be 

beneficial to the farmers to choose their crops depend­

i.ng upon the ",at er t"o.'{;ui rement dur ing d iff erent crop-

ping seasons. The crop mnagement ",ith effective ",ater 

use efficiency will definitely increase the crop-produc­

tion. 

6 Foreeastina of Dry and Uet Spells 

Ueekly rainfall data ~~~ analysed for the fore­

casting of dry and wet spells as per the method de­

scribed in the Chapter- III. The result of the analysis 

is illustrated in Appendix- C. 

that 

It is clear from the rE.sult as giv'en i ... Table C-1 

the probability of occurrenc~ of a dry ",eek 

is high i.e. 52% to 100% in the first 24 weeks of the 

year. But it falls in subsequent weeks and maintain an 

average of 25% upto 43rd ",eek of the year. Again it 

increases rapidly from the 44th ",eek to 52nd ",eek of 

the year. i.e. 71% to 100% . The conditional probabili­

ty of dry ",eek preceded by a dry w~ek is also high 

upto 24th week but the probabJlity of occurrence of two 

consecutive dry ",eek is high upto 21st ",eek. The proba­

bility of occurrence of three consecutive dry ",eek is 

high onl y upto 18th ",eek of the year. Tbl~se probabi 1 i­

ties of occurrence also increase remarkably from 44th 

week to 52nd week. 
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Similarly the probability of occurrence of wet 

week is very less upto 22nd week. It starts increas-

Ins sradually upto 33rd week i.e. 43% to 93% and then 

starts decreasing gradually till 43rd week i.e. 93% to 

52% From 44th week of the year it reduces even to 

the level of 0% . The conditional probability of occur-

rence of wet week preceded by wet week is moderate in 

the first two weeks of the year i.e. 33%,but it in­
CJ,.t\d 

creases substantially from 24th week to 33rd week A then 

decreases gradually. The probability of occurrence of 

two consecutive wet weeks is significant in 25th week 

i . e. 45% and increases upto 77% by 32nd week of the 

year . It starts decreasing suddenly f~om 40th week. 

The probability of three consecutive we~ weekS is very 

poor tIll 26th week of the year. Its maximum probability 

of occur~~~~4 is 71% at 31st week. Thereafter it de-

creases to a level of 6% by 43rd week of the year. 

Foreca.tina of Commencement of Sowlna Rain 

Ueekly rainfall data are analysed for the fore-

casting of commencement of sowing rain as per the method 

described in the Chapter-III and the result is illus-

trated in Table C-2. 

As described the forecasting of sowing rain is 

calculated by making forward and backward accumulation 

of rainfall. Table C-2 illustrates the results of the 
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analysis. From the result it is evident that at 75% 

probability 

22nd week 

at least 75mm rainfall can~be 

and 200mm at 26th week of the 

expected at 

year, taking 

forward accumulation into account. Similarly at least 

50() mm rainfall can be expected at 34th week, 300 mm at 

37th week and 100 mm at 40th week respectively taking 

back~ard accumulation of rain water into account. ~hese 

It is clear from the g~aph that at 75% probabil­

ity level it takes four weeks to accumulate from 75mm to 

200mm .On the other hand it takes only three weeks at 

the end of the rainy season to drop from an expected 

300mm to 100mm . From 22nd week to 36th week of the year 

the rainfall is adequate to take rice crop. But the 

probability curve of two consecutive dry weeks having 

less than 20 mm rainfall shows there is 40% chance of 

occuring dry weeks at the 22nd week . 

If a farmer starts his sowing in 22nd week, he 

may take a risk to a level of 40 percent. But if he 

starts planting in 25th week he can have a chance of 

failure of only 7.5%. There£ot'e it is suggested that a 

far-mer can start his farming ac:tivities in 25th week in­

stead of 22nd week to avoid crop failurH. 
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Batlmation of Crop Evapotranapiration 

Reference crop evapotJ'anspiration ET is 
o 

estImated using the computer programme developed on the 

equations described in the Chpater -III. The weekly 
c o.le v lo-t.e..d 

va.lues of reference crop evaporation,c.,for the 

from 1960 to 1991 using the methods such as 

period 

modified 

Blaney-Criddle method , modified Radiation method and 

modified Penman method aJ'e given in Appendix D 

(Table D-1,D-2,D-3). 

Comparing the values of reference crop evapo-

translration obtained by using the above three methods 

~'r is seen that the modified Penman method gives the 

lower values as compared to other two methods. 

Under'drylMa ,situations, the water requirement 

of crops is limited to the soil moisture availability 

thus modified Penman method has been considered to 

estimate the water requirement of crops s11ch as arhar, 

groundnut • maize and upland paddy . The \Jeekly values 

of reference crop evapotranspiration based on modified 

Penman method is given in Table D-4. 

The values of crop coefficient are affected 

ma.inly by the crop characterintics , crop planting or 

sowing date rate of crop d~velopment length of 

gro-wing season and climatic conditions. Thus crop coef-

tic.i.ent curves for arhar, gt.'oundnut and maize are 

developed as per the guideline~J given by Doorenbos and 
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Pruitt (1977) and are presented in Fig 4.2 • 4.3 • 4.Q. 

The crop evapotranspiration has been calculated 

using the equation 3.6i. ~he weekly values of crop 

evapotranspiration for arhar. groundnut,~aize and upland 

paddy are shown in Table D~5 • D-6 ,D-7 and D-8 . It is 

evident from these tables that the consumptive use of 

wc~ter for arhar,groundnut, maize and upland paddy are 

572.50 mm , 296.93 mm • 372.95 mm and 485.16 mm 

respectively. 

ro~.c •• tlna of C~op Yl.1da b ••• d on 

Day. 

Growina Dearee 

The growIng degree days are calculated for dif­

ferent growth phase for crops such as arhar, groundnut, 

maize and upland paddy using the equation 3.6~. 

The yeild of different crops as mentioned above 

for 16 years from 1976 to 1991 along with the calculated 

growing degree days for diffrent growth phases such as 

initial stage , crop development stage, mid season 

stage and late season stage ~~~ presented in Appendix 

E in Table E-1 • E-2 , E-3 & E-4. 

To obtain a simple linear regression relationship 

in respect of yIeld and accumulated growing degree days 

for a particular growth phHse, the cliffrent models 

described in equatIon 3.63 to 3.6~ are fitted The 
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r~gression equations and correlations coefficients 

obtained between crop yield and growing degree days 

for arhar groundnut , maize and upla.lld paddy are 

presented in Table 4-1 to 4.4. res~ectively. 

The correlation coefficients of arhe.l~ (Table 4.1) 

during the initial stage vari~s from -0.P1 to -0.95 
b x 

But it is interesting that the models Y:: <Le and Y= 

b a..x yields the same correlatic)n coef£ icionta.s -0.95. In 

the crop development stage the correlation coefficients 
bx 

rallges from 0.94 to 0.95 and the model Y= Q..e yields 

the value 0.94 and all other models yield the same 

correlation coefficients i.e. 0.95 . All the models 

have the same correlation coefi~ient for mid season i.e. 

0.97 Whereas in late season the first two models give 

the correlation coefficient of 0.96 and the last two 

models give the same as 0.97. 

Table 4.2 shows that for groundnut the mid 

$eason growth phase has the lowest correlation coeffi-

cient of -0.B6 to -0.B7 as compared, to other three 

phases For maize, during the mid season stage, the 

correlation coefficient estimated by four models is the 

same. In the first two growth phase the last two 

models give low correlation coefficient of 0.85 as 

indicated in Table 4.3 . From Table 4.4. it Is evident 

that the mid season and late season of upland paddy has 

the same correlation coefficients of 0.B9 and 0.91 

respectively as estimated by all the fou~ models. The 
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lIe 4.1 Regression models relating yield and growing degree days 
for arhar 

andard 
dels 
nsiderd 

Models developed for differeht stage 
-------------------------------------------------------
Initial 
stage 

Crop dev. 
stage 

I'Ud 
s ea.son 

Late 
season 

-------------------------------------------------_._-------------------
=a+bX Y=101.4-0.19X Y=-77.19+0.13Z Y=40.02-0.026X Y=-17.35+0.054X 

r=-0.91 r=0.95 r=-0.97 r=0.96 
---------_._--------------------------------------_._-------------------
a+blnX Y=584.15-93.26 

InX 

r=-0.92 

Y=-545.08+85.51 Y=220.28-29.88 Y=-156.25+26.75 
InX InX InX 

r=-=0.95 r=-·0.97 r=0.96 
--~-----------------------------------------------.---------------------

bX 5 .- 0 . 02X 
Y:::l.36xl0 e 

r-=--0.95 

-3 O.OlX 
Y=1.93xl0 e 

r=0.94 

-3 
-26.7X 5.6x10 X 

Y=207.59 e Y=0.59 e 
r=-0.97 r=0.97 

---------- --------------------------_ .. _--------------------------------
b 

aX 
-9.62 

Y=5.278X 
r=-0.95 

-24 8.62 
Y=5xl0 X 

r=0.95 

3.0 -3 
Y=1.67xl0 X 

r=-0.97 

-7 2.76 
Y=3.63x10 X 

r=0.97 

ble 4.2 Regression models relating yield and groving degree days 
for groundnut 

:andard 
>dels 
msiderd. 

Models developed fOl' different .stage 
--------------------------------_ .. _--------------------
Initial 
stage 

Crop de". 
'stage 

M:.d 
season 

Late 
season 

-- - .- -_ .. _ ........ - ---- - - - -- -- - - -- -- - - .- - - - - - - - ... - - - --- - -- - .... - - - - - - - - - - - - - - - - - - - - -

a+bX Y=-93.03+0.02X 
r=0.96 

Y=-70.9+0.14X 
r=0.93 

Y=91.99-0.14X 
r=-0.86 

Y=-26.99+0.14X 
r=0.94 

-------------------------------------------------------------------
a+blnX 1=-632.2+104.5 

InX 
r=0.96 

Y=-515.9+83.2 
InX 

Y=521.6-80.5 
InX 

r=-0.86 

Y=-206.7+38.84 
InX 

r=0.94 
- - - -- - - - - - - - - - - - - - - - - - - - - - - - -- - - -- - - - - .- -- '- - - - - - - - - - - - - - - - -- - - - - - -. - - - - - - - -

bX 
ae 

b 

-3 0.02 
Y=1.5xl0 e 

r=0.97 

0.01 
Y=0.01 e 

r=0.93 

-0.01 
Y=111S1 e 

r=-0.87 

0.01 
Y:::0.432 e 

r=0.94 
-----------------------------------------------------------------

-23 8.9 
Y==1.54xlO X 

r=0.97 

-19 7.0 
Y=4.95xlO X 

r=0.93 

20 -6.8 -8 
Y=1.02xlO X Y=9.84xlO 

r=- 0 . 8 ~7 r=0.94 

3.3 
X 

-----_.------------------------------_ .. _--------_ .. _--------------------
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Table 4.3 Regression models relating yield and growing degree days 
for maize 

--------~-----------~~~~~--~--~~----.~~--~-----------------------Standard Models developed for different Htage 
models 
considerd 

----------------------------------_._-------------------
Initial 
stage 

Crop dev. 
stage 

Mid 
sea~lon 

Late 
season 

------------------------------------_.--------------------------------
Y=a.+bX Y=222.3-0.54X 

r=-0.90 
Y=-211.1+0.4X Y=276.5-0.4x 

r=0.90 r=-0.90 
Y=149.7-0.3X 

r=-0.94 
._------_ .. _-------------------------------------------------------------

'I.=a+blnX Y=1229.2-203.9 
InX 

r=-0.90 

Y=-1445.7+230.8 Y=1702.6-259.8 Y=825.16-132.3 
InX InX InX 

r=O.90 r=-O.90 r=-O.94 
... -. --. "~ .'- ... ~ .-- ... ~ .... - .- ..... - -- -- - -"' - - .... - - -- - - - - - - - - - - - - - ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

bX 
Y=ae 

6 -0.03X 
Y=5.9x10 e 

r=-0.85 

-5 0.03X 6 -0.03X 11 -O.02~ 

Y=1.13x10 e Y=385.5xlO e Y=2.84x10 e 
r=O.85 r=-0.90 r=-0.93 

-----------------------------------------------------------------------
b 

Y=aX 

33 -12.7 
Y=9.9x10 X 

r=-0.85 

-39 14.4 49 -16.9 
Y=4.5x10 X Y=1.4x10 X 

r=O.85 r=-O.90 

24 -8.6 
Y=1.2xl0 X 

r=-O.93 

----------- --------------------------------------------------------------
Table 4.4 Regression models relating yield and growing degree days 

for upland pa.ddy 

Standard 
models 
considerd 

----------~~~--~--~----~~-------------------------------------Models developed for different utage 

Initial 
stage 

Crop dev. 
stage . 

Mid 
season 

Late 
season 

---------------------------- .. _------------------------------
;:~~~;-----;=50.2-0.09X Y=116.9-0.18X Y=93.9-0.15X Y=-66.6+0.21X 

r=-0.83 r=-0.86 r=-0.89 r=0.9i 
-------------------------------------------------------------

;~::~~~~---;~243.2-38.4 Y=675.6-104.5 Y=522.7-80.9 Y=-460.6+79.8 
lnX InX lnX InX 

--------
bX 

i=ae 

r=-O.83 r=-0.86 r=-0.89 r=O.91 

---- ---------------------------_._-------------------------------
-7.3X 

Y=239.9 e 
r=-0.86 

-0.01X -O.OlX 
Y=42840.1 e Y=6401.1 e 

r=-0.89 r=-O.B9 
Y=0.03 e 

r=O.?l 

O.02X 

----------
- - - -- - - - - -- - - - - - ---- - ----- -- - ----- ---- ---_ .... -- - - ._-- -- - - -.- -- - - ---

6 -3.0 23 -8.2 
Y=3.7xlO X 

r=0.91 

iB -6.2 
Y=1.2xl0 X 

r=0.91. 

-15 6.0 
Y=4.8xl0 X 

r=0.91 
b 

----

Y=890.1x10 X 
r=O.91 

--------- - - - -- - - - - - - - - - - - - - - - - - - - - - _ .. - -- - - - - - - - - ~- - - - - - - - - - -- - - - - - - - - --
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coefficients obtained by the models y= 0", + b X and Y = a,. . , 

+ blnX for the initial growth phase is the lowest of all 

a.nd is -0.83. 

From all the values of correlation coefficients 
b 

it . is clear that the model Y= ~X yiolds the best 

result in comparison to othors models for the four 

growth phases of all the four crops under consideration. 

These equations can bfl used to pI'edict the crop 

yield of arhar, sroundnut, ma!.ze and upla:':ld paddy using 

growing degree days. 

Development of C~op-Ueather Modol 

Multiple regresssion analyses are made to develop 
. 

1 tionship among variables auch as crop yield , 
C'e a 

rain-

fall , average temperature , average relative humidity , 

sunshine hour and wind velocity. 

maize 

through 

The yield of crops such. as arhal.', groundnut 

and upland paddy arB 

simple regression 

correlated individually 
~ .tt...e.. ~tc ... O'\J y == 0... + 10 y. 

model with accumulated 
"-

rainfall average temperature aV(!.C'ag e relative 

humidity , sunshine hour and wind veloc~ty for 16 years 

from 1976 to 1991 for the initial groW~:,.1 stage, crop 

development stage. mid Sflason and late season 

:3eparately . The coefficient£! of corlo;elatlon thus ob-
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tained for diffennt crops are presented in Tables4.5 

4 .6, 4.7 and 4.8. 

Table 4.5 presents the correlation coefficient of 

the realtionship between different weather paramters 

under consideration and crop yield of arhar in differ­

ent growth phase. It is clear that rainfall, sunshine 

hour and wind velocity have higher correlation coef­

ficients with yield only during initial growth stage 

but average temperature and average relative humidity 

have the higher correlation coefficients during the mid 

season From Table 4.6 it is clear that rainfall, 

average relative humidity and sunshine hour have' higher 

correlation coefficients during t~e late season with 

yield of groundnut whereas average temperature is 

hIghly correlated with yield durins crop development 

~tage 
and wind velocity during mid season of crop 

growth. Table 4.7 indicates that wind velocity has the 

best correlation with yield of maize during initial 

growth stage, rainfall during mid season and all other 

parameters in the late season of crop growth. In case of 

upland paddy it is evident from table 4.8 that wind 

velocity is highly correlated with the yield during 

initIal growth stage,average temperature during mid 

season and all other parameters during the late season 

.)f crop arowth . All the correlation coefficients which 

are significant are star marked in all the tables. 

The weather elements those are highly correlated 
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~able 4.5 Coefficient of correlation between ar~ar yield and weather 
parameter 

-----------------------------------------------------------------------

eather 
:;elernent 

ainfall 
ve~age temperature 
verage relative 

Initial 
stage 

-0.52* 
-0.57 
-0.15 

Stages of crop growth 

Crop develop­
ment stage 

-0.40 
-0.96 
-0.40 

Mid 
season 

0.29 
--0.97 * 

0.59* 

Late 
season 

-0.22 
0.73 
0.23 

humidity 
unshine hour 0.39* 0.27 --0.25 -0.03 

, ind velocity -0.29* -0.17 0.03 0.10 1 _____________________________________________________ ------------------

~able 4.6 Coefficient of correlation between groundnut yield and weather 1 parameter 

~----------------------------------------------------------------------Stages of crop growth 
-----------------------------------------------~ i' 

,'\'{I 

ieather Initial Crop develop- Hid Late 
~l stage ment stage season season 
~ ement 
t ________ ----------------------------------------.. ---------------------l! . f 11 -0.24 -0.08 0.07 0.26* 
,~ J.n a 0 64 O. 93'1r 0 85 0 92 
~i e [' a.g e t em per at u r e _ 0 : 05 - 0 . 21 .. . -- 0 ~ 27 * 
~~. era~e_ r'elative 0.16 
~,\tl hUmld.1 t Y ~. -0.05 0 22 
~nshine hour -0.01 0'38 

--0.15 
0.40* 

-0.36* 
0.02 

4hlnd velocity . 
~ --------------------_ .. _-------------------------------~~~--~-;-~~:;;~~~ent of correlation be~ween maize yield and weather 
;.::, e . paramet er 
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Table 4.8 Coefficient of correlation between upland paddy yield and 
weather parameter 

!Jeather 
1~1ement 

Rainfall 
Average 
Average 

temperature 
J:'elative 

humidity 
Sunshine hour 
tEnd velocity 

Initial 
stage 

0.03 
-0.82 

0.53 

-0.33 
-0.47* 

Stages of crop growth 

Crop develop­
ment stc~ge 

0.06 
-0.86 
--0.03 

0.14 
-0.29 

IUd 
l::eason 

I) .11 
·-0.89* 
--0.03 

--0.08 
--0.10 

Late 
season 

0.64.* 
-0.20 

0.55* 

-0.44* 
0.14 

------------------------------------------------------------------------



108 

with yield are taken into consideration for the develop-

ment of crop-weather model. The weather elements along 

with yield data for 16 years for crops under consldera-

tion from 1976 to 1991 are presented in Table 4.9 to 

4.12. By applying multiple regression technique the 

models are formulated as given below . 

For Arhar 

y = 0.191 +0.065X - 0.06X + O.015X + 0.24X +O.008X 
1 2 345 

. .. ( 4 . 1 ) 

For Gorundnut 

y = -5.163+1.06X +1.09X - 1.15X +2.30X +0.55X 
1 2 3 4 

For Maize 

= 0.53-0.01 X -0.53X +0.15X +0.43X +0.17X 
1 2 345 

For Upland paddy 

5 
(4.2) 

(4.3) 

y = 0.65 +0.04X - 0.12X +0.02X + 0.2aX +0.24 X 
1 234 5 

(4.4) 

For all the above four models 

y = Yield of crops in Quintal/hectare 

= Rainfall in mm during the period 
X 

1 o 

X 
2 

~ Average temperature in C during th& period 

X 
3 

X 
4 

X~ 

= Average relativa humidity in per cent 

during the period 

sunshine hour in hours during the p Elr i od 
= 

velocity in krn/hr" during the period 
= tJind 
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Table 4.9 Di££ecent weathec elemen~during sensitIve peciods of achac 
along with yield data fcom 1976 to 1991 

-------------------------------------_._---------_._----------------------
Yeac Yield Rainfall Av.Temp. Av.R.h. Sunshine W"ind 

velocity 
in in in in in in 

q/ha. mm deg.cent. pee cent houc km/ \touv 
------------------------------------------------------------------------
1976 8.20 271. 0 1795.6 4432.0 117 . 6 242.5 

1977 9.05 305.5 1781.8 4357.5 112.1 249.2 

1978 9.38 115.3 1761.8 4684.5 121.9 138.9 

1979 12.11 324.6 1692.0 4581.0 141.6 200.1 

:1.980 9.-77 289.2 1758.4 4413.0 116.6 172.7 

t981 9.93 360.0 1731.8 4221.0 129.6 258.5 

1982 9.44 509.0 1767.7 4371.5 79.2 215.3 

1983 10.00 384.4 1711.8 4427.0 99.8 200.0 

1984 7.11 404.0 1852.6 4195.0 131.0 221.2 

1985 7 .22 360.4 1841.3 4440.0 128.6 197.5 

1986 11.89 154.0 1674.1 1764.5 140.3 193.3 

1987 13.56 139.8 1607.0 4739.0 159.8 157.2 

1988 10.22 208.0 1702.3 4189.5 94.7 172.0 

1989 9.93 331.5 1731.8 4430.5 94.3 63.2 

1990 11.22 144.8 1701.0 4726.5 132.2 43.7 

1991 9.38 344.4 1779.3 4660.5 68.5 101.1 
---------- ----------------------------------------------------

-----~-

,)0 Diffecent weather e~emen~Sduring sensitive periods of 
Table 4. groundnut along wlth Yleld data from 1976 to 1991 

y~;~~---' ~;;:i~----;~~~;:~~--~~~~::;~-----~~~;~~----~:::~~::----~~:~----

-----
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
198'7 
1988 

, 1989 
1.990 
1991 

- - -- ~-

in 
mm 

"in 
deg.cent. 

in 
per cent 

in 
hour 

velocity 
in 
km/ ,",OUY 

in 
q/ha 

_.------ --------------------------------------------_._----------­
2.0 10.28 

10.97 33.0 

11. 11 66.8 

13.84 82.5 

12.19 5.7 

13.94 3.2 
67.2 13.80 

13.47 129.8 

9.78 27.0 

9.72 197.4 

lO.OO 195.2 

13,47 93.0 

J1094 65.9 

1.0078 68.0 
151.5 10.44 

10.92 100.0 
------ -----

-~ - - --

858.5 
864.2 
865.5 
883.1 
868.4 
886.7 
877.5 
869.9 
853.9 
853.3 
854.3 
868.6 
866.5 
861.7 
859.2 
859.2 

1051.0 
1160.5 
1226.0 
1184.5 
1139.0 
1049.0 
1141.0 
1141.0 
1249.5 
1176.0 
1269.5 
1287.5 
1003.0 
1221.5 
1204.0 
1231.5 

137.3 
132.3 
107.8 
117.1 
136.0 
147.7 
112.9 

90.8 
92.2 
89.1 
95.2 

116.8 
150.4 
118.9 
83.5 
6.3.4 

-------------------------------------

171.9 
146.3 
168.5 
150.0 
185.8 
209.4 
188.8 
198.7 
116.4 
184.1 
151.2 
123.8 
143.7 

28.4 
52.7 
19. 6 

- ~- - - -. - - ,,- -- _. 
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Table 4.11 Different weather elementsduring sensitive periods of maize 
along with yield data from 1976 to 1991 

------------------------------------------------------------------------
Year Yield Rainfall 

in 
q/ha 

in 
mm 

Av.Temp. 

in 
deg.cent. 

Av.Rh. 

in 
per cent 

Sunshine 

in 
hour 

Wind 
velocity 

in 
km/ ,",01"" 

------------------------------------------------------------------------
1976 
1977 
1978 
1.979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

22.93 
9.14 

19.14 
11.11 

9.59 
16.05 
11.51 
12.39 
19.60 
23.01 
19.44 
18.46 
15.28 
1'7.38 
22.90 
17.76 

277.6 
404.7 
231.2 
357.6 

59.2 
3.2 

77 . 4 
149.8 

66.4 
197.4 
206.4 
115.2 
109.5 

68.0 
153.2 
101.4 

683.6 
724.8 
690.5 
714.6 
721.9 
705.5 
703.9 
713.6 
687.6 
673.8 
688.8 
689.5 
709.4 
702.4 
684.5 
700.2 

1764.0 
1584.0 
1918.0 
1861.5 
1843.0 
1670.5 
1825.5 
1880.5 
1869.5 
1950.0 
1929.5 
1889.0 
1693.0 
1864.(· 
1942.( 
1951 . (. 

228.2 
243.0 
186.9 
237.9 
211.5 
241.9 
207.3 
187.2 
181.3 
231.9 
195.3 
215.4 
242.9 
2011..6 
151.1 
134.5 

180.7 
144.8 
129.7 
170.9 
132.6 
132.4 
187.6 
173.7 
142.9 
143.6 
189.5 
128.4 
152.2 

92.5 
34.9 

106.4 
----------------------------------------------_ .. _---------------------

Table 4.12 Different weather elementsdurin~ sensitive periods of upland 
paddy along with yield data from 1976 to 1991 

~_ ._ ~_ - _.' .-. ,~ ~ •••••• - - -.. '-- - - - - .... _ •• .-.- - ••• - - - _._ - - - on. _____ ... __ • _________ • __ , _ ..... _______ • ________ • ______ 

Yea.r Yield Rainfall Av.Temp. Av.Rh. Sunshine Wind 
velocity 

in in . in in in in 
q/ha mm deg.cent. per cent hour km / ~C11Jv - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -------------_._----------------------

1976 11.58 52.1 851.8 1477.0 191.3 168.2 
1977 13.66 165.0 844.2 1633.5 164.2 137.4 
1978 14.77 115.2 877.1 1674.0 123.2 112.3 
1979 11.03 176.9 853.6 1652.5 164.8 195.2 
1980 12.63 126.6 842.9 1639.5 155.8 153.3 
1981 12.46 189.8 844.8 1603.0 158.9 138.0 
1982 10.21 6.4 864.7 1492.0 177 .2 176.9 
1983 14.10 204.6 851.3 1753.5 110.5 161.3 
1984 14.16 11. 0 841.5 1486.5 183.3 168.0 
1985 14.44 238.1 830.1 1675.0 141.1 146.1 
1986 14.72 335.4 827.9 1725.5 101.0 161.2 
1987 to.30 0.0 862.0 1599.0 143.7 154.6 
1988 11.72 263.2 850.8 1681.0 139.4 177.4 
1989 12.00 41.8 845.0 1640.0 145.4 115. 1 
1990 12.72 341.7 825.4 1789.0 110.2 57 . 1 
1991 10.89 73.2 885.2 1673.0 107.7 80.2 
.- -- _ .. - - . ,- - - .- --- - - - _. - - - - - - - .- - - - - - - - - - - - - - - .- - -- - - - -- - - - .- - ~ - - - - -. - - .- __ a - __ •••• - _ •• __ •• _ •• _ " •• 



111 

The above models given in equation 4.1, 4.2, 4.3 & 4.4 heLve:! 

correlation coefficients of 0.84 ,0.91,0.98, and 0.85 

respectively which indicate that there exist high 

relationships among the param~ters . 



CHAPTER V 

SUMMARY AND CONCLUSION 

).1 Summary 

Agriculture is the main source of income of 

people of Orissa, which depends mainly Dn rainfall. AS 

rainfall distribution is quite erratic and uneven the 

agricultural production is thus highly unstable. Even 

during the monsoon season th~ state suffers from simul-

taneous problems of draoght and flood. For this rea-

son, the study of variation of weather p~rameters is of 
o~ 

prime importance for crop planning, Development~reliable 

crop - weather models are needed to predict the yield 

and for the determination (If climatic risks in crop 

production. 

Forecasting of rainfall is essential for proper 

planning of crop production. Different agricultural 

operations depend on rainfall under dryland situation. 

By about 70 % of cultivable land of Orissa depends on 

rainfall for crop production. Prediction of rainfall in 

advance helps to accomplish the agricult4ral operations 

in time. 
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Statisti cal analysis of rainf'a-ll data of Bhuba­

neswar for 42 years from 1950 to 1991 has been carried 

out in order to find out the distribution of weekly. 

fortnighly and monthly values. Th reel probabillity 

distribution functions have been considered to find out 

the best fit of the data series. Different statistical 

models have been tried to fOr£~cast the wHekly rainfall. 

dry weeks and wet weeks, critical dry spells and com­

mencement of sowing rain for the year 1992. 

Crop yield models have been developed basing on 

growing degree days for crops such as arhar. groundnut, 

maize and upland paddy. 

Crop-weather models have been developed by multi­

ple regression technique relating yield and weather 

parameters such as rainfall, average temperature, aver­

age relative humidity , sunshine hour and wind velocity 

for the above said crops. 

2. Conclusion 

The following are the salient c(lnclusions that 

'~an be drawn from the i.nvestigation rE·ported in the 

text of this dissertationu 

Rainfall data series of any particular week, 



2. 

,., 
~, . 

4. 

fortnight or· month over a period of 1950 to 

1991 have been found seriali~ independent. 

Most of the rainfall time series of actual 

data are found to be positively skewed. The 

dispersion and s~ewness of the actual data 

are nulli~1ed to a large extent when the 

square root and cube root transformed data 

are considered. 

In case of original and transformed data, 

the Cht-square values for the time series 

under normal distribution .and log normal 2 

distribution are found to be non-signifi 

cant in most of the weeks, fortnights and 

months. In case of cube root transformed 

data, the c~i-square values for the lognor 

mal - 3 distribution are found to be sig-

nificant at 95 per c.C!.nl: level. 

The five year-moving average forecasting 

technique 'Jave better results than the 

three, seven and nine year periods. The 

exponential smoothing technique also gives 

satisfactory result. 

Prediction models for the year 1992 show that 



6. 

7. 

B. 

115 

seedbed preparation is to p~ taken up in the 

23rd week ~s effective monsoon breaks towards 

Bth of June. As the effective monsoon ceases 

on 29th October '1992, the crops of . duration 

about 140 days can be selected. Dry spe~ls 

have been indicated, so that provision for 

irrigation facilities can be made available 

during those periods. 

It is suggested that the planting of crops 

may be taken up in 25th week at Bhuba--

neswar as 200 mm. rainfall is expected at 75 

percent probability level. 

Modified Penman method yields lower values of 

mean weekly ~eference crop eva~otranspiration 

as compared to modified Blaney- Criddle 

method and modified Radiation method. Crop 

evapotranspiration valu~s for the crops of 

arhar, groundnut, maize and upland paddy are 

572.50 mm., 296.93 mm., 372.95 mm. and 485.16 

mm. respectively. 

The power regression models of the form 
\J 

Y = a.X 

shows that the best relationship between 

crop yield and grol,l'ing degree days for the 

crops such as arhar, groundnut, maize and 

upland paddy for all the growth titages. 
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The crop weather models devl~loped amon • .;! the 

parameters such as yield ( y) in q/hec 

rainfall ( X >in mm, temperature ( X ) 

1 2 
0 

in C relative humidity ( X ) in per 
3 

cent sunshine hour X )1n hour and wind 
4 

velocity 

below for 

(X ) 
5 

in Km./hour are given 

difrerent crops with their 

correlation coefficient values. 

y = 0.191 + 0.065 X - 0.06 X + 0.015 X + 0.024 X + 0.008 X 
1 2 3 4 

r = 0.B4 
For Groundnut 

Y = -S.163+1.06X +1.09X -1.15 X +2.30 X + O.SSX 
12345 

r = 0.91 
For- l'1c~ i Z Ii 

Y :: O. ~)3 - 0.01 X - 0.S3X +0.15 X +0.43 X +0.17 
1 2 3 4 

r = 0.98 
For Upland paddy 

X 

y = O.b5 +0.04 X - 0.12 X + 0.02 X +0.28 X + 0.24 
1 2 3 4 

r = O.BS 

5 

X 

5 

5 
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APPENDIX - A 
Table A-1 Statistical paI'amet eI'S 0 f weekly da.ta seI'ies 

--_ .. _-----------------------------------------------------------
Week no. mean sd cv cs ck 

-_ .. ------------------------------------------------------------
1 2 3 4 5 6 ~_~~N ____ ~ ________ ~ _________________ ~ _________________ ----------

Week 1 
4.10405 15.22780 3.71043 4.61108 24.48504 (o.d) 
1.00000 3.71043 3.71043 4.61108 24.48504 (m.d) 
0.65211 1.94127 2.97690 3.48901 14.88757 (s.d) 
1.23279 0.72296 0.58644 3.5437.4 15.02652 (c.d) 

Week 2 
2.92810 8.03156 2.74293 3.2 a 9 t: 6 12.42902 
1.00000 2.74293 2.74?-93 3.209;: 6 12.42901 
0.68758 1.58594 2.30655 2.402'/3 7.82366 
1.24867 0.59631 0.47756 2.57942 8.71286 

Week 3 
1.11405 5.26849 4 . 7 2 ~) 1 4 5.970:18 38.97640 
1.00000 4.72914 4. 72 I) 14 5.970]8 38.97640 
0.27003 1.03273 3 .82/146 4. 582~) 2 24.56510 
1.08426 0.39359 0.36JOO 4. 613 111 25.88204 

tJeek 4 
1.33929 5.50799 4 . 11:~ 6 4 5. 067:' 4 28.79024 
1.00000 4.11264 4.11:~64 5.067" 4 28.79030 
0.34247 1.11884 3.26697 3 . 9 2 9:~ 11 18.44306 
1.11234 0.41550 0.37:354 4.37720 21.73681 

Week 5 
1.58857 4.52804 2.85038 3.16361 12.08983 
1.00000 2.85038 2.85038 3.16361 12.08982 
0.48081 1.17919 2.45249 2.56088 8.39965 
1.14744 0.44828 0.39068 2.62499 9.24119 

WeE:k 6 
4.26119 9.06250' 2.12675 2.89797 11.72539 
1.00000 2.12675 2.12675 2.89797 11.72539 
1.11618 1.75752 1.57459 1.622~)6 4.96527 
1. 37305 0.66798 0.48649 1.86150 5.70037 

WeE!k 7 
5.70214 11.29171 1.98026 2.13159 6.72757 
1.00000 1.98026 1.98026 2.13159 6.72757 
1.21674 2.07958 1.70913 1.47664 3.85620 
1.4.4066 0.79999 0.55':>30 1.529,30 3.99480 

Week 8 
7.74905 17.11509 2.20.367 2.583·~8 9.02451 
1.00000 2.20867 2.20867 2.583~8 9.02451 
1.40641 2.43142 1. 72 ·g82 1.76203 5.07199 
1.48982 0.93019 0.624.37 1.81512 5.14588 

W I~ E~k 9 
3.61000 8.53949 2.36551 3.29216 14.80178 
1.00000 2.36551 2.36551 3.29216 14.80177 
0.92738 1.67841 1.80984 1. 906 q3 6.02060 
1.31113 0.63785 0.48649 2.08141 6.71812 
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---- .. ----------------------------~------------------------------
Week no. mean sd cv cs ck 

--- .. -----------------------------------------------------------
1 2 3 4 5 6 

--------------------------------------------~-------------------
Week 10 

9.73595 20.64648 2.12064 2.44060 7.92213 
1.00000 2.12064 2.12064 2.44060 7.92214 
1.62935 2.69330 1.65299 1.64680 4.69061 
1. 59017 1.01316 0.63714 1.6915B 4.73668 

Week 11. 
6.64357 15.14.267 2.27930 2.5067 !i 8.44805 
1.00000 2.27930 2.27930 2.5067 !i 8.44805 
1.22325 2.29625 1.87717 1.86612 5.26375 
1.42656 0.88126 0.617'15 1.9330B 5.39922 

Week 12 
4.93405 9.51202 1.927:33 2 . 42 71~) 8.42536 
1.00000 1.92783 1.92733 2.4271 -I 8.42535 
1.27249 1.84274 1.44814 1.38409 4.03900 
1.42565 0.70943 0.4971S2 1.58234 4.53102 

Week 13 
5.52929 11.87332 2.14735 2.86810 11.47260 
1.00000 2.14735 2.14735 2.89810 11.4.7261 
1.21547 2.03734 1.67618 1.64466 4.90052 
1.43325 0.77531 0.54095 1.74364 5.15850 

Week 14 
6.21476 15.44956 2.48S r}S 3.3020/1 14.52910 
1.00000 2.48595 2.48595 3.30203 14.52909 
1.19267 2.21567 1.857'14 2.076313 6.66220 
1.40580 0.84457 0.60078 2.15941 6.76433 

Week 15 
4.69429 9.86566 . 2.10163 2.9568,S 12.21110 
1.00000 2.10163 2.10163 2.95686 12.21111 
1.15990 1.85219 1.59685 1.57680 4.80515 
1.38482 0.72272 0.521139 1.59314 5.02995 

Week 16 
4.79310 11.89670 2.48205 3.63811 17.71467 
1.00000 2.48205 2.48205 3.63810 17.71466 
1.08117 1.92680 1.78214 2.04489 6.84581 
1.35090 0.74312 0.55009 2.1357~ 7.04740 

tJeek 17 
8.76214 15.39589 1.75709 1.9042.3 5.54553 
1.00000 1.75709 1.75709 1.90423 5.54553 
1.76076 2.40831 1.36777 1.17777 3.22807 
1.61222 0.94082 0.58355 1.22688 3.29169 

tJeel<. 18 
7.27167 14.90481 2.04971 2.45330 8.44428 
1.00000 2.04971 2.04971 2.45330 8.44428 
1..49106 2.27410 1 . 525 .l6 1.56863 4.48992 
1.49377 0.88775 0.59430 1. 6553 L 4.59148 
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----------------------------------------------------------------
W e l~k no. mean sd cv "cs ck 

---------------------------------------------------------------
1 2 3 4 5 6 

----------------------------------------------------------------
(J e I~k 19 

10.54714 23.38463 2.21715 3.70299 18.64091 
1.00000 2.21715 2.21715 3.70298 18.64091 
1.88083 2.67967 1.42473 1.73280 6.10211 
1.64523 1.02150 0.62088 1.63876 5.42918 

Week 20 
10.29452 18.19634 1.76757 2.30348 8.42005 

1.00000 1.76757 1.76757 2.30348 8.42005 
1.96592 2.56642 1.30546 1.17590 3.50254 
1.67794 1.00742 0.60039 1.15551 3.33717 

Week 21 
11.28190 15.18976 1.34638 1.43075 4.34396 

1. 00000 1.34638 1.34638 1.43075 4.34396 
2.37756 2.40134 1.01000 0.57708 2.23943 
1.83915 0.95605 0.51983 0.63190 2.17213 

We el<; 22 
19.00714 25.53443 1.34341 1.82857 6.05065 

1.00000 1.34341 1.34341 1.828S7 6.05065 
3.27641 2.91102 0.88848 0.63275 2.81459 
2.18451 1.12644 0.51565 0.56712 2.52556 

Week 23 
29.71382 37.46766 1.26095 1.80459 6.78716 

1.00000 1.26095 1.26095 1.'80459 6.78716 
4.15832 3.56723 0.85'785 0.47203 2.59675 
2.48729 1.38268' 0.55590 0.25915 2.20938 

lJe ek 24 
32.22929 34.95876 1.08469 1.58885 5.85041 

1.00000 1.08469 1.08469 1.58885 5.85041 
4.73127 3,17560 0.67119 0.32347 2.78112 
2.73447 1.20813 0.44182 0.13496 2.41596 

Week 25 
49.95357 47.59565 0.95280 1.30033 4.58930 

1.00000 0.95280 0.95280 1.30033 4.58930 
6.19731 3.43927 0.55496 0.28376 2.72991 
3.25793 1.27640 0.39178 -0.07877 2.65251 

Week 26 
63.04834 56.57632 0.89735 2.24451 10.36608 

1.00000 0.89735 0.89735 2.24451 10.36608 
7.20553 3.37640 0.46858 0.46758 4.41640 
3.64395 1.17717 0.32305 -0.06945 3.90019 

W e ,~l<; 27 
50.49952 46.30501 0.91694 1.36158 4.48530 

1.00000 0.91694 0.91694 1.36158 4.48530 
6.37035 3.18748 0.50036 0.44486 2.97125 
3.35071 1.13672 0.33925 0.17060 2.74237 
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~---------------------------------------------------------------.. 
WHek no. mean- sd cv cs ck 

--~--~-~-----~--------~---------~----~---~--------------------~ 
1 2 3 4 5 6 

-~--------------------------------------------------------------
We ek 28 

64.83500 54.23111 0.83645 2.01628 9.21170 
1.00000 0.83645 0.83645 2.01628 9.21171 
7.40287 3.20582 0.4:1305 0.47788 4.07779 
3.71532 1.11722 0.30071 -0.02437 3.51005 

lJeek 29 
79.76070 53.21072 0.66713 1.31053 6.25248 

1.00000 0.66713 0.66713 1.31053 6.25248 
8.41787 3.01948 0.35870 0.08797 3.61728 
4.07401 1.02246 0.25097 -0.34491 3.64673 

rJE!ek 30 
66.19380 48.25587 0.72901 1.02919 4.32578 

1.00000 0.72901 0.72901 1.02919 4.32577 
7.51547 3.15410 0.41968 -0.10730 3.24426 
3.76303 1.10518 0.29370 -0.43683 3.32514 

lJeek 31 
85.99404 83.05820 0.96586 1.61976 5.91452 

1.00000 0.96586 0.96586 1.61976 5.91452 
8.22378 4.33721 0.52740 0.47352 3.31241 
3.96433 1.42122 0.35850 0.11~!09 3.12201 

Week 32 
73.61571 50.77190 0.68969 0.82131 3.58439 

1.00000 0.68969 0.68969 0.82131 3.58438 
7.99678 3.14691 0.39352 -0.11645 2.98873 
3.91954 1.10745 0.28255 -0.55631 3.54991 

Week 33 
95.45882 55.02969 0.57648 0.79B99 5.24565 

1.00000 0.5764.8 0.S7648 0.791399 5.24565 
9.26334. 3.14401 0.23940 -0.59621 4.38975 
4.35337 1.04770 0.2.4066 -0,.9[.540 4.97116 

Week 34 
73.52142 59.67350 0.81165 1.0612l 3.81056 

1.00000 0.81165 0.81165 1.06121 3.81056 
7.80978 3.58251 0.45872 0.lE.580 2.77303 
3.83339 1.25416 0.32717 -0.26451 2.99851 

Wf"ek 35 
74.38334 56.90853 0.76507 1.26668 4.79196 

1.00000 0.76507 0.76507 1.26668 4.79196 
7.99617 3.27098 0.40907 0.3(909 3.06928 
3.92140 1.10922 0.28286 -0.02,1349 2.90750 

Week 36 
63.36905 51.51385 0.81292 1.6S083 7.85057 

1.00000 0.81292 0.81292 1.6 S' I) 83 7.85057 
7 .. 33890 3.12115 0.4.2529 0.4~B95 3.3926'1 
3.69958 1.07847 0.29151 0.11699 2.85593 
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-~--------------------------------------------------------------. , 

Ueek no. mean sd cv cs ck 

--~------------------------------------------------------------
1 2 3 IJ 5 6 

_,....,...., ..... .,., ~,..., _"'#'OJ __________ "'*'" __ ~_#'Y ~,...,.,.., "',...,,.. ,..., _________ "'"- ,. ... --~ __ ,-v __ ,...,_,.... __ ,..,. -_"'-1_-
lJeelc 37 

80.78382 60.90250 0.75389 1.69967 7.08364 
1.00000 0.75389 0.75389 1.6996'7 7.08364 
8.40443 3.22443 0.38366 0.51313 3.79696 
4.06567 1.06286 0.26142 0.11984 3.34869 

tJ e elc 38 
57.55286 52.93235 0.91972 2.73661 14..19811 

1.00000 0.91972 0.91Y72 2.73661 14.19812 
6.96496 3.04348 0.43697 0.98486 5.22370 
3.57364 1.04362 0.29203 0.50610 3.87579 

~] e elc 39 
52.75618 43.28552 0.82040 1.13615 4.48707 

1.00000 0.82048 0.82048 1.13615 4.48707 
6.44734 3.38540 0.5 2!, 09 -0. 284~: 4. 3.22932 
3.39629 1.20889 o . 35!i 9 Ll -0.527'/1 3.25354 

t.l e ek 40 
46.90833 49.30293 1.05105 1.882 '17 8.43463 

1.00000 1.05105 1.05105 1.88247 8.43462 
5.69071 3.85726 0.67782 0.14629 2.91615 
3.07373 1.42909 o . 46 It9 4 - 0 . 142!i 2 2.46600 

lJeek 41 
57.35691 51.20225 0.89~~70 0.83016 3.08330 

1.00000 0.89270 0.89~~70 0.830~6 3.08330 
6.52665 3.88842 o . 59!; 7 8 -0.137(;5 2.40149 
3.39009 1.39314 0.41095 -0.31102 2.33025 

Wee,k 42 
36.96810 39.14032 1.05B76 1.16391 3.93716 

1.00000 1.05876 1.051376 1.163!) 1 3.93716 
4.91309 3.62527 0.73'/88 0.12384 2.23333 
2.80026 1.36233 0.48650 -0.00867 2.01879 

Wee,k 43 
28.88476 27.99241 0.96911 0.86180 3.45705 

1.00000 0.96911 0.96911 0.861130 3.45705 
4.35659 3.18536 0.73116 -0.12230 2.04045 
2.62227 1.21783 0.46442 -0.18407 1.91091 

Week 44 
34.01905 71.49874 2.10173 2.82330 10.99610 

1.00000 2.10173 2.10173 2.82330 10.99609 
3.29144 4.87350 1.48066 1.61963 4.97747 
2.15503 1.69937 0.78:356 1.43367 4.15624 

Week 45 
21.26286 49.32313 2.31968 3.35566 14.43480 

1.00000 2.31968 2.31968 3.35566 14.43480 
2.49866 3.92248 1 . 5 6~) 8 3 1.86634 6.24338 
1.89259 1.40171 0.741)63 1 . 6861) 6 5.28581 
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___ •• ____________________________ A __________ A ____________________ 

. " 

Week no. mean sd cv cs ck 

-------------~----~------------------~----~--------------------
1 2 3 4 5 6 

,.." - ,., "" -------,.., ---------------------------------------------------
Week 

Week 

Week 

Week 

Week 

tJ e €·k 

Week 

sel = 
cv = 
cs .-
.:k .-

46 
15.05833 35.83433 2.37970 

1.00000 2.37970 2.37970 
1.93914 3.40200 1.75lJ.39 
1.69305 1.24014 0.73?-1I.9 

4'7 
4.67786 17.04244 3.64::22 
1.00000 3.64322 3.64322 
0.75717 2.05053 2.70013 
1.21118 0.77847 0.64273 

48 
7.55476 20.60404 2.72'129 
1.00000 2.72729 2.72'/29 
1.13387 2.53417 2 . 23 1196 
1.41613 0.94522 0.66'/46 

49 
0.35000 1.56848 4. 4 8~. 3 6 
1.00000 4.48137 4.48137 
0.14918 0.57943 3.88404 
1.04375 0.18917 0.18124 

50 
2.02310 8.14330 4.02!>17 
1.00000 4.02517 4.02517 
0.40624 1.37963 3.39606 
1.15072 0.51947 0.45143 

51 
1.30714 4.46796 3.41811 
1.00000 3.41811 3.41811 
0.38053 1.09119 2.86'153 
1.12136 0.40827 0.36408 

52 
0.24452 1.14957 4.70124 
1.00000 4.70125 4.70125 
0.12266 0.48484 3.95264 
1.02929 0.14687 0.14269 

standa~d deviation. 
coefficient of va~iance. 
coefficient of skewness. 
coefficient of cu~tosis. 

3.01209 11.73845 
3.01209 11. 73847 
1.95654 6.12928 
1.88440 5.68432 

4.15799 19.19557 
4.15799 19.19557 
3.47509 14.41081 
3.521111 14.58734 

3.38 9~' 7 14.57633 
3.38997 14.57632 
2.37295 7.79336 
2.370?4 7.60888 

5. 619 (; 2 35.35452 
5.61962 35.35448 
4.338:' 3 21.87103 
5.29048 31.73482 

5.077!;5 29.43943 
5.07755 29.43944 
3.83009 17.54946 
3.93598 18.39447 

4.07269 18.97550 
4.07268 18.97550 
3.18208 12.45104 
3.38973 14.21169 

5.95608 38.90521 
5.95608 38.90516 
4.55255 24.20964 
6.19224 41.19417 

o.d - o~iginal data. 
m.d - modula~ data. 
s.d - square~oot data. 
c.d - cube~oot data . 

.-.-.-.-.---~---------'----- ,---------
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---~----------------------------~----------~~-------------------" 

Week no. mean sd cv- cs ck 

---------------------------------------------------------------
1 2 3 4 5 6 

-_ .. ----------------------------------------------------------
Week 

Week 

Week 

tJ eek 

Week 

tJ e e, k 

TJHE!k 

ad = 
cv = 
cs .-
ck -:: 

46 
15.05833 35.83433 2.37970 

1.00000 2.37970 2.37970 
1.93914 3.40200 1.75439 
1.69305 1.24014 0.73249 

47 
4.67786 17.04244 3. 64~:22 
1.00000 3.64322 3.64322 
0.75717 2.05053 2.70B13 
1.21118 0.77847 0.61l273 

48 
7.55476 20.60404 2.72729 
1.00000 2.72729 2.72'/29 
1.13387 2.53417 2 . 23/196 
1.41613 0.94522 0.66'/46 

49 
0.35000 1.56848 4. 4 8~. 36 
1.00000 4.48137 4.48137 
0.14918 0.57943 3.88tiOIl 
1.04375 0.18917 0.18124 

50 
2.02310 8,14330 4.02!;17 
1.00000 4.02517 4.02517 
0.40624 1.37963 3.39606 
1.15072 0.51947 0.45143 

51 
1.30714 4.46796 3.41811 
1.00000 3.41811 3.41811 
0.38053 1.09119 2.86753 
1.12136 0.40827 0.36408 

52 
0.24452 1.14957 4.70124 
1.00000 4.70125 4.70125 
0.12266 0.48484 3.95264 
1.02929 0.14687 0.14269 

standard deviation. 
coefficient of variance. 
coefficient of skewness. 
coefficient of curtosis. 

3.01209 11. 73845 
3.01209 11. 73847 
1.95654 6.12928 
1.88440 5.68432 

4.15799 19.19557 
11 . 157 $19 19.19557 
3.47509 14.41081 
3.521/11 111.58734 

3.38 9~' 7 14.57633 
3.38997 14.57632 
2.37295 7.79336 
2.370'.'4 7.60888 

5.61962 35.35452 
5.61962 35.35448 
4.338'.'3 21.87103 
5.29048 31.73482 

5.077!;5 29.43943 
5.07755 29.43944 
3.83009 17.5491l6 
3.93598 18.39447 

4.07269 18.97550 
4.07268 18.97550 
3.18208 12.45104 
3.38973 14.21169 

5.95608 38.90521 
5.95608 38.90516 
4.55255 24.20964 
6.19224 41.19417 

o.d - original data. 
m.d - modular data. 
s.d - squareroot data. 
c.d cuberoot data. 
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Table A-2 Statistical paramet er-s 0 f £or-tn~ghtly data ser-ies 
__ ~ _________________________________________ ,v ___________________ 

For-t:night no. mean sd cv cs ck 

----------------------------------------------------------------
1 2 3 4 5 6 

~-~~~-~---~-~------------~-------------------------~------------
Fortnight 1 

7.0321,4 18.27672 2.59903 3.23180 13.42423 (o.d) 
1.00000 2.59903 2.59902 3.23180 13.42425 (m.d) 
1.15078 2.41807 2.10125 2.21710 7.07682 (s.d) 
1.42110 0.90739 0.63851 2.23514 7.02550 (c.d) 

For-tnight 2 
2.45333 7.41877 3.02395 3.67455 15.81304 
1.00000 3.02395 3.02395 3.67455 15.81303 
0.61250 1.45906 2.38213 2.71830 9.75705 
1.19660 0.55512 0.46392 2.90622 10.91947 

Fortnight 3 
5.84976 9.96692 1.70382 2.13166 7.99837 
1.00000 1.70382 1.70382 2.13166 7.99837 
1.43724 1.96885 1.36988 1.07473 3.05313 
1.50544 0.75955 0.50453 1.18551 3.23894 

For-'snight 4 
13.45119 22.90906 1.70313 2.46522 9.89192 

1.00000 1.70313 1.70312 2.46522 9.89192 
2.35648 2.84444 1.20707 1.08584 3.49206 
1.82913 1.10281 0.60291 1.03528 3.14581 

Fortnight 5 
13.34595 23.06926 1.72856 1.83848 5.10968 

1.00000 1.72856 1.72856 1.83849 5.10968 
2.22171 2.93514 1.32112 1.14153 3.18018 
1.80956 1.10787 0.61223 1.18102 3.19279 

FoC't.night 6 
11.57762 18.46625 1.59500 1.88146 5.98440 

1.00000 1.59500 1.59500 1.88147 5.98440 
2.26310 2.57167 1.13635 0.97669 2.98663 
1.78148 1.01290 0.56857 1.02158 2.89752 

Fortnight 7 
11.74405 22.78678 1.94028 2.64991 9.92838 

1.00000 1.94028 1.94028 2.64991 9.92837 
2.02041 2.80159 1.38665 1.39886 4.29278 
1.71951 1.06227 0.61778 1.39684 4.06527 

Fortnight 8 
9.48738 14.82435 1.56253 2.12390 7.39846 
1.00000 1.56253 1.56253 2.12390 7.39846 
2.08977 2.29022 1.09592 0.90158 3.09829 
1.71535 0.91427 0.53299 0.90749 3.00735 

for t:night 9 
1.6.03381 22.82224 1.42338 1.43891 4.05173 

1.00000 1.42338 1.42338 1.43891 4.05173 
2.80070 2.89649 1.03420 0.73543 2.40109 
1.97538 1.15049 0.58241 0.71626 2.26873 
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-----~--------------------------- .. ------------------------------
For:·tnight no. mean sd cv cs ck 

-~--------------------------------------------------------------
1 2 3 4 5 6 __ ~ __ ~ _______________ ---------------------~-u---------__________ 

Fortnight 10 
20.84167 31.78818 1.52522 2.01570 6.87379 

1.00000 1.52522 1.52522 2.01570 6.87379 
3.16176 3.33308 1.054.18 0.86938 3.00695 
2.12488 1.27821 0.60155 0.75503 2.64375 

Fortnight 11 
30.28905 34.08954 1.12547 1 .. 48975 5.45071 

1.00000 1.12547 1.12547 1.48975 5.45071 
4.45487 3.27076 0.73420 0.32112 2.49529 
2.61594 1.26370 0.48308 0.16388 2.14839 

For'tnight 12 
61.94310 60.82291 0.98192 1.18286 3.98789 
1.00000 0.98192 0.98192 1.18286 3.98789 
6.80163 4.00791 0.58926 0.26960 2.50641 
3.4.6293 1.4.1922 0.40983 0.01434 2.32625 

Fortnight 13 
113.00191 81.76653 0.'12359 1.57132 5.69584 

1.00000 0.72359 0.72359 1.57133 5.69584 
9.98412 3.69380 0.36997 0.42346 4.10635 
4.56082 1.17524 0.25768 -0.21707 4.71913 

Fortnight 14. 
115.33452 67.98451 0.5894.6 0 76555 4.13893 

1.00000 0.58946 0.58946 0.76555 4.13894 
10.21617 3.35141 0.32805 -0.21237 3.34868 

4.64562 1.07542 0.2314.9 -0.59261 3.72612 
Fortnight 15 

145.95454 69.24004 0.47439 0.01286 2.70269 
1.00000 0.47439 0.47439 0.01286 2.70269 

11.65664 3.21297 0.27563 -0.73412 3.67831 
5.09064 1.00364 0.19715 -1.08553 4.67901 

Fortnight 16 
159.60979 94.65244 0.59302 0.78826 3.65013 

1.00000 0.59302 0.59302 0.78827 3.65013 
12.04784 3.84865 0.31945 0,00812 2.99002 

5.19265 1.14644 0.22078 -0.28893 3.12778 
Fortnight 17 

168.98022 75.12686 0.44459 -0.05609 2.50331 
1.00000 0.41!459 0.44459 -0.05609 2.50331 

12.61298 3.18344 1).25239 -0.66633 3.36906 
5.37587 0.95427 0.17751 -0.92205 3.94575 

Fortnight 18 
137. '15237 74.73383 0.54252 0.93581 4.04297 

1.00000 0.54252 0.54252 0.93581 4.04.297 
:1.1.30226 3.20240 0.28334 0.10066 3.50192 

4.98970 0.96931 0.19426 -0 25219 3.80259 
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___ ,_ .... _,...,_,.."~f",J_~ ___ ~""' ___ ,..,,.., ____ ...., __ ,...,_,...,.oJ __ ,-.J ______ ..... ,..;~ ...... _,..., __ ...... ,..... __ ,.., __ ,..., __ ,..-I_ ...... 

Fot"tnight no. mean sd cv cs ck 

-------------------------------------------_ .. _------------------
1 2 3 '4 5 6 

--------------------------------------------~------------------
Fot"tnight 19 

138.33667 81.25194 
1.00000 0.58735 

11.24266 3.49722 
4.96175 1.06574 

FOt"tnight 20 
99.66455 59.67454 

1.00000 0.59875 
9.31963 3.62236 
4.34719 1.25294. 

Fot"tnight 21 
94.32500 63.35838 

1.00000 0.67170 
8.92867 3.86781 
4.21239 1.31722 

For-tnight 22 
62.90382 78.54150 

1.00000 1.24860 
6.43022 4.69913 
3.30369 1.63355 

For-tnight 23 
36.32119 60.43034 

1.00000 1.66378 
3.99785 4.56447 
2.44074 1.62079 

F.'o!·tnight 24 . 
12.23262 25.80158 

1.00000 2.10924 
1.76360 3.05693 
1.62071 1.15754 

For-tnight 25 
2.37310 8.33393 
1.00000 3.51184 
0.52723 1.46500 
1.19061 0.54704 

FOI'tnight 26 
1.55167 4.61292 
1.00000 2.97288 
0.47870 1.16395 
1.14900 0.43318 

:.0 d ::. 

~. ""',. .. 

standard deviation. 
coeff!~lent of varianae. 

~,tI '" eoeff!e!Elftt ofake"mess. 
~k coeffl~lent of curtoalB. 

0.58735 1 02796 4.66890 
0.58p5 1.02796 4.66890 
0.31107 ( .07097 3.48143 
0.21479 -(i.29542 3.63605 

0.59875 (1.55493 3.68035 
0.59875 (1.55493 3.68035 
0.38868 -(1.91350 4.52955 
0.28822 -~ .. 37618 5.47787 

0.67170 0.35091 2.54452 
0.67170 0.35091 2.544.52 
0.43319 -0.59120 3.09906 
0.31270 -0.86736 3.49395 

1.24860 ;~.01855 7.08048 
1.24860 2.01855 7.08048 
0.73079 0.66033 3.34310 
0.49446 0.29358 2.75180 

1.66378 ;~ . 18809 7.32823 
1.66378 :~ . 18809 7.32823 
1.14173 L 06404 3.43676 
0.664.06 1).89289 2.92342 

2.10924 ,a. 31711 2 7.47700 
2.10924 .~ . 3174. 2 7.47701 
1.73334 l.64732 4.48101 
0.71422 L.62402 4.31188 

3.51184 1.74636 26.45635 
3.51184 L 74636 26.45637 
2.77S67 3.21569 13.38980 
0.45947 3.39962 14.64442 

2.97288 3.65576 16.07208 
2.972.88 3.65576 16.07208 
2.43147 2.65882 9.34502 
0.37701 2.92051 11.0'7941 

o.d - original data. 
m.d - modular data. 
s.d - squar-et"oot data. 
c.d - cube~oot data. - .. ---------------~-------- ----------
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Ta.ble A-3 Statistical par-amet er'o for- monthly data s er- i es 

_~ ,..., •• , _.....,,..., _ ,..., _,..,,..., ,..., ,..., ,..",.., f"V"" I">J,..,,..,,.., _,...,,...,,..., ,...,,.'0,1"'" ,..,,..., _,..,....,,..., "J>,.., _,..,,..., IV,.., _,..,,..J _,..., rv _,..,,...,. #"0#"" ,.., _,..,,...,,..,,...,,...,,..., __ 

1~ 0 1'l1: 1"1 no . mean ad ev es ek . ,_.w _________________________________________________ ---------

:l 2 3 4 5 6 __ v~ ___________________________ •• _____________________ --------

l'1onth 1 
9.48548 19.29774 2.0J445 2. 61:.61 9.96395 (o.d) 
1.00000 2.03445 2.0J445 2.61161 9.96395 (m.d) 
1.66508 2.62235 1 . 5 '/491 1 . 51'/94 4.38701 (s.d) 
1.60037 0.99486 O. 6:~ 165 1.54H15 4.30437 (c.d) 

I"Ionth 2 
19.30095 27.18406 1.41)843 2 . 51'7 a 4 11.17227 

1.00000 1.40843 1.41)843 2.51'104 11.17227 
3.24130 3.00157 O. 9:~ 604 0.67 ,) 4 2 3.22752 
2.18541 1.14543 0.5~413 0.57j78 2.70892 

I'lonth 3 
24.92357 28.29357 1.1 ~521 1.20255 4.06290 

1.00000 1.13521 1.13521 1. 20 a55 4.06290 
3.92552 3.12184 0.7~527 0.27~61 2.15987 
2.43267 1.20812 0.4~662 0.21709 1.95216 

I'ton th 4 
21.23143 28.38456 1.33691 2.12940 7.97794 

1.00000 1.33691 1.33691 2.12940 7.97794 
3.55356 2.96876 0.83543 0,.66159 3.21270 
2.30010 1.12810 0.490lJ.5 0.56601 2.79576 

rIc)nth 5 
36.87547 39.61240 1.07422 1.12125 3.65946 

1.00000 1.07422 1.07422 1.12125 3.65946 
4.91231 3.61324 0.73555 0.19157 2.17389 
2.75769 1.40951 0.51112 -0.00882 1.97831 

110nth 6 
92.23215 73.91199 0.80137 1.04439 4.18124 

1.00000 0.80137 0.80137 1.04439 4.18124 
8.72181 4.06895 0.46653 0.01639 2.84580 
4.13219 1.36082 0.32932 -0.31454 2.88980 

J10nth 'l 
228.33646 103.92408 0.l}~)514 0.12209 2.83775 

1.00000 0.45514 O.4!iS14 0.12209 2.83775 
14.62315 3.85402 0.26356 -0.82804 4.61235 

5.92462 1.12840 0.19046 -1.33250 6.34032 
l"Ionth 8 

305.56427 111.72810 0.36565 0.12749 2.99008 
1.00000 0.36565 0.36565 0.12749 2.99008 

17.16609 3.33998 0.19457 -0.37C95 3.12266 
6.62552 0.88087 0.1.:,3295 -0.54609 3.30324 

Month 9 
306.73264 111.07384 o .3 Ii 212 0.49812 3.62470 

1.00000 0.36212 0.36212 0.49812 3.62470 
17.22208 3.22176 0.18707 -0.08978 3.50238 

6064270 0.84175 0.1.2672 -0.30481 3.67347 
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........ #"V .. ...,....., ........ ,...,,.....,...,,...,.-~ ""'-',...,,...., ........ ""'-''''''''''' .....,,...,,...,,...,,....,,....,,....,,..., ""'-' ,..,.,....,,..,~ -,...,,.. '"..I ,...,,...,,...,,....,.....,,..., r.J "'-#,....,,..~ ,.,.,;,...,,.,...,..., ...................... ,..., _ ('V ........................ ,...,,...,,...,.....,_ 

Month no. mean sd cv cs ck 
'." ....... "j' ....... ....,.,........ ,..., t"V',..". • .-..;...., ....... .....,.,..,...., rY,...,,...,,;o.J,...,,...,.-v,..,,,...,....,.....,....,....,....,.....,,...,,,.~....,,...,,...,,....,,.....,..,....,,..,......,,..., r~ ,..,,...., _,..., ".I,...,.....,,....,,....,,...,,...,....,;oJ.-v...., _,....._ 

:1 2 3 4 5 6 

------------------------------- .. ----------~------------------
I10nth 10 

238.00119 96.95374 0.40737 0.46624 3.01928 
1.00000 0.40737 0.40737 0.46624 3.01928 

15.10434 3.17817 O. 2:l 041 0.03D96 2.63852 
6.08034 0.86329 () . 1/11 98 -0.10970 2.59075 

Month 11 
157.22879 102.90873 0.65452 1. 72331 6.95441 

1.00000 0.65452 0.6S452 1.72831 6.95441 
11.97566 3.76157 0.31410 0.84610 4.07244 

5.18062 1.07561 0.20762 0.56805 3.50566 
Month 12 

48.55381 62.27452 1.28259 1.51962 5.08758 
1.00000 1.28259 1.28259 1.51962 5.08758 
5.14130 4.76029 0.92589 0.48455 2.30180 
2.83869 1. 71668 0.601174 0.32309 1.98170 

sd - standard deviation. o.d - ori.ginal data. 
c:v .- coefficient of varince. m.d - modular data. 
(' c· ---~. 

coefficient of skewness. s.d - sq.1areroot data. 
d<- .- coefficient of cut:·tosis. c.d - cu:>eroot data. 
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Table A - 4 Serial correlation co e f f i c i en ts 0 £ different 'Weeks £or 
original and transfol'med data 

Week 1 

1 0.176 2 -0.04.9 3 -0.059 4. -0.061 5 -0.050 6 -0.003 7 -0.062 
8 -0.064 9 -0.065 10 -0.067 11 -0.069 12 -0,.070 13 -0.072 14 -0.074 

15 -0.076 (original data) 

1 0.176 2 -0.049 3 -0.059 4 -0.061 5 -0.05:) 6 -0.003 7 -0.062 
8 -0.064 9 -0.065 10 -0.067 11 -0.069 12 -0.070 13 -0.072 14 -0.074 

15 -- 0.076 (modular data) 

1 [; . ~~]. 2 -2 "0.033 3 -0.096 4 -0.083 5 -0.028 6 -0.088 7 -0.093 
8 "0.096 9 -0.099 10 -0.102 11 -0.104 12 -0.102 13 -0.105 14 -0.108 

15 -0.111 (squareroot data) 
1 0.299 2 -0.036 3 -0.087 4 -0.085 5 -0.070 6 0.073 7 -0.083 
8 -0.086 9 -0.089 10 -0.091 11 -0.094 12 -0.095 13 -0.097 14 -0.100 

15 -0.103 (cuberoot data) 

Week 5 
1 -0.097 2 0.172 3 -0.122 4 -0.141 5 -0.143 6 0.191 7 -0.113 
8 0.020 9 -0.102 10 -0.078 11 -0.071 12 -0.077 13 -0.041 14 -0.073 

15 0.054 (o.d) 

1 -0.097 2 0.172 3 -0.122 4. -0.141 5 -0.143 6 0.191 7 -0.113 
8 0.020 9 -0.102 10 -0.078 11 -0.071 12 -0.077 13 -0.041 14 -0.073 

15 0.054 (m.d) 

1 -0.0e.2 2 0.215 3 -0.081 4 -0.191 5 -0.177 6 0.100 7 -0.104 
8 0.062 9 -0.148 10 -0.055 11 -0.084 12 -0.112 13 -0.009 14 -0.100 

15 0.140 (s.d) 
]. -0.075 2 0.241 3 -0.298 4 --0.124 5 -0.193 6 0.170 7 -0.102 
8 0.076 9 --0.087 10 -0.078 11 -0.059 12 -0.073 13 -0.049 14 -0.065 

.15 0.096 (c.d) 
Jeek 10 

1 -0.130 2 0.092 3 0.159 . 4 -0.145 5 0.09!) 6 -0.171 7 -0.204 
8 -0.022 9 -0.095 10 -0.005 11 -0.051 12 -0.03!) 13 0.059 14 -0.096 

15 -0.065 (o.d) 

1 -0.130 2 0.092 3 0.159 4 -0.145 5 0.090 6 -0.171 7 -0.204 
8 -0.022 9 -0.095 10 -0.005 11 -0.051 12 -0.035 13 0.059 14 -0.096 

15 -0.065 (m.d) 

1 -0.082 2 0.058 .3 0.136 4 -0.143 5 0.044 6 -0.159 7 -0.294 
8 -0.011 9 -0.041 10 -0.011 11 -0.064 12 0.031 13 0.105 111 -0.076 

15 -0.031 (s.d) 
1 -0.096 2 0.063 3 0.131 4 -0.156 5 0.039 6 -0.165 7 -0.284 
8 0.003 9 -0.056 10 0.012 11 -0.046 12 0.044 13 0.109 14 -0.067 

15 -0.038 (c.d) 
Jeek 15 

1 -0.003 2 -0.090 3 -0.129 4 0.001 5 -O.OOH 6 0.046 7 0.150 
8 0.025 9 -0.098 10 -0.105 11 -0. L~ 8 12 -0.100 13 0.110 111 0.048 

L 5 -'0.04'7 (o.d) 

1 -0.003 2 -0.090 3 -0.129 4 0.001 5 -0. DOH 6 0.046 7 0.150 
8 0.025 9 -0.098 10 -0.105 11 -0.128 12 -0.100 13 0.110 14 0.048 

l5 -0.047 (m.d) 

1 0.029 2 -0.157 3 -0.157 4 0.0*4 5 D.OOt. 6 0.049 7 0.093 
8 0.088 9 -0.115 10 -0.156 11 -0.140 12 -0.074_ 13 0.142 14 -0.001 

,5 -0.082 (s.d) 
1 0.039 2 -0.146 3 -0.105 4 0.OL;9 5 O.OOt, 6 0.083 7 0.090 
8 0.023 9 -0.108 10 -0.136 11 -0.141 12 -0.17l 13 0.131 14 0.064 

.5 -0.158 (c.d) 
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TJeek 20 
1 -0.155 2 0.262 3 -0.134 4 0.108 5 0.027 6 -0.088 7 0.249 

8 0.138 9 -0.080 10 0.007 11 -0.158 12 0.181 13 -0.109 14 0.030 

15 0.190 (o.d) 
1 -0.155 2 0.262 3 -0.134 4 0.108 5 0.027 6 -0.088 7 0.2ll9 

8 0.1.38 9 -0.080 10 0.007 11 -0.158 12 0.181 13 -0.109 14 0.030 

15 0.190 (m.d) 
1 -0.093 2 0.281 3 -0.211 ·4 -0.052 5 0.048 6 -0.080 7 0.362 

e- 0.169 9 -0.025 10 -0.004 11 -0.200 12 0.105 13 -0.097 14 0.083 

15 0.231 (s.d) , 

1 -0.083 2 0.250 3 -0.218 4 -0.084 5 0.022 6 -0.069 7 0.376 

8 0.155 9 -0.031 10 -0.052 11 -0.:197 12 0.130 13 -0.092 14 0.108 

15 0.198 
TJeek 25 

1 0.007 2 -0.142 3 0.048 4 0.123 5 0.098 6 0.247 7 -0.002 

8 -0.227 9 0.160 10 0.139 11 -0.t46 12 -0.099 13 0.035 14 -0.002 

15 0.036 (o.d) 
1 0.007 2 -0.142 3 0.048 4 0.123 5 0.098 6 0.247 7 -0.002 

8 -0.227 9 0.160 10 0.139 11 -0.146 12 -0.099 13 0.035 14 -0.002 

15 0.036 (m.d) 
1 0.076 2 -0.219 3 0.090 4 0.161 5 0.109 6 0.255 7 0.021 

8 -0.240 9 0.124 10 0.169 11 -0.092 12 -0.090 13 -0.061 1ll -0.000 

15 0.115 (s.d) 

1 0.091 2 -0.250 3 0.098 4 0.161 5 0.098 6 0.226 7 0.028 

8 -0.207 9 0.098 10 0.152 11 -0.077 12 -0.059 13 -0.098 14 -0.012 

15 0.138 (c.d) 

TJeek 30 
0.211 

1 0.110 2 -0.225 3 4 0.078 5 -0.035 6 0.062 7 0.118 

8 -0.010 9 -0.172 10 0.022·11 -0.023 12 -0.206 13 0.094 14 0.106 

15 -0.026 (o.d) 

1 0.110 2 -0.225 3 0.211 4 0.078 5 -0.035 6 0.062 7 0.118 . 
8 -0.010 9 -0.172 10 0.022 11 -0.023 12 -0.206 13 0.094 14 0.106 

15 -0.026 (m.d) 

1 0.171 2 -0.295 3 0.045 4 0.034 5 -0.045 6 0.140 7 0.202 

8 -0.009 9 -0.168 10 -0.000 11 -0.053 12 -0.173 13 0.100 14 0.140 

15 0.020 (s.d) 

1 0.183 2 -0.315 3 -0.012 4 0.016 5. -0.046 6 0.165 7 0.225 
8 -0.007 9 -0.167 10 -0.011 11 -0.060 12 -0.161 13 0.096 14 0.147 

15 0.029 (c.d) 
tJeek 35 

1 0.015 2 0.067 3 0.011 IJ. -0.172 5 -0.105 6 0.080 7 0.219 
8 0.012 9 0.019 10 0.116 11 0.OB5 12 0.031 13 0.017 14 0.133 

15 -0.102 (o.d) 

1 0.015 2 0.067 3 0.011 I} -'0.1'72 5 -0.105 6 0.080 7 0.219 
8 0.012 9 0.019 10 0.116 11 0.08!> 12 0.031 13 0.017 14 0.133 

15 ··0.102 (ro.d) 

1 -0.009 2 0.092 3 -0.078 4 ·-0.228 5 -0.117 6 0.055 7 0.212 
8 -0.013 9 0.027 10 0.071 11 0.081 12 0.036 13 0.076 14 0.063 

15 -0.029 (s.d) 

1 -0.024 2 0.099 3 -0.102 4 -0.246 5 -0.119 6 0.037 I 0.198 I 

8 -0.028 9 0.Q2S 10 0.046 11 0.076 12 0.040 13 0.090 14 0.038 
15 0.001 (c. d) 



Week 40 
1 -0.157 2 -0.068 3 -0.177 4 0.262 5 "::0.068 6 -0.037 7 -0.020 
8 0.345 9 0.003 10 -0.087 11 -0.119 12 0.147 13 -'0.089 14 0.095 

15 -0.263 . (o.d) 
1 -0.157 2 -0.068 3 -0.177 4. 0.262 5 -0.068 6 -0.037 7 -0.020 
8 0.345 9 0.003 10 -0.087 11 -0.119 12 0.147 13 -0.089 14 0.095 

15 -0.263 (m.d) 
1 -0.201 2 0.010 3 -0.116 4 0.285 5 0,068 6 -0.116 7 -0.019 
8 0.207 9 0.033 10 -0.076 11 -0.107 12 0.053 13 -0.036 14 0.096 

15 -0.230 (s.d) 
1 --0.201 2 0.024 3 -0.104 4. 0.259 5 0.094 6 -0.129 7 -0.048 
8 0.166 9 0.029 10 -0.064 11 -0.125 12 0.025 13 -0.016 14 0.085 

15 -0.219 (c.d) 
Week 45 

1 0.080 2 -0.123 3 -0.035 4. 0.078 5 0.029 6 0.116 7 -0.066 
8 -0.071 9 -0.027 10 -0.065 11 -0.043 12 -0.025 13 -0.024 14 -0.059 

15 0.100 (o.d) 

1 0.080 2 -0.123 3 -0.035 4 0.078 5 .0.029 6 0.116 7 -0.066 
8 -0.071 9 -0.027 10 -0.065 11 -0.043 12 -0.029 13 0.116 14 -0.066 

15 0.100 (m.d) 
1 0.115 2 -0.252 3 -0.061 4 0.040 5 0.063 6 0.130 7 -0.112 
8 -0_131 9 -0.034 10 -0.067 11 -0.006 12 0.038 13 -0.028 14 -0.054 

15 0.238 (s.d) 

1 0.126 2 -0.259 3 -0.097 4 0.047 5 0.073 6 0.141 7 -0.103 
8 -0.133 9 -0.023 10 -0.063 11 -0.003 12 0.035 13 -0.024 14 -0.076 

15 0.241 (c.d) 

Week 50 
1 -0.047 2 ·'0.068 3 -0.069 4 -0.071 5 0.339 6 -0 .. 074 7 -0.076 
8 -0.077 9 -0.079 10 -0.074 11 -0.071 12 -0.072 13 0.044 14 0.083 

15 -0.059 (o.d) 

1 -0.047 2 -0.068 3 -0.069 4 0.071 5 0.339 6 -0.074 7 -0.076 
8 -0.077 9 -0.079 10 -0.074 11 -0.071 12 -0.072 13 0.044 14 0.083 

15 -0.059 (m.d) 

1 0.001 2 -0.095 3 -0.097 4 -0.100 5 0.332 6 -0.104 7 -0.106 
8 -0.108 9 -0.110 10 -0.098 11 -0.086 12 -0.088 13 0.142 14 0.187 

15 -0.069 . (s.d) 

1 -0.010 2 -0.093 3 -0.095 4 -0.097 5 0.349 6 -0.101 7 -0.10.3 
8 -0.105 9 -0.107 10 -0.096 11 -0.085 12 -0.088 13 0.123 14 0.174 

15 -0.068 (c.d) 

Week 52 
1 -0.049 2 -0.050 3 -0.051 4 -0.052 5 -0.047 6 -0.040 7 -0.041 
8 -0.042 9 -0.043 10 -0.045 11 0.127 12 -0.047 13 -0.048 14 -0.049 

15 -0.050 (o.d) 
1 -0.049 2 -0.050 3 -0,051 4 -0.052 5 -0,047 6 -0.040 7 -0.041 
8 .- a . 042 9 -0.043 10 -0.045 11 0.127 12 -0.047 13 -0.048 14 -0.049 

15 -0.050 (m.d) 
1 -0.069 2 -0.070 3 -0.070 4 -0.074 5 -0.060 6 -0.045 7 -0.046 
8 -0.048 9 -0.049 10 -0.051 11 0.269 12 -0.054 13 -0.056 14 -0.057 

15 -0.059 (s.d) 
1 ··0.043 2 -0.044 3 -0.045 11 -0.U46 5 -0,044 6 -0.038 7 -0.039 
8 -0.040 9 -0.041 10 -0.042 1 1 0.047 12 ""0.044 13 -0.045 14 -0.046 

15 ··0.046 (c.d) 

o.d oI'iginal data. m.d - modulaI' data. 
s.d squaI'eI'oot data. c.d - cubeI'oot data. 

..,. 
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Table A - 5 Serial correlation co e f f 1 c i en ts o'f different f ofl.nights 
for origina:l and transformed data 

Fortnight 1 

1 0.466 2 0.148 3 -0.097 4 -0.107 5 -0.132 6 -0.091 7 -O.lLll 
8 -0.104 9 0.020 10 -0.013 11 -0.083 12 -0.144 13 -0.132 14. -0.125 

15 -0.113 (o.d) 
1 0.466 ·2 0.148 3 - 0 . ~9 7 4 -0.107 5 -0.132 6 -0.091 7 -0.141 
8 -0.104 9 0.020 10 -0.013 11 -0.083 12 -0.144 13 -0.132 14 -0.125 

15 -0.113 (m.d) . 
1 0.430 2 0.176 3 -0.119 4 -0.065 5 -0.169 6 -0.053 7 -0.183 
8 -0.108 9 -0.003 10 0.033 11 -0.079 12 -0.198 13 -0.141 14 -0.128 

15 -0.113 (s.d) 

1 0.442 2 0.186 3 -0.103 4 -0.098 5 -0.193 6 -0.076 7 -0.193 

8 -0.094 9 0.009 10 0.043 11 -0.062 12 -0.192 13 -0.139 14. -0.128 

15 -0.117 (c.d) 

Fortnight 5 

1 -0.112 2 0.066 3 0.069 4 -0.182 5 -0.042 6 -0.127 7 -0.280 

8 .- 0 .022 9 -0.023 10 0.054 11 0.120 12 0.074 13 0.075 14 -0.080 

15 0.026 (o.d) 

1 -0.112 2 0.066 3 0.069 4 -0.182 5 -0.042 6 -0.127 7 -0.280 

8 -0.022 9 -0.023 10 0.054 11 0.120 12 0.074 13 0.075 14 -0.080 

15 0.026 (m.d) 

1 -0.134 2 0.106 3 0.037 4 -0.160 5 -0.113 6 -0.069 7 -0.311 

8 -0.018 9 0.023 10 0.012 11 0.219 12 0.030 13 0.121 14 -0.112 

15 -0.024 (s.d) 

1 -0.144 2 0.105 3 0.036 4 -0.158 5 -0.112 6 -0.061 7 -0.313 

8 -0.001 9 0.015 10 0.012 11 0.225 12 0.025 13 0.117 14 -0.097 

15 -0.025 (c.d) 

Fortnight 10 

1 0.122 2 -0.073 3 -0.238 4. -0.127 5 -0.127 6 0.026 7 0.050 

8 0.176 9 0.077 10 -0.039 11 -0.123 12 -0.068 13 0.033 14 0.164 

15 0.155 (o.d) 

1 0.122 2 -0.073 3 -0.238 4 -0.127 5 -0.127 6 0.026 7 0.050 
8 0.176 9 0.077 10 -0.039 11 -0.123 12 -0.068 13 0.033 14 0.164 

15 0.155 (m.d) 

1 0.079 2 0.061 3 -0.261 4 -0.133 5 -0.104 6 -0.024 7 0.156 
8 0.218 9 0.153 10 0.091 11 -0.207 12 -0.113 13 -0.040 14 0.108 

15 0.139 (s.d) 

1 0.042 2 0.079 3 -0.263 4. -0.156 5 -0.123 6 -0.053 7 0.174 
8 0.181 9 0.151 10 0.076 11 -0.195 12 -0.074 13 -0.070 14 0.078 

15 0.128 (c.d) 
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For-tnight 15 

1 0.432 2 0.046 3 -0.176 4 -0.142 5 -0.091 6 0.143 7 0.213 ... 
8 0.006 9 -0.283 10 -0.067 11 0.008 12 0.046 13 0.189 1 ~ 0.204 

lS 0.112 (o.d) 
"1 0.442 2 0.046 .3 -0.176 4 -0.142 5 -0.091 6 0.143 7 0.213 
8 0.006 9 '-0.283 10 -0.067 11 0.008 12 0.04.6 13 0.189 14. 0.20ll 

15 0.112 (ro.d) 
1 0.351 2 -0.004 3 -0.218 4 -0.170 5 -0.064 6 0.194 7 0.270 
8 0.022 9 -0.276 10 -0.059 11 0.015 12 0.053 13 0.226 III 0.221 

15 0.128 (s.d) . 
1 0.308 2 -0.021 3 -0.229 4 -0.175 5 -0.049 6 0.219 7 0.289 

8 0.029 9 -0.256 10 -0.055 11 0.011 12 0.049 13 0.228 14 0.21ll 

15 0.125 (c.d) 

For-tnight 20 

1 -0.343 2 -0.037 3 -0.051 4. -0.034 5 0.076 6 -0.017 7 -0.029 

8 O. O~, 6 9 0.164 10 -0.059 11 -0.054 12 0.003 13 0.003 III 0.043 

15 -0.108 (o.d) 

1 -0.343 2 -0.037 3 -0.051 4. -0.034 5 0.076 6 -0.017 7 -0.029 

8 0.056 9 0.164 10 -0.059 11 -0.05/1 12 0.003 13 0.003 14 0.043 
f 

15 -0.018 (ro.d) 

1 -0.349 2 0.085 3 -0.034 4 -0.028 5 0.21.5 6 -0.061 7 0.029 
8 0.022 9 0.097 10 -0.024 11 -0.024 12 -0.032 13 0.006 14 0.053 

15 -0.094 (s.d) 

1 -0.332 2 0.133 3 -0.026 4 -0.031 5 0.257 6 -0.067 7 0.037 
8 -0.002 9 0.085 10 -0.020 11 -0.021 12 -0.037 13 0.001 14 0.050 

15 -0.097 (c.d) 

Fortnight 25 

I 1 
-0.057 2 0.052 3 0.102 4. -0.093 5 0.330 6 -0.097 7 -0.099 
-0.101 9 -0.103 10 -0.099 11 -0.095 12 -0.097 13 0.014 III 0.055 

1 8 

t~ 
-0.074 (o.d) 
-0.057 2 0.052 3 0.102 4 -0.093 5 0.330 6 -0.097 7 -0.099 
-0.101 9 -0.103 10 -0.099 11 -0.095 12 -0.097 13 0.014 14 0.055 
-0.074 (ro.d) 

j 1 0.009 2 0.181 3 0.207 4. -0.149 5 0.248 6 -0.155 7 -0.159 
1 

-0.162 9 -0.165 10 -0.151 11 -0.1.39 12 -0.142 13 0.061 14 0.107 l~ -0.067 (s.d) 
'1 

-0.014 2 0.151 3 0.186 4. -0.140 5 0.278 6 -0.146 7 -0.149 :11 
'i 8 -0.152 9 -0.155 10 -0.142 11 -0.131 12 -0.134 13 0.055 14 0.107 
t5 -0.078 (c.d) 
\j 
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~ortnight 26 
1 -0.085 2 -0.121 3 -0.127 4 -0.019 5 0.111 6 -0.017 7 -0.113 

8 0.507 9 -0.119 10 -0.122 11 .- 0 . O'l 4. 12 0.007 13 0.108 14 -0.013 

,5 -0.091 (o.d) 

r '·0.085 2 -0.121 3 -0.127 4 '-0.019 5 0.111 6 -0.017 7 -0.113 

8 0.507 9 --0.119 10 -0.122 11 -0.074 12 0.007 13 0.108 14 -0.013 

5 -0.091 (m.d) 
1 -0.079 2 -0.139 3 -0.190 4 0.053 5 0.089 6 0.052 7 -0.154 

8 0.422 ·9 -0.163 10 -0.167 11 -0.074 12 0.032 13 0.112' 14 0.050 

5 -0.107 (s.d) 
1 -0.054 2 -0.195 3 -0.133 4 0.051 5 0.134 6 -0.060 7 -0.111 

8 0.479 9 -0.117 10 -0.120 11 -0.077 12 0.040 13 0.141 14 -0.066 

5 -0.093 

.d - original data. 

.d - modular data. 

.d - squareroot data. 

.d - cuberoo t data. 

Table A - 6 Serial correlation co e f f i c i en ts 0 f different months 
for original and transformed data 

onth 1 '. 

1 0.353 2 0.042 3 -0.184 4 -0.089 5 0.010 6 -0.108 7 -0.151 

8 -0.133 9 -0.027 10 -0.011 11 -0.139 12 -0.161 13 0.034 14 0.005 

5 0.003 (o.d) 

1 0.353 2 0.042 3 -0.184 11 -0.089 5 0.010 6 -0.108 7 -0.151 

:3 -0.133 9 -0.027 10 -0.011 11 -0.139 12 - 0,. 161 13 0.034 14 0.005 

5 0.003 (m.d) 
0.301 5 0.001 3 -0.226 4 0.015 5 0.078 6 -0.017 7 -0.217 

1 
3 -0.148 9 -0.023 10 -0.013 11 -0.191 12 -0.202 13 -0.010 14 0.042 

) 0.022 (s.d) 

L 0.300 2 0.022 3 -0.221 4 -0.034 5 0.040 6 -0.033 7 -0.205 

3 -0.128 9 -0.031 10 0.004 11 -0.162 12 -0.180 13 0.016 14 0.033 

) 0.013 (c.d) 

)nth 5 
0.115 2 -0.065 3 -0.212 4 0.047 5 -0.174 6 -0.072 7 0.082 

0.148 9 0.132 10 -0.063 11 -0.073 12 -0.047 13 0.055 14 0.036 
0.177 (o.d) 
0.115 2 -0.065 3 -0.212 4 0.047 5 -0.174 6 -0.072 7 0.082 
0.148 9 0.132 10 -0.063 11 -0.073 12 -0.047 13 0.055 14 0.036 
0.177 (m.d) 
0.104 2 -0.018 3 -0.235 4 0.036 5 -0.088 6 -0.121 7 0.105 
0.155 9 0.127 10 0.038 11 -0.103 12 -0.148 13 -0.077 14 0.007 
0.206 (s.d) 

1 0.066 2 0.048 3 -0.253 4. 0.057 5 -0.081 6 -0.117 7 0.070 

3 0.140 9 0.118 10 0.025 11 -0.110 12 -0.152 13 -0.088 14 0.011 

5 0.193 (c.d) 
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Fortnight 26 
1 -0.085 2 -0.121 3 -0.127 11 -0.019 5 0.111 6 -0.017 7 -0.113 

8 0.507 9 -0.119 10 -0.122 11 '-0.074 12 0.007 13 0.108 14 -0.013 

15 -0.091 (o.d) 
'-0.019 

:l. '-0.085 2 --0.121 3 -0.127 4 5 0.111 6 -0.017 7 -0.113 

8 0.507 9 -0.119 10 -0.122 11 -0.074 12 0.007 13 0.108 14 -0.013 

15 -0.091 (m.d) 
4 0.053 5 

1 -0.079 2 -0.139 3 -0.190 0.089 6 0.052 7 -0.154 

8 0.422 ·9 -0.163 10 -0.167 11 -0.074 12 0.032 13 0.112" 14 0.050 

15 -0.107 (s.d) 
-0.133 4 0.051 5 0.134 6 

1 -0.054 2 -0.195 3 -0.060 7 -0.111 

0.479 9 -0.117 10 -0.120 11 -0.077 12 0.040 13 0.141 14 -0.066 
8 

15 -0.093 

o.d - original data. 

m.d - modular data. 

s.d - squareroot data. 

c.d cuberoot data. 

6 Serial correlation coef f lclents of different months 
Table A - and transformed data 

for original 

\., 

Month 1 4 -0.089 5 0.010 3 -0.184 6 -0.108 7 -0.151 
1 0.353 2 0.042 

-0.011 11 -0.139 12 -0.161 13 0.034 
-0.027 10 14 0.005 

8 -0.133 9 

15 0.003 (o.d) 
3 -0.184. 4 -0.089 5 0.010 6 -0.108 7 -0.151 

1 0.353 2 0.042 
-0.011 11 -0.139 12 -0,.161 13 0.034 14 

-0.027 10 0.005 
8 -0.133 9 

15 0.003 (m.d) 
3 -0.226 4 0.015 5 0.078 6 -0.017 7 -0.217 

1 0.301 5 0.001 
-0.013 11 -0.191 12 -0.202 13 -0.010 14 

-0.023 10 0.042 
8 -0.148 9 

15 0.022 (s.d) 
3 -0.221 4 -0.034 5 0.040 6 -0.033 7 -0.205 

1 0.300 2 0.022 
0.004 11 -0.162 12 -0.180 13 0.016 14 

-0.031 10 0.033 
8 -0.128 9 

15 0.013 (c. d ) 

Month 5 -0.065 3 -0.212 4 0.047 5 -0.174 6 -0.072 7 0.082 
1 0.115 2 -0.063 11 -0.073 12 -0.047 13 0.055 14 0.036 

0.132 10 
8 0.148 9 

15 0.177 (o.d) 
3 -0.212 4 0.047 5 -0.174 6 -0.072 7 0.082 

1 0.115 2 -0.065 
10 -0.063 11 -0.073 12 -0.047 13 0.055 14 0.036 

8 0.148 9 0.132 

15 0.177 (m. d ) 
3 -0.235 4 0.036 5 -0.088 6 -0.121 7 0.105 

1 0.104 2 -0.018 
10 0.038 11 -0.103 12 -0.148 13 -0.077 14 0.007 

8 0.155 9 0.127 

15 0.206 (s.d) 
3 -0.253 4 0.057 5 -0.081 6 -0.117 7 0.070 

1 0.066 2 0.048 
0.025 11 -0.110 12 -0' .152 13 -0.088 14 0.011 0.118 10 

B 0.140 9 

15 0.193 (c. d ) 
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Month 10 
1 -0.250 2 -0.271 3 0.132 4 -0.119 5 0.159 6 0.019 7 -0.046 

8 0.025 9 -0.090 10 -0.060 11 0.110 12 -0.211 13 0.198 14 0.157 

15 -0.225 (o.d) 
1 -0.250 2 -0.271 3 0.132 4 -0.119 5 0.159 6 0.019 7 -0.046 

8 0.025 9 -·0.090 10 -0.060 11 0.110 12 -0.211 13 0.198 14 0.157 

15 -0.225 (m.d) 
1 -0.255 2 -0.249 3 0.141 11 -0.145 5 0.177 6 0.041 7 -0.069 

8 0.018 9 -0.089 10 -0.065 11 0.108 12 -0.234 13 0.205 14 0.154 

15 -0.229 (s.d) 

1 -0.255 2 -0.241 3 0.143 4 -0.151 5 0.180 6 0.046 7 -0.027 

8 0.014 9 -0.090 10 -0.065 11 0.10" 12 -0.241 13 0.208 14 0.154 

15 -0.230 (c.d) 

I'lonth 12 
1 0.028 2 -0.108 3 0.040 4. 0.068 5 -0.059 6 -0.057 7 -0.070 

8 -0 096 9 -0.017 10 -0.020 11 0.011 12 -0.123 13 0.190 J .~ -0.106 

15 0.049 (o.d) 
0.040 4. 0.068 5 

1 0.028 2 -0.108 3 -0.059 6 -0.057 7 -0.070 

8 -0.096 9 -0.017 10 -0.020 11 0.011 12 -0.123 13 0.190 14 -0.106 

15 0.049 (m.d) 
0.001 4 0.011 5 0 .. 022 

l. -0.045 2 -0.167 3 6 -0.104 7 -0.072 

.- 0 . 025 9 -0.073 10 -0.082 11 0.027 12 -0.169 13 0.173 14 -0.149 
8 

15 0.079 (s.d) 
-0.017 4 -0.0089 5 0.052 

-0.032 2 -0.167 3 6 -0.110 7 -0.067 
1 10 -0.086 11 0.018 12 -0.168 13 0.158 
8 -0.018 9 -0.091 14 -0.163 

15 0.078 (c.d) 

o.d - original data. 

m.d - modular data. 

s.d - Squareroot data. 

c.d - cuberoot data. 
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Table A-8 Chi-square values of different fortnights for different 
probability distribution for original and transformed data 

Nor-mal distribution 
~, __ ~_~u __ -----------------------------------------------------------o.d m.d s.d c.d 

fortnight no. 
---------------------------------------------------------------------173.86 173.86 236.05 28.80* 

1 
5' 

407.49 407.49 56.80* 41.33* 
110.06 110.06 169.22 27.36* 
565.16 565.16 314.30 74.96 
123.58 123.58 103.74 29.65* 
510.97 510.97 149.50 123.40 
503.52 503.52 463.07 47.43* 

10 
15 
20 
25 
26 

__ ~ ____ ,...,#v''''-
__________________________ A ____ ~-----A .. --------------____ _ 

Lognormal 2 distribution ___________ A~ _________ A,. __________________ _ 

------------
-------------- 'o.d m.d s.d c.d 
Fortnight no. ______ ttJ_N __ ,..·#v,..,,.., _______ ,.. ,~-----------,...,---------------------- ,..., ---------- 135.97 135.95 1~O.47 22.58* 

1 321.83 321.83 45.51* 33.39* 
5 94.47 94.47 143.73 23.73* 

10 536.00 536.00 300.72 71.92 
15 122.17 122.17 103.25 29.62* 
20 516.36 516.36 150.49 124.13 
25 505.92 505.92 463.83 47.48* 
26 ____ -----------,.'-------------------------------

---------------- , ------ 3 d"stributiOn Loanorma 1 1 _________ ",.., _________ ,.'0'01 _____________ _ 

~ ----------------- . -----______ --.v-- o.d m.d .~.d c.d 

Fortnight no. __ -------------------------_v-------------------
______ --------------- 135.97 135.97 1:~S.91 10.67* 

1 278.43 278.43 47.53* 5.01* 
5 40.65* 40.65* 20.22* 9.01* 

10 109.33 109.33 56.26* 8.84* 
15 149.35 149.35 11.83* 2.88* 
20 287.34 287.34 B1.02 6.39* 
25 246.73 246.73 20.27* 2.12* 
Z 6 _N-N,..,---------,~--,..,-N-----'.J ,,;,,-------------------#V_----"""N 

,..., ___ "',J,.." ...... "'oJ""""'''''''''''''''''' 
m.d - modular data . 
c.d - cuberoot data. . iDinal data. 

o d - or ~ d ta 
s:d - squareroot a . 
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Table A-7 Chi-square values of different weeks for different probabilit: 
distribution for original and trans£~rmed data Y 

Normal distribution 

tJeek no. o.d m.d s.d c.d 

-------------------------------------------------------------------
1 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
52 

184.99 
310.00 
287.72 
142.21 
127.05 
175.98 
218.39 
638.98 
113.69 
175.80 
223.54 
86.79 

184.99 
310.00 
287.72 
142.21 
127.05 
175.98 
218.39 
638.98 
113.69 
175.80 
223.54 
86.79 

28.61* 
145.60 
343.53 
386.17 
133.05 
281.14 
267.96 
574.72 
151. 52 
398.18 

66.06 
43.94* 

36.74* 
16.66* 

243.62 
322.02 

88.73 
101.60 

85.30 
163.74 

52.66* 
173.89 

54.27* 
51.63* 

Lognormal 2 distribution . -------------------------------------------------------------------
o.d m.d s.d c.d 'Week no. 

-------------------------------------------------------------------159.02 
277.19 
235.94 
113.88 

24.70* 
129.81 
280.58 
306.94 
104.86 
238.69 
239.84 
538.81 
145.27 
389.68 

159.02 
277.19 
235.94 
113.88 

99.89 
147.92 
194.07 
598.23 
108.75 
172.70 
215.21 
83.46 

99.89 
147.92 
194.0Z 
598.23 
108.75 
172.70 
215.21 
83.46 

63.57 
42.25* 

32.31* 
14.86* 

198.64 
255.72 

69.62 
86.56 
76.63 

153.70 
50.61* 

169.87 
52.24* 
49.65* 

1 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
52 

--~-------------------------~----------------------------
~~-~~;.;:~ 3 distribution 

g ------------------------------------------------------ ----
-------- o.d m.d s.d c.d 
'Week no. 

--------------------------------------~-----------------
---------- 159.02 159.02 5.14* 1.39* 

1 43.09* 43.09* 16.82* 1.65* 
5 85.18 85.18 84.58 6.62* 

10 172.56 172.56 43.26* ~.05* 
15 85.26 85.26 84.48 6.63* 
20 110.74 110.74 18.67* 5.60* 
25 99.07 99.07 12.89* 3.26* 
30 176.80 176.80 154.10 3.92* 
35 26.82* 26.82* 41.30* 13.21* 
40 236.68 236.68 49.26* 27.45* 
45 32.49* 32.49* 93.50 7.20* 
~~ 12.13* 12.13* 5.61* 2.81* 

m.d - modular data. 
c.d - cuberoot data. 

o.d - original data. 
d Squareroot data. s. 
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Table A-B Chi-square values of different fortnights for different 
probability distribution for original and transformed data 

N0r.roa1 distribution yh ____________________________________________________ --------

Fortnight no. 
________________________ N __________ A __________________ _ 

---------~~--- 173.86 173.86 236.05 28.80* 
5 407.49 407.49 56.80* 41.33* 

110.06 110.06 169.22 27.36* 

o.d m.d s.d c.d 

565.16 565.16 314.30 74.96 
123.58 123.58 103.74 29.65* 
510.97 510.97 149.50 123.40 
503.52 503.52 463.07 47.43* 

10 
15 
20 
25 
26 

____ ,.-.j-,....,~,..I,.o.ii"'V,...,,...,,...,-
______________________ ~ ____ ~-----A~.------------------_ 

a1 2 distribution 
LognoLm ~ __ ~~-,...,-~----~-------,...,-~~"--------------------,....,~~",.,-,..,"'-I,...,,...,~~--,...,,...,,...,,...,- ,..., 
---- o.d m.d D.d c.d 
Fortnight no.. NNIY,...,,...,,...,-roJ-N--,..·,..,,-----,...,---,... ,,------------------

~----- ,..., 
------------------- 135.97 135.95 1~O.47 22.58* 

1 321.83 321.83 45.51* 33.39* 
5 94.47 94.47 143.73 23.73* 

'lO 536.00 536.00 300.72 71.92 
15 122.17 122.17 103.25 29.62* 
"0 ~ 516.36 b16.36 150.49 124.13 
25 505.92 505.92 463.83 47.48* 2 6 __________ ,., __________ ,..~ ____________ '""" __ 

------------------- -----
-------- 3 distribution ' Loonor .. mal ----,...,,...,,...,--,,,..,---------', ..... _-------------e _---,..;--,...,,...,--,...,,..,,,...,,...,,..., . -----________ ,v--- o.d m.d .:I.d c.d 
Fortnight nO.. ___ ,..,,...,IV,..,-,...,,...,f'V--~,..,-"-,..,,..,----,.,--~"""J----------------,..,--

,...,,..,,.,,...,-,..,,..,,,.., 
~~~~~~~,.,"'~,.,,.,,., 135.97 135.97 lY3. 91 10.67 * 

1 278.43 278.43 47.53* 5.01* 
5 40.65* 40.65* ~O.22* 9.01* 

10 109.33 109.33 56.26* 8.84* 
15 149.35 149.35 11.83* 2.88* 
20 287.34 287.34 81.02 6.39* 
25 246.73 246.73 20.27* 2.12* 

. 1 inal data. 
o.d - or g t data. 

d - Squat'er oo 
s . 

m. d - modular ·iata . 
c.d - cuberoot data. 
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Table A-9 Chi-square values of different ~onths for different 
probability distribution of original and transformed data 

Normal distribution 
~---~---------------------------------------------------------------
Month no. 

1 
5 

10 
12 

o.d 

294.42 
748.65 
978.65 
639.02 

m.d 

294.42 
748.65 
978.65 
639.02 

s.d 

289.28 
231.43 
225.45 
560.14 

c.d 

186.04 
107.45 

38.82* 
97.90 

Lognormal 2 distributi~~ _____________ - _____ - ___ -_--__ -_------------- ---------
------------- o.d m.d s.d c.d 
Month no. 
-------------------------------~------------------------------------285.66 285.66 280.22 180.13 

1 
5 

730.67 730.67 226.22 105.11 
968.02 968.02 223.01 38.40* 

10 632.13 632.13 55~.12 96.90 12 ________________________________ _ 

------------------------- ----------1 3 distribution Lognorma __________________________ ~-------------------- __ _ 

------------------ o.d m.d s.d c.d 

Month no. -------~----~---------------------------- --------
______ ------------ 118.10 118.10 10.65 7.85* -

1 405.5 5 405.55 22.76* 5.03* 
5 412.84 412.84 89.44 1.11* 

10 270.01 270.01 19.24* 4.08* 

12 _----------------------------------------------
--------~~-----------

original data. 
~~~ _ Squareroot data. 

m.d - modular data. 
c.d - cuberoot data. 
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Tabl e A--lO Forecasting of weekly cum ulative rainfall by 3,5,7 and 9 
year moving average method of 1966 

Week no. 

Actual Forecast Forecast Forecast Forecast 

--------------------------------------------------------------------
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

84.00 
86.60 
86.60 
86 . .6 0 
86.60 
86.60 

102.40 
102.40 
102.40 
102.40 
102.40 
102.40 
102.40 
102.40 
104.00 
108.60 
108.60 
110.20 
110.20 
110.20 
110.20 
119.60 
119.60 
126.10 
187.70 
282.10 
322.30 
325.20 
403.80 
449.40 
651.50 
748.50 
883.20 
922.90 
929.90 

1048.90 
1078. 40 
1153. 70 
1209. 90 
1212.60 

1. 27 
5.53 
5.53 
5.53 

10.27 
11.40 
11.40 
15.27 
17.07 
18.73 
18.73 
23.17 
35.90 
61.43 
73.50 
75.37 
81.93 
96.40 

113.93 
132.60 
145.3 3 
168.50 
183.57 
196.70 
242.97 
279. 17 
298.37 
423. 03 
534.93 
626. 10 
697. 17 
753. 30 
874. 37 
938. 20 

1020. 13 
1101. 93 
115 4 . 47 
1210. 30 
1282. 20 
13 32 . 57 

1. 05 
3.61 
3.61 
4.37 
7.24 
9.61 
9.71 

12.03 
15.39 
16.39 
28.71 
31,37 
39.01 
54.33 
61.57 
66.85 
79.35 
91.47 

102.54 
113.79 
121.49 
135.46 
155.12 
175.66 

-205.05 
242.65 
258.31 
367.29 
461.10 
538.12 
583.28 
641.00 
722.28 
809.92 
881.06 
952.10 

1063.62 
1114.64 
1175.42 
1212.58 

0.75 
2.58 
3.85 
4.39 
6.44 
8.13 
8.21 
9.87 

12.63 
17.37 
26.17 
28.98 
34.44 
45.38 
50.77 
54.54 
65.35 
74.01 
81.92 
89.95 
99.77 

121.14 
142.30 
165.02 
197.70 
237.55 
281.72 
372.70 
461.19 
535.86 
590.03 
651. 58 
735.44 
815.38 
884.59 
957.25 

1057.44 
1102.01 
1152.76 
1198.35 

0.59 
4.72 
5.70 
6.13 
9.89 

11.27 
11.46 
20.26 
29.30 
39.17 
46.01 
48.19 
52.44 
60.95 
65.14 
68.07 
76.49 
83.73 
89.88 
96.13 

103.76 
120.39 
144.63 
168.15 
194.74 
237.26 
275.98 
366.89 
457.68 
532.92 
579.79 
640.36 
731.81 
802.10 
864.60 
927.89 

1026.81 
1067.43 
1127.54 
1174.82 

contd. 
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---~-~--------------------------------------------------------------r 

41 1212.60 1348.63 1243.42 1241.17 1214.90 

42 1315.80 1385.03 1278.90 1272.43 1244.83 

43 1319.60 1449.73 1322.40 1312.96 1286.00 

44 1319 .. 60 1498.93 1381.00 1362.69 1329.17 

45 1319.60 1498.93 1404.20 1379.41 1342.17 

46 1319.60 1498.93 1404.20 1379.41 1346.04 

47 1320.60 1499. 03 1404.26 1379.45 1346.07 

48 1418.90 1499.03 1404.26 1379.45 1350.11 

49 1418.90 1499. 03 1404.26 1379.45 1350.11 

50 1418.90 1499. 03 1404.26 1381.52 1351.71 

51 1418.90 1499.03 1404.26 1381.52 1351.71 

52 1418.90 1501. 43 1405.70 1382.55 1352.51 

) , 
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Table A-11 Fo~ecasting of total yea~ly ~ainfall by 3,5,7 and 9 yea~ 
moving ave~age method fo~ the yea~ 1953 - 1991 

Year 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Actual 

1339.93 
1612.11 
1836. 42 
1934.71 

996.19 
1498. 61 
1490. 07 
1159. 26 
1106. 09 
1418. 10 
1679. 90 
1597.30 
1227.10 
1418. 90 
1384.00 
1921. 20 
1335. 10 
1608. 33 
1512. 00 
1299. 10 
1712. 80 
1273. 60 
1396. 40 
1292. 90 
1719. 70 
1070. 70 
1587. 61 
1805. 80 
1333. 00 
1558. 90 
1756. 00 
152 6 . 30 
1727. 60 
1941. 10 
112 5 . 10 
13 94 . 50 
12 64 . 00 
2052. 50 
141 1 . 70 

Forcasted ~ainfall 
------------------------------------- --------

3 

1451.93 
1395.71 
1451.00 
1596.15 
1794. 41 
1589.11 
1476.50 
1328.29 
1382.65 
1251.81 
1227. 82 
1401.36 
1565. 10 
1501.43 
1414. 43 
1343. 33 
1574. 70 
1546. 77 
1621. 54 
1485. 14 
1473.14 
1507. 97 
1428. 50 
1460. 93 
1320. 97 
1469. 6'1 
1361. 10 
145 9 . 34 
1488 . 04 
1575. 47 
1565. 90 
1549. 30 
1613. 73 
1669. 97 
1731:6 7 
1597. 93 
1486. 90 
1261. 20 
157 0 . 33 

5 

1451.93 
1395.71 
1461.57 
1527.13 
1624.83 
1543.87 
1575.61 
1551.20 
1415.77 
1250.04 
1334.43 
1370.68 
1392.13 
1405.70 
1468.26 
1461.44 
1509.70 
1457.26 
1533.51 
1552.13 
1535.15 
1493.47 
1481.17 
1438.78 
1394.96 
1479.08 
1350.66 
1413.46 
1495.34 
1503.36 
1471.20 
1608.26 
1596.00 
1580.36 
1701.98 
1615.22 
1542.92 
1490. 46 
1555. 44 

7 

1451.93 
1395.71 
(1461.57 
1527.13 
1582.71 
1509.51 
1516.99 
1529.72 
1503.91 
1431.62 
1371.86 
1335.46 
1421.33 
1382.55 
1372.:38 
1404.48 
1520.93 
'1509.07 
1498.85 
1486.66 
1496.95 
1538.93 
1523.16 
1448.19 
1442.16 
1458.07 
1395.03 
1436.24 
1449.53 
1458.02 
1481.23 
1547.39 
1519.76 
1613.60 
1664.10 
1566.86 
1575.64 
1533.51 
1575.87 

9 

1451.93 
1395.71 
1461.57 
1527.13 
1582.71 
1509.51 
1508.20 
1506.14 
1474.24 
1441.49 
1450.17 
1457.71 
1431.14 
1352.51 
1399.48 
1386.75 
1434.65 
1454.19 
1509.99 
1520.43 
1478.11 
1490.95 
1496.11 
1493.61 
1483.49 
1461.10 
1431.73 
1429.42 
1462.02 
1465.83 
1448.73 
1502.33 
1516.77 
1565.07 
1589.67 
1595.71 
1574.26 
1514.06 
1594.00 
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~~e h-~2 ro~ecastin~ of veekly cum. ulative rainfall by ~.~.1 and 9 
'.i ear 11\.CV i.n.~ av e~a~e m.ethcd. for the ~_ear 1..991. 

-~------------ .. ------------------------------------------------------
--eek no_ 

~ ... -~----~-~----~-----------------------------~--- --I - -----------------. 1 16.88 10.10 8.76' 6.81 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

18.73 
20.30 
20.30 
20.30 
20.30 
25.70 
40.13 
40.13 
65.83 
91.20 
91.20 
93.47 

108.10 
126.70 
126.70 
128.03 
147.33 
147.77 
174.53 
201.70 
240.83 
287.77 
309.83 
391.20 
419.47 
440.27 
497.80 
583.83 
659.90 
761.77 
792.37 
928.33 

1001.77 
1151.83 
1187.07 
1237.53 
1271.S7 
1351.30 
1356.37 
1422.80 
1461.00 
1464.87 
1465.90 
1570.47 

12.36 
13.30 
13.30 
13.30 
13.30 
18.26 
27.76 
28.84 
47.60' 
63.62 
64.06 
6S.42 
74.20 
86.70 
86.70 
88.50 

107.60 
111.90 
135.88 
160.58 
184.06 
236.54 
273.26 
324.68 
365 .. 36 
382.08 
424.28 
523.46 
604.14 
709.94 
749.26 
844.80 
917.22 

1024.46 
10S4.74 
1109.86 
1158.88 
1226.48 
1238.24 
1302.26 
1332.48 
1359.4'1 
1360.06 
1430.00 

10.37 
15.76 
15.76 
15.76 
16.47 
28.37 
35.51 
37.26 
SO.66 
62.10 
64.30 l 

65.27 
71.54 
80.47 
80.47 
89.09 

105.56 
108.74 
135.99 
155.54 
173.69 
215.97 
247.06 
302.16 
363.61 
385.61 
441.54 
561.27 
649.07 
743.79 
816.19 
902.03 
986.33 

1073.70 
1101.51 
1165.00 
1219.,43 
1299.34 
1323.76 
1403.77 
1439.19 
1468.39 
1468.33 
1529.44 

8.07 
12.26 
12.26 
12.26 
15.94 
30.19 
45.33 
46.69 
57.11 
66.01 
69.01 
69 .77 
74.64 
85.17 
85.17 
97.53 

110.52 
114.56 
139.32 
154.33 
172.93 
206.60 
241.60 
301.17 
355.23 
380.26 
438.27 
538.52 
64S.70 
735.90 
818.06 
907.11 

1009.48 
1110.S4 
1153.97 
1219.26 
1277.86 
1346.90 
1369.62 
1445.19 
1477.04 
1504.13 
1506.70 
1553.84 

contd. 
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W6ek no. 5yr 7yr 9yr 

.. ~--~~----------------------------------------------------------------
46 
47 
48 
49 
50 
51 
52 

1575.57 
1576.07 
1576.07 
1576.07 
1576.07 
1576.07 
1576.07 

1433.14 
1448.20 
1448.88 
1448.88 
1448.88 
1449.56 
1449.56 

1546.46 1567.08 
1557.21 1575.44 
1557.70 1576.24 
1557.70 1576.24 
1557.70 1576.24 
1559.24 1577.44 
1559.50 1577.44 

Table A-13 Forecasting of weekly cum .ulative rainfall by exponential 
smoothing technique for the year 1966 

y----------------------------------------------------------------------
Week.no Actual Forecasted tJeek no. Actual forecasted 

y----------------------------------------------------------------------
1 84.00 0.10 27 322.30 337.69 

2 86.60 0.79 28 325.20 454.09 
3 86.60 0.95 29 403.80 559.85 

4 86.60 1. 56 30 449.40 654.96 

5 86.60 2.34 31 651.50 718.28 

6 86.60 4.79 32 748.50 782.75 

7 102.40 4.85 33 883.20 886.44 

8 102.40 11.89 34 922.90 922.33 

9 102.40 18.69 35 929.20 1004.39 

10 102.40 23.77 36 1048.90 1099.30 

11 102.40 28.72 37 1078.40 1163.08 
31.41 . 38 1153.70 12 102.40 1195.17 

13 102.40 35.20 39 1209.90 1283.15 

14 102.40 41.79 40 1212.60 1310.27 

15 104.00 51.48 41 1212.60 1333.59 

16 108.60 85.87 42 1315.80 1337.97 

17 108.60 85.87 43 1319.60 1406.00 

18 110.20 88.18 44 1319.60 1437.89 

19 110.20 112.89 45 1319.60 1437.89 

20 110.20 126.06 46 1319.60 1437.89 

21 110.20 134.39 47 1320.60 1437.89 

22 119.60 152.75 48 1418.90 1437.89 

23 119.60 178.32 49 1418.90 1437.89 

24 126.10 203.44 50 1418.90 1437.89 

25 187.70 238.42 51 1418.90 1437.89 

26 282.10 284.31 52 1418.90 1437.89 



152 

Table A -14 Forecasting of total yearly rainfall by exponential 
smoothing method for the year 1952"- 1991 

Year 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 

Actual 

1400.97 
1339.93 
1612.11 
1836.42 
1934.71 

996.19 
1498.61 
1490.07 
1159.26 
1106.09 
1418.10 
1679.90 
1597.30 
1227.10 
1418.90 
1384.00 
1921.20 
1335.10 
1608.33 
1512.00 

Forecast 

1041.29 
1487.69 
1615.35 
1827.91 
2048.52 
2182.15 
1529.09 
1554.27 
1551.23 
1303.87 
1145.53 
1300.21 
1567.34 
1631.87 
1387.28 
1404.43 
1388.20 
1767.80 
1521.17 
1592.76 

Year 

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Actual 

1299.10 
1712.80 
1273.60 
1396.40 
1292.90 
1719.70 
1070.70 
1587.61 
1805.80 
1333.00 
1558.90 
1756.00 
1526.30 
1727.60 
1941.10 
1125.10 
1394.50 
1264.00 
2052.50 
1411.70 

! 

Forecast 

1554.74 
1380.34 
1596.25 
1383.56 
1370.61 
1294.13 
1569.94 
1235.04 
1448.74 
1711.37 
1490.76 
1542.60 
1707.86 
1616.41 
1712.20 
1907.16 
1403.89 
1355.59 
1246.89 
1772.30 
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Table A--15 Forecasting of weekly curnrnulativ~ rainfall by exponential 
srnooting technique for the year 1992 

• ________________________________ ft. __________________________________ _ 

Week no. Forecasted 
rainfall 

Weok n.o. Forecasted 
rainfall 

.-----------------------------------~--------------------------------
1 2.72 27 422.03 

2 4.45 28 472.56 

3 5.27 29 572.42 

4 6.02 30 666.97 

5 6.95 31 780.61 

6 15.23 32 834..58 

7 22.15 33 937.03 

8 36.14 34 992.4.5 

9 43.16 35 1031.63 

10 55.39 36 1050.42 

11 60.88 37 1131.09 

12 71.79 38 1150.31 

13 76.43 39 1200.09 

14 84.73 40 1233.31 

15 96.59 41 1313.72 

16 116.65 42 1314.66 

17 116.65 43 1394.54 

18 128.15 44 1394.54 

19 133.78 45 1426.85 

20 163.87 46 1432.77 

21 184.23 47 1433.86 

205.97 48 1455.72 
22 

257.50 49 1461.25 
23 

283.45 50 1463.93 
24 

351.57 51 1463.9.3 
25 408.84 52 1463.93 
26 
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APPENDIX-B 

able B-1 Onset & ~ithd~a~al of effective monsoon &~occu~~ence of 
Critical d~y spells 

***************************************************************************~ 

yea~ 

EffectIve monsoon 
-------------
onsets 

on 

ends 
on 

C R I TIC A L DRY S PEL L S (cds*) 
-----------------------------------------------

date & 
length 

of 1st cds 

date & 
length 

of 2nd cds 

date & 
length 

of 3~d cds 

total 
no. 

of cds 

***********_***************************************************************1 

1950 
1951 
1952 
1953 
1954 
1955 !' 956 

957 
1958 
~959 

t960 
:1 961 

t, 962 
,963 
1964 
h65 
i,'. 966 
~967 
11968 
~9 6 9 

~,'.,·~'970 
~971 
~19 7 2 

~'\9 73 
~i9 7 4 
F\975 
~l9 7 6 

•~".i, •. : ... ,.""f, 7 7 
tl: 78 
~". 7 9 
~;\ BO 
ri~B1 
~i~B2 

r;~! 
~i~ B 5 
ti~8 6 

06Jun 
29Jun 
22Jun 
13Jun 
OBJun 
21l.JU!:I 
26l'1a.y 
05.]un 
09Jly 
28May 
18Jun 
01Aug 
06Jly 
12Jun 
26Jun 
20Jun 
16Jun 
20Jun 
08Jun 
14Jly 
01J1.ln 
04JufI 
27J1J.!l 
03Jly 
12JUfJ 
25Jun 
17Jun 
03May 
06Jly 
06Jly 
17Jun 
16Jun 
12Jun 
20Jun 
14J1.1n 
22Jun 
12Jun 

17Nov 
27Nov 
110ct 
15Nov 
250ct 
09Nov 
02Nov 
170ct 
220ct 
300ct 
100ct 
140ct 
310ct 
270ct 
260ct 
240ct 
23Nov 
060ct 
15Nov 
13Nov 
070ct 
310ct 
120ct 
10Dec 
290ct 
310ct 
28Nov 
27Nov 
220ct 
190ct 
260ct 
030ct 
150ct 
070ct 
240ct 
170ct 
10Nov 

16Aug 8 
14Aug 9 
09Jly 6 
20Jun 19 
15Jun 7 
18Jly 20 
08Jly 10 
12Jun 15 
17Jly 6 
04Jun 6 
17Jly 6 
08Aug 7 
28Jly 27 
19Jun 12 
17Aug 6 
27Jun 6 
02Jly 10 
12Jl.y 9 
15Jun 7 
20Aug 9 
IlJun 5 
23Jun 7 
26Jly 7 
29Aug 7 
24Jly 15 
02Jly 11 
28Jun 5 
10!'lay 30 
13Jly 6 
21Jly 7 
06Aug 14 
23Jun 13 
19Jun 27 
27Jun 6 
21Jun 9 
20Jly 9 
21Aug 18 

03Sep 6 
31Aug 22 
25Jly 5 
21Jly 5 
17Jly 12 
11Sep 7 
30Sep 5 
05Jly 14 
24Jly 11 
17Jun·11 
13Aug 8 
09Sep 12 
25Aug 15 
12Aug 5 
30Aug 15 
20Jly 7 
18Aug 15 
02Sep 7 
DBJly 10 
31Aug 5 
17Jun 10 
07Jly 5 
30Aug 8 
13Sep 8 
15Aug 13 
29Jly 6 
27Jly I 5 
17Jun 5 
26Jly 14 
09Aug 11 
28Aug 7 
14Jly 17 
29Aug 6 
07Sep 9 
18Sep 35 
24Sep 6 
15Sep 7 

25Sep 
120ct 
31Jly 
25Aug 
21Aug 
310ct 
190ct 
26Jly 
10Aug 
23Sep 
31Aug 
22Sep 
20Sep 
13Sep 
010ct 
29Jly 
13Sep 
16Sep 
D6Aug 
22Sep 
14Jly 
06Sep 
30Sep 
020ct 
29Aug 
20Aug 
15Aug 
17Jly 
16Aug 
21Aug 
24Sep 
22Aug 
18Sep 
17Sep 
00 00 
100ct 
080ct 

8 4 
45 3 
10 5 
11 6 

7 5 
8 3 

1: 3 
5 5 

13 7 
7 4 
6 5 
5 4 

33 3 
13 4 
IB 3 
16 6 

9 5 
10 4 

5 9 
7 5 
6 7 

10 5 
5 3 
9 5 

11 5 
6 6 

10 5 
8 5 
6 6 
6 5 

25 3 
8 6 

26 3 
5 3 
o 2 
5 3 

25 3 

contd. 
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***************************************************************************** 

year-

Effective monsoon 
----_.------------
onsets 

on 
ends 

on 

C R I TIC A L D R y~ 

date & 
lenath 

of 1st cds 

date & 
length 

of 2nd cds 

S PEL L S (cds*) 

date & 
length 

of 3rd cds 

total 
no. 

of cds 

***************************************************************************** 

1987 llJly 20Nov 28Jly 8 06Aug 9 OlSep 10 6 
1988 02Jun 220ct 17Jun 6 28Jun 10 17Aug 18 4 
1989 13Jun 110ct 20Jun 16 07J~y 6 28Jly 9 4 
1990 l1May 05Nov 19May 15 04Jun 9 30Jun 7 7 
1991 02Jun 05Nov 09Ju.n 25 30Jly 6 12Aug 10 5 
***************************************************************************** 
mean 17Jun 290ct 07Jly 11 07Aug 9 02Sep 11 4 
***************************************************************************** 

-- ---

*critical dry spell(cds):when length of spell exeeds 5days 

Table B-2 Detailed information on effective monsoon for- the year- i992 
------

average 
aveeage 
aveeage 

aveeage 
average 
aveeaS e 
aver-age -----

------------------------------------------------------
earliest probable date of oem(p=O.68): 

mean date of oem: 
latest probable date of oem(p=0.68): 

earliest probable date of oem(p=O.50): 
median date of oem: 

latest probable date of oem(p=O.50): 

standard deviation(days): 
semi-inter-quartile range(days): 

31h ... ~y 
17Jun 
04Jly 

08Jun 
16Jun 
25Jun 

17 
9 

average date on which effective monsoon ends: 
average number of cds per year: 

290ct 
3 

date on which 1st cds starts: 07Jly length(days): 

date on which 2nd cds starts: 07Aug length(days): 
which 3rd cds starts: 02Sep length(days): 

date on 

during the 1st wet spell( 17Junto 06Jly) : 
rain 

dueing the 2nd wet spell( 20Jly to 06Aug): 
eain 

during the 3rd wet spell( 18Aug to 2 6Aug) : 
eain 

dueing the 4th wet spell( 14Sep to 255ep): 
r-ain 

11 
9 

11 

317.07(mm: 
264.28(mm: 
211.89(mm: 
143.41(mm: 
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Table B-3 weekly observed minlmu1l1,maximum & normal rainfall 
and the probability of the weekly normal rainfall 

-------------------------------------------------
week minimum maximum normal probability 

(mm) (mm) (mm) (%) 
-------------------------------------------------

1 0.0 84.0 4.1 9.52 
2 0.0 33.1 2.9 16.67 
3 0.0 33.0 1.1 7 .14 
4 O. 0 31.8 1.3 9.52 
5 o. 0 19.6 1.6 14.29 
6 o . 0 42.6 4.3 23.81 
7 o . 0 42.4 5.7 26.19 
8 0.0 67.6 7 . 7 21.43 
9 0.0 69.0 10.8 21.43 

10 o . 0 60.2 4.9 21.43 
11 o . 0 48.6 5.4 21.43 
12 0.0 44.4 6.4 26.19 
13 0.0 88.8 6.6 19.05 
14 0.0 77.9 5.0 21.43 
15 0.0 36.2 2.9 21.43 
16 0.0 58.8 7 . 2 21.43 
17 0.0 56.9 7.7 23.81 
18 o . 0 62.4 12.1 28.57 
19 0.0 68.5 9.5 30.95 
20 0.0 53.9 10.6 33.33 
21 0.0 94.2 15.0 28.57 
22 0.0 128.0 20.7 30.95 
23 0.0 163.8 32.5 35.71 
24 0.0 200.4 44.0 40.4'. 
25 o .0 • 340.3 61.8 35.71 
26 0.0 153.9 53.7 45.24 
27 1.3 234.2 62.9 42.86 

28 1.8 296.2 75.9 38.10 

29 o . 195.2 73.7 47.62 

30 0.2 212.0 71. 4 45.24 

31 7 . 7 288.5 87.9 47.62 

32 0.2 281.3 87.9 47.62 

33 o . 221.4 78.4 47.62 

34 2.4 205.5 70.4 45.24 

35 3.6 160.0 70.2 45.24 

36 2.0 272.2 72.5 47.62 

37 2. 6 230.5 63.3 45.24 

38 0.0 209.6 57.0 38.10 

39 0.0 246.2 52.6 35.71 

contd. 
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~eek 
-. • maximum nor-mal pr-obability ml.nl.mum 

(mm) (mm) (mm) (% ) 

------------------------------------------------
40 0.0 179 . 4. 60.9 40.48 
41 0.0 150.4 38.7 42.86 
42 0.0 152.9 29.8 40.48 
43 0.0 311.4 30.6 19.05 
44 0.0 254.6 29.2 21.4.3 
45 0.0 163.3 15.3 21.43 
46 O.D 82.0 4.4 16.67 
47 0.0 99.3 6.9 11.90 
48 0.0 43.2 2.2 9.52 
49 0.0 47.5 2.0 9.52 
50 0.0 21.8 1.3 11.90 
51 0·0 7 . 2 0.2 7.14 
52 0·0 15.2 0.6 4.76 

--------------------------------------------

Table B-4 pr-edlcted month~y r-ainfall and number- of r-ainy days 
for- the year- 1992 

--------------------------------------------
month r-ainfall t~ainy 

(mm) daY'S 
month r-ainfall 

(mm) 
r-ainy 

days 
------ ----------------------------------------------

. 9.98 317.02 
Jan 22.05 349.74 feb 

30.35 261.43 mar-
26.31 176.75 

apr- 54.52 41.19 

15.0 
15.9 
12.7 

7 . 7 
1.7 may 

jun 198.29 ________________________ ~~~~ ____ n~~ __ 
------

-:--:~-r-ainy days: 72.19 Anual rainfall(mm): 1491.87 N . ______________________________________ _ 
-----------
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1: a.t> 1. e C. - 1. 'r"CC)~abi.lit¥ of different dry ~nd wet spells 
, , 

-----------------------------------------------------~------------------
Week F F P P 2d 3d F F P P 2w 3w 

no. (d) (dd) (d) (dd) (w) (ww) (w) (ww) 

% % % % % ~ % % 0 

---------------------------------------------------~.--------------------
1 39 38 93 97 88 87 3 1 7 33 2 0 

2 39 37 93 95 91 91 3 1 7 33 0 0 

3 41 40 98 98 98 98 1 0 2 0 0 0 

4 40 40 95 100 95 90 2 0 5 0 0 0 

5 42 42 100 100 95 85 0 0 0 0 0 0 

6 39 37 93 95 83 69 :3 1 7 33 1 0.2 

7 37 33 88 89 73 69 5 1 12 20 2 0 

8 35 29 83 83 79 65 7 1 17 14 0 0 

9 40 38 95 95 79 73 2 0 5 0 1 0.2 

10 35 29 83 83 76 68 7 1 17 14 6 0 

11 36 33 86 92 77 68 6 2 14 33 0 0 

12 38 34 90 89 80 71 4 0 9 0 2 0 

13 37 33 88 89 78 72 5 1 12 20 0 0 

14 38 34 90 89 83 74 4 0 9 0 0 0 

39 36 93 92 93 74 3 0 7 0 0 0 
15 

34 90 89 80 66 4 0 9 0 4 0 
16 38 

83 89 69 61 7 3 . 17 43 0 0 
17 35 31 

86 83 77 58 6 0 14 0 5 0 
18 36 30 

86 89 65 49 6 2 14 33 0 0 
36 32 19 81 76 61 43 8 0 19 0 4 2 

20 34 20 75 54 29 10 2, 24 20 10 
76 

3 

21 32 24 71 36 23 14 6 33 43 11 6 
67 

22 28 20 54 33 15 18 6 43 33 24 16 
52 

23 24 13 64 23 0 20 11 48 55 33 24 
52 

24 22 14 44 0 0 26 18 62 69 45 29 
38 

25 16 7 0 7 1 33 24 79 73 50 38 
21 

26 9 0 33 5 0 27 17 64 63 49 42 
36 

27 15 5 13 0 0 34 26 81 76 70 56 
19 

8 1 0 3 1 38 33 90 87 71 61 
28 9 

4 0 33 4 0 33 26 79 79 68 56 
29 3 21 0 0 36 31 86 86 71 
30 9 14 17 62 

1 0 0 36 30 86 83 77 
31 6 14 0 64 

0 0 0 39 35 93 90 77 
32 6 7 0 62 

3 0 0 2 0.2 36 30 86 83 69 ~2 

33 0 14 
14 2 0.3 35 28 83 80 63 54 

34 6 17 1 11 4 2 33 25 79 76 68 56 
35 7 21 1 37 32 

1 20 5 88 86 72 55 
36 9 12 2 1 34 28 81 82 62 

1 38 
38 

37 5 19 4 1 34 26 81 76 49 31 
3 13 

38 8 19 8 2 28 17 67 61 42 18 
1 21 

39 8 33 
3 

40 14 

contd. 



159 

---------------------------------------------------------~---~--------3-- 31 23 10 5 29 18 69 62 30 9 
41 13 6 45 32 23 16 23 10 55 43 17 6 
4? ~~ 18 48 50 35 30 22 13 52 31 17 6 
43 22 71 73 60 48 12 4 29 33 10 a 
44 ;~ 28 79 85 63 58 9 3 21 33 0 0 
45 28 83 80 76 66 7 0 17 0 0 0 
46 35 36 . 93 92 80 80 3 a 7 0 1 0 
47 39 31 86 86 86 77 6 1 14 17 0 0 
48 36 42 100 100 90 88 0 0 0 0 0 0 
49 42 38 95 90 93 93 2 0 5 0 0 0 
50 40 40 98 98 98 1 a 2 0 0 
51 41 42 100 100' a 0 a a 
52 42 

Table C-2 Forward an 
u. l' f . d backward ac~rnu atlon 0 raLn water 

Year-

75 200 500 300 100 rn F 75 200 rn F 500 300 100 
rn rn 

Ranked Ranked lJeek no. 

Week no. - _-------------------------------------------------__ -H--------- 37 40 1 2.3 1 14 42 97.7 31 34 38 
-------;3 25 35 40 42 2 4.7 8 14 41 93.3 31. 35 39 
1950 17 22 33 39 41 3 6.9 8 17 40 93.0 33 35 39 
1951 17 26 35 0 46 4. 9.3 8 22 39 90.7 33 35 39 
1952 28 38 :3 44 5 11.3 10 22 38 88.4 33 36 40 
1953 i~ 24 38 43 46 6 13.9 10 22 37 86.0 33 36 40 
1954 21 26 41 42 45 7 16.3 10 22 36 83.7 33 36 40 
1955 23 38 4 39 8 18.6 10 23 35 81.4 33 37 40 
1956 22 24 31 ~o 43 9 20.9 11 23 34 79.1 34 37 40 
1957 10 24 38 4 43 10 23.3 11 23 33 76.7 34 37 40 
1958 8 26 36 40 401125.611 233274.434 3740 
1959 22 33 35 42 12 27.9 11 23 31 72.1 34 37 41 
1960 22 26 37 37 44 13 30.2 12 23 30· 69.8 34 37 41 
1961 32 34 37 38 44 14 32.6 12 23 29 67.4 34 37 41 

11 23 37 41 40 15 34.9 14 23 28 65.1 35 37 41 
i:~; 19 22 34 38 43 16 37.2 16 24 27 62.8 35 37 41 
1964 18 24 35 37 43 17 39.5 17 24 26 60.5 35 37 42 
1965 14 26 34 38 40 18 41.9 17 24 25 58.1 35 38 42 
1966 1 26 34 40 44 19 44.2 17 24 24 55.8 35 38 42 

12 26 41 44 42 20 46.5 18 25 23 53.5 35 38 42 
1967 8 25 33 37 41 21 48.8 19 25 22 51.2 35 38 42 
1968 23 27 35 36 43 22 51 . 2 19 25! 21 48.8 ,35 38 42 
1969 10 23 35 40 40 23 53.5 19 25 20 46.5 35 38 43 
1970 25 37 37 
1971 20 29 
1972 26 COhtJ. 
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"i ~ 'l :; 1'1 27 38 42 44 24 55.8 19 25 19 44.2 36 39 43 
19'14 22 26 35 40 43 25 58.1 19 25 18 41. 9 36 39 43 
:1.975 22 25 36 39 43 26 60.5 20 25 17 39.5 36 39 43 
1976 25 26 31 36 43 27 62.8 20 26 16 37.2 36 39 43 
1977 19 23 36 38 45 28 65.1 20 26 15 34.9 36 40 43 
1978 19 25 35 37 42 29 67.4 20 26 14 32.6 37 40 43 
1979 16 22 36 38 41 30 69.8 21 26 13 30.2 37 40 43 
1980 11 23 35 37 39 31 72.1 21 26 12 27.9 37 40 44 
1981 11 14 33 36 40 32 74.4 22 26 11 25.6 37 40 44 
1982 10 23 34 37 40 33 76. " 22 26 10 23.3 37 40 44 
1983 8 17 36 38 41 34 79.1 22 26 9 20.9 38 40 44 
1984 22 25 34 35 38 35 81.4 22 26 8 18.1 38 41 44 
1985 20 26 37 39 42 36 83.7 22 26 7 16.3 38 41 45 

1986 12 22 39 41 46 37 86.0 22 27 6 13.9 38 41 45 

1987 19 27 34 37 45 38 88.4 23 27 5 11.6 38 42 45-
20 24 35 39 41 39 90.7 23 27 4 9.3 39 42 45 1988 

33 35 39 40 93.0 25 28 3 6.9 39 43 46 1989 21 25 
14 39 4·1 45 41 95,3 26 29 2 4.7 41 43 46 1990 10 
23 33 37 42 42 97.7 32 34 1 2.3 41 44 46 

1.991 1 1 
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APPENOIX-O 
Table 0-1 Reference crop evapotranspiration by m<?dified Blaney-Criddle 

method j" YYI rYI / cf 0.. 'Y 

Year: 1960 

5.566 6.077 6.174 6.450 7.262 6.484 7 .724 
7.791 6.663 6.193 6.184 7.897 8.846 9.497 
9.953 10.112 9.894 10.522 10.587 9.562 6.441 
7.588 7.026 8.248 3.914 4.846 3.916 3.922 
5.424 4.122 4.095 3.598 4.207 4.624 4.667 
5.020 4.'683 5.329 4.501 3.860 5.622 5.542 
6.598 4.665 5.368 5.194 3.978 4.117 4.457 
4.851 5.284 5.763 

Year: 1961 

3.527 6.016 5.749 6.674 6.371 4.755 4.294 
7.028 7.763 7.864 8.721 8.068 7.291 7.809 
8.551 9.500 9.552 9.987 6.986 9.675 10.241 
8.026 6.468 5.972 6.968 7.154 3.489 3.527 
4.172 5.904 4.162 3.823 4.256 4.151 4.406 
3.413 5.004 4.778 3.477 5.157 4.845 4.647 
6.393 4.799 5.416 6.442 6.476 6.562 6.245 
5.871 6.029 5.824 

Year: 1962 

4.033 5.980 6.190 5.854 5.759 6.436 6.369 
6.892 7.137 7.377 6.510 8.717 9.007 8.419 

8.050 8.259 7.089 7.66::1 8.482 8.167 10.289 

9.187 6.317 5.512 4.3.43 4.489 6.305 4.779 

4.698 3.570 4.465 4.409 4.351 4.567 4.860 

6.076 3.942 5.184 5.014 5.302 5.509 4.568 

5.312 4.105 6.777 6.507 6.382 6.565 5.960 

5.718 5.984 6.091 

Year: 1963 

5.883 6.372 6.149 6.360 6.947 7.757 
3.424 

8.040 8.060 8.238 7.603 8.341 8.199 
7.720 

8.124 8.300 8.475 7.998 7.955 9.083 
7.806 

7.141 6.523 4.436 7.657 4.292 4.345 
8.790 

4.813 4.628 4.880 3.893 5.173 4.656 
4.081 

4.712 5.315 5.253 4.700 4.959 6.080 
3.794 

4.701 6.309 6.206 6.231 6.234 6.292 
4.136 

6.496 5.666 
6.116 
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Year' : 1964 

2.919 5.512 6.203 5.968 6.530 4.854 6.314 
7.740 7.618 7.182 8.740 8.868 '8.066 8.668 
8.893 9.545 7.776 8.131 8.576 8.686 8.952 
8.208 8.903 9.873 6.817 4.453 4.182 3.754 
5.066 4.734 5.106 6.028 4.425 4.041 3.688 
6.104 4.568 5.250 4.512 4.470 5.124 5.547 
4.824 5.964 5.799 5.298 5.487 6.505 6.508 
6.505 6.244 5.898 

Year: 1965 

5.204 6.255 5.606 5.934 7.110 6.989 6.248 
6.446 7.410 9.124 8.800 7.545 6.780 7.230 
8.500 8.980 10.109 10.217 B.047 10.208 9.499 
8.20t 10.941 8.670 5.950 4.572 5.240 4.166 
4.922 4.269 5.269 5.545 5.297 4.427 5.056 
4.59.3 5.952 3.708 5.906 6.219 5.833 3.453 
6.298 6.563 6.735 6.623 6.141 6.242 5.932 
6.022 6.222 6.280 

Year: 1966 

3.806 5.032 5.920 6.121 6.121 7.038 6.995 
6.715 7.789 7.339 8.086 8.121 8.230 8.189 
8.746 8.070 9.188 8.967 10.580 11.393 9.104 
8.570 9.152 5.735 4.964 3.991 5.504 6.418 

3.755 4.765 4.246 4 . .0 9 4 4.851 5.144 5.799 

4.148 4.584 6.506 6.571 6.476 5.039 5.675 

6.801 6.864 6.643 6.093 3.926 5.342 5.500 

5.429 6.490 6.099 

Year:: 1.967 

2.442 5.636 6.005 6.944 7.140 7.284 4.645 
8.162 8.569 7.029 5.462 6.680 8.962 

8.629 
8.924 7.541 9.598 9.685 9.437 8.833 

9.147 
10.899 7.329 5.977 5.692 4.917 6.110 

10. 030 4.847 3.735 4.235 4.916 3.663 4.438 
6.074 

4.665 4.590 4.422 5.402 5.706 6.696 
4.529 6.690 6.739 6.918 6.414 6.396 5.962 
7. 092 

5.6 68 6.157 
4. 663 
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Year-: 1968 

4.001 6.453 5.561 6.124 6.355 7.003 7.083 
6.033 6.827 6.735 7.888 7.533 9.003 9.238 
8.455 8.815 8.748 9.274 10.628 8 .. 709 9.201 
9.067 7.703 5.214 5.710 5.830 4.388 4.384 
5.788 6.032 4..566 4.945 4.172 4.254. 5.066 
5.511 4.961 4.499 6.021 4.591 4.704 6.728 
6.504 3.922 6.170 4.181 !;.352 5.507 6.027 
6.151 5.861 5.710 

Year-: 1969 

2.858 6.014 6.115 6.020 6.948 6.570 6.685 
7.517 8.226 7.661 7.669 7.336 7.701 8.727 
8.073 9.051 8.310 7.777 7.613 8.159 8.138 
9.041 6.112 7.792 6.295 5.961 4..415 5.396 
4.824 3.719 4.362 4.715 4.255 4.405 6.537 
5.117 3.397 4.798 4.430 5.849 4..858 5.812 
6.11/,1 6.190 5.910 4.362 6.424 5.248 5.975 
5.542 4.299 5.731 

Year-: 1970 

2.309 5.762 5.684 5.477 5.888 5.849 5.294. 
6.360 7.036 5.757 5.772 7.521 7.458 7.222 
7.440 8.865 8.173 8.064 9.186 8.713 7.864 
8.540 6.130 4.929 5.647 6.073 4.359 5.379 
:S.137 3.784 4.726 5.328 4.500 5.318 3.706 
3.580 4.268 6.029 4.920 4.637 3.680 5.391 
5.567 6.313 7.021 4.797 6.987 6.493 5.763 
6.303 6.006 6.061 

Year: 1971 

5.638 5.809 6.397 5.232 4.925 6.104. 7.210 
6.440 6.262 7.606 8.391 8.475 7.766 7.157 
7.549 5.709 7.834 8.811 7.172 7.545 8.197 
5.818 4.888 5.303 4.201 5.466 4.585 4.498 
3.589 5.054 3.927 4.194 4.451 4.940 3.774 
4.826 6.349 4.891 4.B:13 5.486 5.476 4.471 
5.973 4.906 6.461 6.125 6.859 6.487 5.737 
5.747 5.464 6.118 

Year: 1972 

5.538 6.279 5.923 6.228 6.630 6.767 5.286 
6.954 8.017 7.478 7.849 8.556 7.959 8.460 
8.166 7.982 9.558 9.460 10.454 10.808 8.7511 
9.460 9.575 8.351 7.979 5.441 4.082 4.347 
4.901 5.233 5.491 4.653 4.692 5.320 3.866 
5.551 4.311 5.175 4.722 5.229 5.848 6.688 
6.868 4.961 6.211 6.745 5.969 6.474 6.738 
6.128 6.094 6.386 
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Year: 1973 

4.326 6.708 7.170 6.94.5 7.022 6.745 7.695 
8.318 7.708 6.391 7.284 8.098 8.763 9.378 
8.737 8.919 9.127 8.555 9.077 8.125 8.739 
8.637 8.335 6.595 8.758 6.886 4.575 3.559 
4.497 5.017 4.277 5.045 4.590 4.219 4.588 
4.066 5.204. 4.655 4.490 3.558 5.448 5.254 
4.252 5.122 6.088 4.843 5.859 6.382 6.093 
5.336 5.753 6.031 

Year: 1974 

3.350 5.982 6.374 6.186 6.406 7.215 6.866 
7.338 8.725 8.631 8.496 8.035 6.569 7.013 
8.539 8.348 8.914 9.869 9.319 8.378 9.163 
8.001 7.744 8.194 7.106 5.877' 6.328 4.200 
5.094 5.349 5.420 6.360 3.707 6.966 5.496 
6.282 4.713 4.566 5.881 4.091 4. 722 5.352 
4.565 5.492 6.483 6.596 4.706 5.854 6.535 
6.324 6.080 6.054. 

Year: 1975 

2.813 5.979 5.849 5.983 6.137 5.484 6.640 
6.078 7.251 8.601 7.237 6.807 7.004 8.710 
8.255 7.895 7.956 9.312 10.149 9.346 8.955 
B.521 8.079 6.111 7.119 6.401 4.539 4.869 
4.585 5.282 4.938 5.528 3.504 3.887 5.043 
4.131 4.526 5.170 5.557 4.256 5.035 4.376 
5.630 5.307 5.716 4.645 6.726 4.976 5.872 
6.329 6.398 6.081 

Year: 1976 

2.325 6.289 6.066 6.104 6.245 6.243 6.635 
7.651 8.425 8.223 7.922 7.510 8.000 7.957 
8.513 8.162 8.977 8.362 9.040 7 .. 575 8.333 
8.950 10.109 7.504 8.236 7.386 5.368 4.838 
4.560 4.576 5.756 4.556 5-.228 4.822 5.812 
3.784 5.050 5.74.2 6.662 6.531 6.976 7.586 
4.083 7.049 5.904 6.184 6.204 5.473 5.004 
6.286 6.051 5.932 

Year: 1977 

5.780 6.979 5.698 6.542 6.805 7.065 7.516 
7.199 8.473 7.856 1\.354 7.577 7.883 8.161 
6.991 7.699 7.710 7.612 7.198 8.844 8.382 

8.886 7.697 6.856 5.069 4.679 4.038 5.215 
5.828 4.699 3.797 4.910 5.730 4.488 3.542 

371 4.761 6.285 5.253 4.774 6.423 6.559 4. • 
5.414 6.742 6.232 3.557 5.776 6.176 7.062 

6.353 5.974 5.373 
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Year: 1978 

4.384 5.616 6.349 5.755 6.757 5.904 6.504 
6.220 7.389 7.578 6.831 6.228 6.521 6 . 7 ~.~ 1 
8.040 6.951 7.526 8.762 7.904 '7.493 8.103 
9.687 8.651 8.423 5.958 4.098 4.974 3.907 
5.880 5.464 4.829 4.363 4.229 4.548 5.109 
5.756 5.030 4.605 5.156 4.962 5.431 5.333 
5.938 4.606 5.527 6.299 6.890 6.099 5.989 
6.014 6.286 5.248 

Year: 1979 

4.106 6.252 6.025 5.784 6.730 6.132 6.776 
7.603 7.128 8.039 8.496 8.108 7.559 9.346 
8.810 8.031 8.893 8.252 8.357 9.200 10.300 
9.688 9.988 8.812 7.971 5.482 5.640 lJ. • 695 
5.377 6.947 5.224 3.795 5.927 6.341 6.061 
4.874 4.150 6.305 5.652 4.939 6.073 6.758 
6.585 6.357 6.056 6.725 7.049 6.338 6.549 
6.396 5.995 6.534 

Y ea.r:· : 1980 

3.417 5.958 6.235 6.593 7.490' 7.006 6.891 
6.812 8.228 7.865 7 . 260 8.327 8.279 7.799 
8.948 9.155 9.824 9.098 9.473 9.411 9.810 
8.805 7.139 7.171 4.839 3.792 3.695 4.729 
4.783 4.785 4.258 4.305 4.561 5.936 4.476 
4.618 4.061 4.615 4.792 5.770 6.511 6.980 
4.559 6.631 6.830 6.088 6.462 6.751 6.313 
3.564 6.444 6.123 

Year: 1981 

2.356 6.749 5.146 6.404 5.712 6.055 7.066 
7.585 8.065 8.337 7.389 7.093 7.079 6.010 
8.110 8.448 7.166 8.441 6.714 8.270 7.866 
6.786 8.000 8.439 6.959 4.860 5.071 4.234 
4.165 5.054 5.611 4.471 5.158 5.498 5.210 
5.008 4.899 5.324 4.898 5.294 6.902 7.028 
7.065 5.916 6.802 6.758 7.047 7.075 6.816 
4.995 5.355 5.657 

Year: 1982 

6.034 6.023 5.365 4.881 6.130 5.926 6.272 
6.598 5.970 5.695 6.783 7.916 8.146 7.885 
8.321 7.563 8.761 9.277 8.731 9.351 9.980 

6.775 7.138 5.776 6.168 6.440 9.171 4.918 

6.038 4.823 5.066 4.246 3. 9.41 4.157 5.085 

4.582 5.023 6.796 6.331 6.718 6.871 5.069 

6.663 6.757 6.750 6.059 5.932 6.336 6.509 

5.899 6.459 6.355 
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Year: 1983 

5.684 6.275 5.356 5.953 6.441 4.195 6.243 
6.542 6.196 6.533 8.097 6.635 6.914 8.349 
7.433 7.299 7.846 7.902 8.110 7.876 9.324 
8.731 8.896 8.341 6.911 5.936 4.886 6.182 
5.076 4.772 3.762 4..809 4..500 4.897 4.291 
4.354 5.265 5.025 5.270 3.756 4.476 6 .. 19 
6.67.3 6.596 5.941 6.655 5.661 6 .. 803 6.400 
5.955 6.196 5.506 

Year: 1984 

4.264 6.092 5.529 5.728 6.114 5.545 5.721 
6.659 7.665 8.025 8.152 8.681 7.598 8.042 
8.515 9.151 8.015 9.297 9.042 8.802 9.268 
7.329 6.302 4.852 5.823 4..323 4..183 4..765 
4.912 5.241 5.54.5 4..535 4.555 5.826 4.677 
3.710 4..974. 6.346 6.638 6.34.5 5.382 4.485 
5.860 6.508 6.672 6.206 6.671 6.311 5.444 
6.071 6.654 5.381 

Year: 1985 

2.663 5.304 5.199 6.159 6.54.3 6.838 5.578 
6.603 8.131 8.305 8.071 7.179 7.320 8.340 
8.874 8.355 8.411 8.164 8.179 8.068 8.263 
8.34.1 6.296 8.230 6.826 6.956 3.913 4.215 
4.310 5.596 4.650 4.449 6.234 4.382 3.835 
3.334 4.194 4.048 5.296 5.202 4.932 4.707 
5.623 6.624 6.262 . 6.723 6.466 6.972 6.467 
6.160 6.056 6.390 

Year: 1986 
2.8.33 5.843 4.826 5.942 6.843 6.552 6.504 
5.682 7.393 6.913 8.287 8.631 8.811 8.873 
8.138 8.04.3 8.331 7.396 7.682 7.682 6.555 
7.770 9.318 8.872 5.465 3.193 5.150 5.498 
4.992 4.805 4.624 5.164 5.394 4.628 5.889 
5.627 5.057 5.448 4.964 4.993 3.507 5.851 
6.602 6.616 3.898 5.118 6.381 6.224 6.197 
5.632 5.329 5.696 

Year: 1987 

2.307 5.732 5.179 5.724 6.4.75 6.778 6.64.0 
6.642 7.912 6.001 6.389 8.841 8.255 7.273 
8.404 7.766 7.912 6.712 6.588 7.556 9.492 

9.090 7.700 6.654 7.108 7.908 9.268 4.311 

4.60 0 4.238 4.987 4.632 6. 799 5.493 4.021 

5.460 4.865 5.352 4.839 6.036 5.988 5.740 

5.564 6.529 4.255 6.146 3.948 5.702 5.877 

5.023 5.605 6.022 



Year: 1988 

5.366 5.532 5.677 6.249 6.957 7.226 6.523 
6.120 6.660 6.846 7.971 9.176 8.882 8.595 
Q.151 7.092 7.679 8.103 8.964 7.251 6.432 
7 . 711:3 6.202 4.334 6.508 5.375 5.380 4.872 
5.8'78 4.666 4.329 11.011 5.038 5.462 5.352 
4.446 5.478 3.906 I, . 722 5.151 6.590 6.529 
6.742 5.714 6.406 7.077 7.182 5.511 6.391 
5.894 46.452 5.943 

Year: 1989 

4.581 5.805 5.873 6.016 6.783 7.627 7.638 
7.391 7 . 666 7.637 6.620 8.426 8.013 8.809 
9.105 8.419 8.430 8.546 10.255 8.135 6 .e S8 
5.879 6.999 5.884 3.458 5.595 4.383 S.o~9 

5.972 4.410 3.927 4.260 4.856 4.923 4.421 
5.331 3.853 5.267 4.502 5.823 5.232 5.396 
6.204 6.108 6.724 5.639 6.214 6.279 6.082 
5.897 5.799 5.040 

Year~ 1990 

3.796 5.913 6.277 6.474 6.695 6.523 5.845 
4.910 6.277 4.838 5.602 6.847 5.712 6.018 
6.651 6.201 7.246 6.633 5.384 4.893 6.689 
6.732 6.233 5.609 5.037 4.219 3.908 3.644 
4.017 4.691 4.601 5.357 4.921 4.680 4.833 
3.906 4.443 5.500 4.773 4.387 3.798 5.700 
4.990 5.740 3.732 5.797 5.856 5.596 5.543 
5.482 4.332 5.724 

Year: 1991 

3.080 5.192 3.715 4.4.25 6.088 6.143 7.045 
t 

6.478 7.879 6.486 6.576 7.370 7.183 8.470 

7.780 7.749 7.510 8.000 8.183 8.405 8.640 

7.655 6.437 5.531 7.571 5.379 4.303 5.633 

4.107 3.943 4.514 3.986 3.132 3.851 3.645 

3.565 4.859 4.566 4.319 5.097 3.736 4.320 

5.879 3.446 4.055 5.558 4.080 5.772 5.575 

5.148 4.561 4.877 
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Table D-2 Reference crop evapotranspiration by modified Radiation method 
i 1'\ rn~ / d. 0.:'1 

Year: 1960 

Radiation Method 

4.235 4.845 4.884 5.029 5.735 5.410 6.202 
6.156 5.717 5.374 5.1)95 6.682 7.092 7.447 
7.807 8.055 8.042 8.315 8.851 8.009 5.021 
6.313 5.289 6.724 3.258 4.431 3.059 3.287 
4.900 3.444 3.369 3.017 .3.572 4.038 3.934 
4.242 4.094 4.792 3.877 3.003 4.888 4.980 
5.780 3.620 4.302 4.537 3.589 3.797 3.144 
3.803 4.316 4.293 

Year: 1961 

2.980 4.791 4.225 5.214 4.939 3.908 3.652 
6.000 6.505 6.352 7.061 6.446 5.644 6.518 
6.969 7.617 7.882 7.632 6.190 7.949 8.160 
6.216 4.390 4.573 5.718 5.647 2.581 2.744 
3.362 5.620 3.550 3.111 3.720 3.512 3.783 
2.596 4.376 4.333 2.841 4.373 4.117 4.056 
5.705 3.921 4.103 5.163 5.143 5.148 4.761 
4.499 4.753 4.658 

Year: 1962 

3.216 4.725 4.883 4.671 4.569 5.389 4.959 
5.468 5.746 6.321 5.698 7.383 7.332 6.721 

6.296 6.684 6.229 6.679 7.157 6.939 8.758 

7.199 5.171 4.183 3.046 3.786 5.741 4.117 

3.931 2.777 .3.671 3.939 3.728 3.978 4.672 

5.727 3.473 4.503 4.483 4.325 4.444 3.614 

4.436 3.134 5.254 5.147 5.059 5.037 4.241 

4.321 4.448 4.651 

year: 1963 

4.574 4.753 4.886 5.170 5.653 5.999 2.708 
6.252 6.615 6.544 5.979 6.606 6.473 

5.958 
6.755 6.680 6.877 6.615 6.905 7.870 

6.058 
6.196 5.420 3.510 6.789 3.851 3.565 

7.476 
4.082 4.192 4.372 3.329 4.944 4.211 

3. 446 
4.070 4.756 4.562 3.855 4.099 5.129 

3.168 
4.071 5.017 4.895 4.954 4.685 4.765 

3.477 
4.896 4.479 

4.660 

year-: 1964 

4.259 4.749 4.611 5.173 3.993 5.248 
2.207 5.782 7.051 6.915 6.415 6.879 
6 . 131 5.8 80 

6.656 7.376 7.553 7.554 7.845 
7.394 7.789 
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6.900 7.519 7.793 5.419 3.369 3.519 3.113 
4.591 4.035 4.629 5.606 3.991 3.420 2.910 
5.762 3.886 5.049 4.025 3 . 64..9 4.214 4.879 
4.038 5.027 4.673 4.282 4.171 5.114 4.960 
4.819 4.759 4.485 

Year: 1965 

3.893 4.937 4.179 4.446 5.519 5.802 5.249 
5.542 6.240 7.327 7.126 6.111 5.793 6.518 
7.345 7.321 8.129 7.788 6.631 8.358 8.277 
6.655 8.309 6.600 4.427 2.997 4.462 3.600 
4.496 3.596 4.491 4.931 4.772 3.956 4.544 
4.067 5.489 3.197 5.611 5.264 5.113 2.811 
5.460 5.471 5.241 5.118 4.857 4.691 4.306 
4.350 4.649 4.763 

Year: 1966 

2.990 4.032 4.758 4.892 4.698 5.664 5.586 
5.450 6.267 6.160 6.537 6.419 6.623 6.852 
7.216 6.513 8.061 '/ .433 8.690 8.916 8.028 
7.476 7.775 4.095 4.081 3.202 4.748 5.831 
3.110 4.552 3.662 3.440 4.421 4.724 5.262 
3.710 4.053 5.963 6.025 5.632 4.194 4.938 
5.829 5.653 5.106 4.736 2.768 4.104 4.225 
4.114 4.891 4.628 

Year: 1967 

3.771 1.632 4.608 4.908 5.368 5.854 5.722 
6.483 6.453 6.946 5.990 4.481 6.005 7.848 
7.754 7 . 724 6.753 • 7.935 8.325 8.006 7.654 
8.281 ~.233 5.707 5.165 5.241 4.102 5.223 
5.623 4.267 3.061 3.432 4.439 2.855 3.941 
3.948 4.068 3.919 3.856 4.642 4.918 5.805 
6.182 5.569 5.339 5.180 4.913 4.840 4.396 
3.388 4.109 4.577 

Year: 1968 

3.150 5.019 4.593 4.866 5.201 5.796 5.755 
4.875 5.920 5.945 6.662 6.166 7.183 7.639 
7.374 7.332 7.217 7.959 8.480 7.350 8.010 
7.691 6.649 4.117 4.471 5.046 3.675 3.350 
5.048 5.697 3.813 4.324 3.510 3.663 4.283 
4.729 4.411 4.077 5.755 3.875 3.899 5.853 
5.595 2.963 4.759 3.207 4.284 4.517 4.670 

4.732 4.393 4.385 

year' : 1969 

4.830 4.863 4.784 5.469 5.412 5.246 2.162 
6.538 6.480 6.273 5.752 6.559 7.232 5.983 
7 .-441 6.888 6.692 6.939 7.614 7.550 7.164 
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8.105 4.893 6.272 5.040 4.821 3.531 4.428 
4.368 3.289 3.992 3.992 3.660 3.922 6.323 
4.884 2.878 4.547 3.848 4.99.9 4.159 5.151 
5.206 5.063 4.501 3.358 4.946 3.804 4.567 
4.258 3.019 4.363 

Year: 1970 

1.653 4.602 4.437 4.198 4.798 4.960 4.570 
5.147 5.883 5.201 5.377 6.339 6.448 6.491 
6.511 7.733 7.060 7.098 8.057 7.732 7.067 
7.838 5.540 4.086 5.184 5.224 3.641 4.725 
4.518 2.883 4.223 4.876 4.161 5.193 3.185 
2.972 3.753 5.547 4.692 3.969 2.934 4.732 
4.753 4.978 5.390. 3.561 5.280 5.049 4.432 
4.802 4.560 4.568 

Year: 1971 

4.511 4.614 4.900 4..066 4.032 5.134 5.976 
5.256 5.381 6.668 6.882 6.634 6.403 6.242 
6.868 5.205 7.129 7.685 6.400 6.889 7.330 
5.526 3.865 4.279 3.572 4.473 3.785 3.863 
2.835 4.318 3.364 3.646 3.936 4.566 3.091 
4.430 5.620 4.282 4.303 4.880 4.563 3.706 
5.283 4.091 5.082 4.817 5.357 5.069 1l.340 
4 .. 450 4.303 4.615 

Year: 1972 

4.408 4.898 4.547 4.804 5.057 5.649 4.552 
5,750 6.345 6.214 6.527 6.788 6.590 6.763 
7.059 7.033 7.907 7.902 8.538 8.931 7.539 
8.211 7.839 6.501 6.426 4.736 3.253 3.602 
4.229 4.390 4.556 3.977 4.163 4.916 3.078 
4.947 3.678 4.646 4.264 4.338 4.862 5.776 
5.880 3.984 4.695 5.062 4.353 4.945 5.029 
4.507 4.531 4.588 

year: 1973 

4.903 5.367 5.237 5.528 5.534 5.950 3.360 
6.045 5.610 6.325 6.731 7.098 7.371 6.371 
7.386 7.953 7.445 7.909 7.051 8.020 7.298 
6.959 5.362 6.651 5.616 3.911 2.691 7.507 
4.230 3.557 4.716 4.156 3.588 3.861 

3.789 
4.839 4.127 4.052 2.8i4 4.659 4.675 

3.344 
4.212 4.730 3.744 4.538 5.002 4.630 

3.626 4.625 
4.001 4.328 
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Year-: 1974 

2.662 4.773 5.056 4.784 5.096, 5.771 5.837 
5.746 6.716 6.891 7.002 6.463 5. 719 6.443 
6.996 7.290 7.566 8.042 7.918 6.951 7.751 
6.571 6.090 6.705 6.172 4.858 5.664 3.255 
4.283 4.726 4.778 6.088 2.913 6.423 4.839 
5.620 4.041 4.004 5.436 3.129' 3.949 4.816 
3.798 4.793 5.320 5.200 3.532 4.351 4.958 
4.732 4.558 4.808 

Year-: 1975 

2.14'7 4.805 4.665 4.689 4.831 4.520 5.263 
4.904 6.130 6.848 5.917 5.792 6.110 7 . 272 
6.921 6.549 6.897 7.808 8.256 7.809 7.879 
7.420 6.252 4.510 5.885 5.885 3.705 4.084 
3.985 4.587 4.308 5.211 2.699 3.288 4.606 
3.712 3.929 4.690 4.937 3.556 4.368 3.386 
4.996 4.531 4.372 3.481 5.194 3.642 4.503 
4.783 4.752 4.648 

Year-: 1976 

1.657 4.978 4.750 4.811 5. '0 6 0 4.966 5.553 
6.009 6.868 6.887 6.599 6.278 6.470 6.706 
7.059 6.908 7.416 7.401 7.903 6.512 7.650 
7.814 8.221 5.852 (.i.707 6.619 4.362 3.964 
3.822 3.903 5.244 4.141 4.484 4.226 5.633 
3.238 4.660 4.960 S.906 5.581 5.822 6.243 
3.152 5.692 4.446 4 .. 703 4.614 3.900 3.652 
4.633 4.527 4.341 

Year-: 1977 

4.544 5.189 4.361 5.106 5.442 5.778 5.887 
5.747 6.516 6.651 6.974 6.145 6.324 6. ') 8 
6.185 6.951 6.551 6.661 6.728 7.776 7.498 
7.740 6.048 5.824 4.043 4.093 3.398 4.218 
5.328 3.844 2.981 4.589 5.323 4.149 2.908 
3.690 4.300 5.515 4.806 4.042 5.449 5.491 
6.089 4.470 5.133 4.711 2.519 4.367 4.687 
4.798 4.541 4.026 

Yea.r-: 1978 

3.695 4.537 4.905 4.624 5.293 4.972 5.389 
5.190 6.141 6.437 6.072 5.364 5.721 6.049 
6.881 5.959 6.682 '7.530 7.241 6.717 7.091 
8.215 6.612 7.508 5.217 3.101 4.365 3.364 
5.245 4.926 4.145 3.464 3.796 4.227 4.558 
4.972 4.570 4.148 4.598 4.102 4.731 4.599 
5.243 3.699 4.360 4.775 5.283 4.602 4.498 
4.652 4.759 3.864 
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Year: 1979 

3.243 4.846 4.569 4.395 5.067 5.337 5.592 
6.155 5.923 6.786 7.211 6.738 5.957 7.349 
7.309 7.078 7.468 7.442 7.278 8.236 8.312 
7.890 7.992 7.160 6.616 4.444 4.413 3.845 
4.811. 6.387 4.960 2.978 5.122 5.607 5.503 
4.269 3.525 5.786 5.203 4.177 5.209 5.693 
5.696 5.196 4.600 5.1.01 5.227 4.608 4.793 
4.702 4.429 4.842 

Year: 1.980 

2.624 4.741 4.717 4.793 5.747 5.588 5.587 
5.484 6.507 6.428 6.103 6.598 6.566 6.448 
7.257 7.353 8.131 7.427 7.751 7.613 7.971 
7.613 6.104 6.330 3.983 2.886 2.806 3.685 
3.899 4.063 3.683 3.736 3.943 5.563 3.872 
4.087 3.582 3.982 4.240 4.893 5.534 5.679 
3.627 5.481 5.259 4.625 5.032 4.962 4.708 
2.194 4.737 4.447 

Year: 1981 

1.695 5.095 4.069 5.021 4.614 4.992 5.668 
5.840 6.504 6.892 6.020 6.133 6.209 5.585 
6.943 7.201 6.245 7.373 6.052 7.575 7.052 
6.046 6.738 6.983 5.431 3.914 4.615 3.257 
3.068 4.125 5.067 3.930 4.628 4.638 4.598 
4.291 4.457 4.621 4.331 4.394 5.825 5.961 
5.670 4.833 5.178 5.09'/ 5.408 5.350 5.123 
3.476 4.089 4.204 

Year: 1982 

4.585 4.631 4.135 3.966 4.899 4.939 5.008 
5.344 5.097 5.253 5.976 6.547 6.780 6.725 
7.085 6.752 7.264 7.287 7.234 7.739 8.339 
5.662 6.411 4.660 5.029 5.249 7.594 4.2 £. i 

5.343 4.023 4.262 3.416 3.207 3.504 4.472 
3.838 4.413 5.986 5.538 5.358 5.554 4.206 
5.569 5.499 5.013 4.569 4.454 4.689 4.796 
4.257 4.576 4.668 

Year: 1983 

4.493 4.851 4.070 4.456 5.006 3.520 5.166 

5.386 5.271 5.750 6.537 5.720 5.960 6.929 

6.462 6.498 6.928 6.843 7.123 6.996 8.133 

7.460 7.254 6.990 5.732 4.988 4.076 5.719 

4.322 4.031 2.964 4.416 3.729 4.529 3.636 

3.707 4.588 4.439 4.913 3.006 3.687 5.653 
5.406 4.508 5.120 4.250 5.056 4.836 

5.801 
4.528 4.098 

4.574 
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Year: 1984 

3.464 4.763 4.273 4.482 4.851 4.340 4.685 
5.329 6.629 6.590 6.704. 6.675 6.258 6.812 
7.257 7.719 6.840 7.863 7.832 7.932 8.153 
6.272 4..839 4..123 4..737 3.064. 3.530 4..191 
4.218 4.743 5.234 3.918 3.916 5.524 4.120 
3.020 4.674 5.741 6.030 5.34.0 4.598 3.606 
5.063 5.260 5.368 4.549 5.169 5.015 3.953 
4..620 4.926 3.875 

Year: 1985 

1.895 4.080 3.982 4.842 5.205 5.710 4.606 
5.461 6.618 6.604. 6.4.02 6.123 6.368 6.722 
7.621 7.162 7.090 7.234 7.280 7.207 7.514 
7.230 5.250 6.667 5.4.09 6.165 2.918 3.4.32 
3.586 4.906 4.134 3.896 5.692 3.762 2.973 
2.633 3.577 3.449 4.714 4.493 4.184 3.881 
5.423 5.541 4..779 5.131 4.785 5.181 4.824 
4.556 4.294 4..667 

Year: 1986 

2.112 4.740 3.435 4.688 5.298 5.269 5.171 
4.542 6.110 5.936 6.965 6.968 7.040 7.213 
7.110 6.929 6.986 6.703 6.815 6.976 5.945 
6.853 7.831 7.630 4..632 2.443 4.325 4.568 
4.553 4.052 4.040 4.710 5.070 3.829 5.239 
4.771 4.169 4.840 4.285 4.418 2.737 5.122 
5.665 5.611 2.949 3.908 4.931 4.815 4.613 
4.189 3.911 4..300 

Year: 1987 

1.649 4.542 3.992 4.577 5.273 5.551 5.424 
5.499 6.365 5.365 5.57.4 7.040 6.639 6.378 
6.990 6.513 6.776 6.003 6.138 6.587 7.673 
7.588 6.483 5.826 5.759 6.628 7.884 3.418 
3.759 3.499 4.206 3.949 6.444 5.020 3.239 
4.826 4.224 4.659 4.095 4.944 5.051 4..771 
4.852 5.463 3.088 4..724 2.945 4.346 4.637 

3.627 4.253 4.602 

Year: 1988 

4.294 4.330 4.333 4.584 5.399 5.733 5.098 

4.810 5.468 5.611 6.744 7.384 6.978 7.125 
6.129 6.589 7.365 7.672 6.4.36 5.681 

7.191 
5.359 3.405 5.724 4.638 4.575 4.157 

751 3.744 3.436 4.475 6. 3.853 5.147 4.845 
5. 395 

5.075 3.235 5.317 4.448 5.835 5.629 
3.813 

4.481 4.836 5.422 5.480 3.797 4.670 
5. 739 4.769 4.477 
4.193 
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Year: 1989 

3.704 4.559 4.735 4.683 5.324 5.934 5.760 
5.876 6.127 6.265 5.641 6.507 6.534 7.321 
7.301 7.059 6.821 6.988 8.286 7 . 275 5.534 
5.277 5.858 4.803 2.552 5.033 3.571 5.159 
5.375 3.820 3.090 3.531 4.451 4.648 3.973 
4.714 3.283 4.679 3.893 4.879 4.346 4.450 
5.378 4.955 5.138 4.103 4.444 4.739 4.577 
4.457 4.431 3.780 

Year: 1990 

3.012 4.576 4.827 4.928 5.172 5.202 4.593 
4.166 5.247 4.394 5.246 6.065 5.044 5.639 
6.373 5.602 6.347 6.026 4.793 4.396 6.114 
6.081 5.285 4.806 4.446 3.401 3.100 2.800 
3.155 4.071 3.717 5.027 4.430 4.228 4.242 
3.123 3.812 4.933 4.255 3.671 2.983 4.887 
3.963 4.623 2.560 4.549 4.573 4.099 4.006 
4.130 3.079 4.377 

Year: 1991 

2.377 4.340 2.844 3.453 4.757 5.004 5.592 
5.216 6.260 5.568 5.906 6.160 6.161 6.943 

6.540 6.742 6.406 6.606 6.745 7.039 7 . 129 

6.468 5.481 4.702 6.219 4.352 3.363 4.967 

3.244 3.160 4.104 3.340 2.538 3.148 2.858 

2.823 4.308 3.966 3.839 4.238 3.039 3.452 

4.946 2.504 2.920 4.381 2.890 4.411 4.078 

3.908 3.315 3.771 
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Table D-3 Reference crop evaportanspiration by modified Penman method ;1'1 mtfl/d. 
Year: 1960 

4.170 4.188 4.327 4.411 4.906 4.863 5.458 
5.903 6.078 5.848 6.257 7.266 7.671 8.890 
9.754 10.561 9.805 10.624 12.094 10.552 6.653 
7.953 6.749 8.365 3.794 5.043 3.663 3.794 
5.616 3.947 3.955 3.458 4.169 4.576 4.457 
4.710 4.573 5.171 4.326 3.337 5.013 4.959 
5.270 3.912 4.097 4.116 3.377 3.410 3.260 
3.3RO 3.551 3.733 

Year: 1961 

2.680 4.128 3.863 4.458 4.576 4.069 3." 713 
5.481 6.257 6.707 7.537 7.013 6.785 7.454 
8.120 9.332 10.286 11.021 7.356 9.864 10.221 
8.052 6.415 6.085 6.541 6.714 3.159 3.330 
4.020 6.133 4.070 3.601 4.151 3.999 4.250 
3.039 4.888 4.679 3.176 4.713 4.389 4.171 
5.256 3.970 4.177 4.547 4.441 4.390 4.031 
3.799 4.106 3.879 

Year: 1962 

2.841 4.025 4.206 4.036 4.361 4.985 4.918 
5.320 6.060 6.674 5.979 7.319 7.664 8.735 
8.297 7.702 7.578 8.114 8.968 8.286 10.876 
9.698 6.206 5.278 3.908 4.433 6.456 4.737 
4.604 3.274 4.313 4.453 4.325 4.602 5.153 
6.228 3.837 5.057 4.920 4.519 4.672 3.778 
4.598 3.420 4.634 4.402 4.349 4.426 3.873 
3.957 3.841 4.021 

Year:: 1963 

2.421 4.093 4.312 4.359 4.432 5.016 5.860 
5.774 6.479 6.640 7.900 6.562 7 . 799 7.592 
7.699 8.408 8.280 8.314 8.644- 8.300 9.790 
9.043 7.154 6.519 4.270 7.699 4.354 4.203 

3.942 4.690 4.739 4.927 3.728 5.528 4.704 

3.543 4.521 5.341 4.884 4.174 4.307 5.142 

3.703 4.027 4.561 4.392 4.321 4.270 4.193 

3.871 4.120 3.771 

Year: 1964 

3.844 4.401 4.367 5.030 4.134 5.233 
2.098 

6.808 6.719 7 . 147 8.213 7.959 8.790 
5.781 

10.515 8.813 8.996 10.135 9.207 9.522 
9.7 74 

9.264 10.323 6.770 4.177 4.062 3.48P. 
8.165 

4.660 5.292 6.351 4.514 3.933 3.3, , 
5.182 

4.358 5.412 4.392 3.986 4.479 5.064 
6.356 

4.917 4.634 4.136 4.225 4.678 4.206 
4.291 4.150 3.901 
4.058 
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Year: 1965 

3.664 4.318 4.031 4.087 4.843 5.890 4.852 
5.572 6.280 7.796 7.446 6.971 6.709 7.050 
9.149 9.050 10.390 9.702 8.668 10.963 9.238 
8.260 10.751 8.499 5.613 4.396 5.272 4.119 
5.056 4.222 5.247 5.585 5.388 4.447 5.103 
4.522 5.866 3.538 5.818 5.309 5.113 3.006 
5.348 4.894 4.573 4.443 4.480 4.250 4.082 
4.724 4.164 4.064 

Year: 1966 

3.139 3.657 4.163 4.181 4.531 5.245 5.678 
5.517 6.714 6.835 6.570 6.806 7 .014 8.569 
8.714 8.549 9.868 9.308 10.615 10.518 10.420 
9.294 10.330 5.823 4.872 3.782 5.642 6.772 
3.550 5.070 4.245 3.979 4.992 5.418 5.719 
4.085 4.450 6.181 6.155 5.973 4.452 5.004 
5.679 5.131 4.599 4.399 3.163 4.023 3.981 
4.039 4.294 3.821 

Year: 1967 

3.497 2.114 4.106 4.125 5.048 5.259 5.718 
6.597 6.403 7.934 6.747 5.153 6.343 8.067 
8.391 9.840 7.844 9.823 11.116 9.771 9.878 

10.454 10.273 7 . 926 6.012 5.963 4.884 6.083 
6.480 4.863 3.544 4.059 4.991 3.406 4.380 
4.376 4.493 4.353 4.302 4.765 5.083 5.442 
5.775 5.013 4.579 4.481 4.371 4.270 3.998 
3.437 3.754 4.055 

Year: 1968 

2.777 4.753 4.227 4.206 4.786 5.447 5.657 
5.022 5.787 5.962 6.760 6.981 8.321 8.837 

9.0 05 9.119 8.047 9.366 10.535 9.481 10.568 

10.691 7.965 5.013 5.556 5.880 4.236 4.186 
6.440 4.469 4.981 4.054 4.136 4.780 5.766 
4.880 4.480 6.113 4.222 4.244 5.614 5.0 00 
3.263 4.452 3.394 3.928 3.855 3.928 5.342 

3.848 3.872 3.591 

Yea!': 1969 

4.052 4.350 4.021 4.853 5.290 5.124 
1.954 

6.679 6.953 7.213 7.113 7.763 8.204 
5.612 

9.622 9.550 8.015 7 . 779 8.443 8.464 
8.504 

5.947 7.810 6.096 5.838 4.102 5.290 
9.609 

3.661 4.498 4.697 4.219 4.420 6.808 
4.978 

3.202 4.949 4.243 5.034 4.304 5.096 
5.269 4.249 3.1169 4.295 3.488 3.846 
4.962 4.607 

3.484 
3.437 3.082 
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Year! 1970 

1.724 3.673 3.893 3. '742 4.352 .. 4.662 4.522 
5.378 5.912 5.443 5.478 6.978 7.271 7 . S· r) 

7.800 9.499 7.938 8.334 9.912 9.268 9.113 
10.242 6.599 4.883 5.949 6.157 4.259 5.439 

5.157 3.480 4.813 5.528 4.681 5.665 3.570 
3.306 4.103 6.175 5.130 4.268 3.155 4.874 
4.650 5.258 4.928 3.572 5.066 4.037 3.581 
3.91B 3.795 3.841 

Year: 1971 

3.684 4.013 4.309 3.786 4.034 5.260 5.804 
5.366 5.441 6.493 6.911 7.399 8.088 7.892 
8.558 5.970 8.105 9.548 7.581 7.663 8.464 
6.255 4.847 5.011 4.120 5.389 4.362 4.401 
3.297 5.025 3.845 4.151 4.488 5.073 3.535 
4.866 6.008 4.635 4.758 5.128 4.864 3.966 
5.184 4.374 4.557 4.200 4.954 4.459 3.811 
3.852 3.605 3.902 

Year! 1972 

3.529 4.198 4.025 4.055 4.875 5.839 4.696 
5.178 6.361 6.706 7.207 8.147 7.808 8.567 
8.311 8.368 9.033 10.175 10.943 11.847 9.637 

10.4.71,1 9.999 8.503 8.852 5.523 3.826 4.192 
4.916 5.065 5.403 4.612 4.718 5.484 3.648 
5.33$' 4.218 5.063 4.735 4.494 5.040 5.394 
5.363 4.107 4.536 4.702 4.508 4.730 4.756 
4.172 3.919 4.029 

Year! 1973 

2.972 4.619 5.032 4.904 5.213 5.364 5.908 
6.555 7.031 6.035 6.773 7.085 7.639 9.122 
9.175 9.698 10.513 9.872 10.223 8.898 9.805 

9.975 8.838 6.400 8.550 6.778 4.485 3.231 

4.400 4.994 4.127 5.245 4.674 4.086 4.423 

3.799 5.178 4.568 4.448 3.097 4.937 4.868 

3. 860 4.325 4.641 3.825 4.425 4.384 4.082 

3.982 3.856 3.994 

Year: 1974 

3.980 4.397 4.128 4.697 5.606 5.306 
2.405 

6.569 7.464 7.030 7.239 6.837 7.619 
5.488 

9.147 9.773 10.338 10.818 9.626 9.643 
8.279 

7.425 7.376 7.475 5.818 6.314 3.939 
7.727 

5.365 5.502 6.773 3.487 7.413 5.440 
5.018 

4.471 4.425 5.802 3.591 4.273 4.891 
6.026 

4.503 4.417 4.546 3.980 4.507 4.149 
3.968 

3.854 4.192 
4.030 
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Year: 1970 

1.724 3.673 3.893 3.'742 4.352 4.662 4.522 
5.378 5.912 5.443 5.478 6.978 7 . 271 7.S··!) 
7.800 9.499 7.938 8.334 9.912 9.268 9.113 

10.242 6.599 4.883 5.949 6.157 4.259 5.439 
5.15'7 3.480 4.813 5.528 4.681 5.665 3.570 
3.306 4.103 6.175 5.130 4.268 3.155 4.874 
4.650 5.258 4.928 3.572 5.066 4.037 3.581 
3.918 3.795 3.841 

Year: 1971 

3.684 4.013 4.309 3.786 4.034 5.260 5.804 
5.366 5.441 6.493 6.911 7.399 8.088 7.892 
8.558 5.970 8.105 9.548 7.581 7.663 8.464 
6.255 4.847 5.011 4.120 5.389 4.362 4.401 
3.297 5.025 3.845 4.151 4.488 5.073 3.535 
4.866 6.008 4.635 4.758 5.128 4.864 3.966 
5.184 4.374 4.557 4.200 4.954 4.459 3.811 
3.852 3.605 3.902 

Year: 1972 

3.529 4.198 4.025 4.055 4.875 5.839 4.696 
5.178 6.361 6.706 7.207 8.147 7.808 8.567 
8.311 8.368 9.033 10.175 10.943 11.847 9.637 

10.4.7 LA 9.999 8.503 8.852 5.523 3.826 4. 192 
4.916 5.065 5.403 4.612 4.718 5.484 3.648 
5.339 4.218 5.063 4.735 4.494 5.040 5.394 
5.363 4.107 4.536 4.702 4.508 4.730 4.756 
4.172 3.919 4.029 

Year: 1973 

2.972 4.619 5.032 4.904 5.213 5.364 5.908 
6.555 7.031 6.035 6.773 7.085 7.639 9.122 
9.175 9.698 10.513 9.872 10.223 8.898 9.805 
9.975 8.838 6.400 8.550 6.778 4.485 3.231 

4.400 4.994 4.127 5.245 4.674 4.086 4.423 

3.799 5.178 4.568 4.448 3.097 4.937 4.868 

3.860 4.325 4.641 3.825 4.425 4.384 4.082 

3.982 3.856 3.994 

Year: 1974 

3.980 4.397 4.128 4.697 5.606 5.306 
2. 405 

6.569 7.464 7.030 7.239 6.837 7.619 
5.488 

9.147 9.773 10.338 10.818 9.626 9.643 
8.279 

7.425 7.376 7.475 5.818 6.314 3.939 
7.727 

5.365 5.502 6.773 3.487 7.413 5.440 
5.018 

4.471 4.425 5.802 3.591 4.273 4.891 
6.026 

4.503 4.417 4.546 3.980 4.507 4.149 
3.968 4.192 
4.030 3.854 
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Year: 1975 

2.051 4.134 3.927 4.D13 11.597 4.521 5.277 

5.066 5.669 7.153 6. '131 6.347 6.778 7.682 

9.052 8.946 8.847 10.374 10.885 10.393 9.785 

9.254 8.087 5.757 6.996 6.657 4.443 4.721 

4.563 5.353 4.953 5.818 3.198 3.768 5.087 

4.053 4.434 5.115 5.344 3.844 4.557 3.723 

5.204 4.564 4.560 3.669 4..397 3.'713 4.371 

3.967 3.934 3.902 

Year: 1976 

1.795 4.167 4.000 4.286 4.429 4.814 5.152 

5.737 6.431 6.743 7.927 6.808 7.527 7.728 

7.677 8.621 9.050 9.016 9.683 8.711 8.894 

8.883 10.085 7.720 8.332 7.140 5.287 4.693 

4.430 4.500 6.080 4.718 5.182 4.879 6.154 

3.597 5.089 5.620 6.289 5.672 5.811 6.078 

3.565 5.221 4.358 4.660 4.438 3-.854 3.637 

4.080 3.955 3.884 

Year: 1977 

3.947 4.500 4.237 4.559 4.930 5.672 5.503 

6.165 7.013 7.004 8.378 7.284 7.673 9.176 

8.234 8.364 7.453 9.289 9.089 
7.558 8.045 

8.296 6.905 4.772 4.771 3.912 4.943 
9.'730 3.580 5.094 !; . 935 4.662 3.305 
5.967 4.553 

5.749 5.116 4.330 . 5.295 5.285 
4.127 4.770 

4.783 4.344 2.829 4.173 4.134 
5.635 4.514 

3.921 3.688 3.558 

Year: 1978 

3.991 4.244 4.648 4.804 5.196 

3.042 3.702 
6.634 6.028 5.568 6.215 6.801 

5.050 5.700 
7.29 9 9.037 8.844 7.829 8.584 

7.544 7.539 
8.572 5.917 3.729 4.824 3.803 

10.205 8.060 
4.716 4.007 4.261 4.640 5.129 

5.916 5.520 4.588 5.076 4.492 4.922 4.726 
5.444 4.911 

4.354 4.531 4.602 4.162 4.336 
5.096 3.903 
4.024 4.249 3.502 

year" : 1979 

4.113 4.220 5.157 5.256 5.448 

2.753 4.182 
6.713 7.122 8.271 7.226 8.670 

5.980 5.946 
8.816 9.431 9.144 9.976 9.501 

9.052 8.477 
9.680 7.853 5.559 5.468 4.627 

533 9.873 
5.545 3.595 5.967 6.240 6.031 

9 . 7.171 
5.509 6.144 5.561 4.539 5.355 5.665 

4.771 
3.942 

4.539 4.746 5.090 4.534 4.594 

5.091 
5.554 4.094 4.275 
4.550 
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Yea!': 1980 

2.556 4.568 4.396 4.699 5.569 5.820 5.683 
5.750 6.678 7.412 6.823 7.155 7.809 7.823 
8.575 9.354 10.582 10.349 10.829 10.543 10.251 

, 9.575 7.275 7.509 4.749 3.474 3.387 4.524 , 
4.562 4.704 4.198 4.316 4.495 6.271 4.406 
4.519 3.973 4.502 4.730 5.225 5.642 5.691 
4.025 5.040 4.824 4.608 4.607 4.430 4.200 
2.966 4.113 3.875 

Year: 1981 

1.803 4.779 4.171 4.296 4.400 5.269 5.591 
5.843 6.326 7.478 6.992 6.426 6.983 6.370 
8.078 9.265 7.991 8.865 7.041 8.641 8.774 
7.210 8.355 8.481 6.503 4.729 5.267 3.919 
3.743 4.744 5.868 4.482 5.424 5.528 5.196 
4.817 4.909 5.111 4.751 4.967 .5.834 5 . "j .:. Ii 
5.684 4.901 4.858 4.927 5.106 4.758 4.539 
4.275 4.072 3.940 

Yea!': 1982 

4.127 4.188 3.972 3.818 4.712 4.694 5.341 
5.540 5.335 5.668 6.338 7.389 7.499 8.621 
8.757 8.078 9.074 9.181 9.357 9.242 9.539 
7.031 7.870 5.642 5.978 6.327 8.836 4.888 
6.328 4.741 5.030 4.110 3.730 4.082 5.169 
4.333 4.996 6.352 5.862 5.466 5.575 4.445 
5.595 5.373 4.826 4.414 4.226 4.313 4.203 
3.863 4.150 4.296 

Yea!': 1983 

4.104 4.625 4.131 4.393 5.201 3.976 5.267 
5.693 5.589 6.281 7.336 6.613 6.853 7.671 
7.915 7.341 8.666 9.169 8.886 8 .. 479 9.735 
8.843 8.889 8.518 7 . 122 6.144 ' 4.778 6.506 
5.050 4.724 3.527 5.013 4.369 5.131 4.138 
4.201 5.171 4.931 5.356 3.299 3.980 5.491 
5.635 5.205 4.641 4.626 4.399 4.873 4.314 
3.983 3.888 3.894 

Yea!': 1984 

3.293 4.362 4.051 4.605 4.772 4.532 4.873 
5.474 6.092 6.433 7.134 7.352 7 .619 8.698 
8.393 9.444 8.165 9.641 10.230 10.619 10.941 
8.010 6.058 4.836 5.857 4.123 4.063 4.804 

4. 867 5.310 5.948 4.535 4.548 6.159 4.620 

3. 436 5.082 6.053 6.001 5.217 4.768 3.962 
4.853 4.822 4.177 4.438 4.376 4.075 5. 045 
4.244 3.837 

4.002 
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Year: 1985 

2.268 3.825 3.831 4.266 4.845 5.644 4.762 
5.123 6.28~ 7.302 7.178 7.170 7.688 8.251 
8.983 8.818 9.086 9.131 9.089 8.849 8.837 
8.702 6.397 7.913 6.718 7.366 3.714 3.992 
4.140 5.613 4.720 4.467 6.366 4.290 3.549 
3.019 4.050 3.830 5.258 4.816 4.469 4.275 
5.004 4.910 4.366 4.'133 4.934 4.468 4.194 
3.996 3.752 4.183 

Year: 1986 

2.132 4.186 3.794 3.974 4 . 77'9 5.238 5.207 
4.605 5.960 6.065 7 . 279 7.854 7.968 8.746 
8.702 8.587 9.197 8.029 8.485 8.025 6.946 
8.198 9.179 9.453 5.1107 2.909 5.041 5.449 
5.156 4.828 4.606 5.250 5.764 4.545 5.761 
5.148 4.607 5.362 4. '/10 4.660 3.013 5.334 
5.544 5.261 3.083 3.970 4.401 4.219 4.086 
3.643 3.795 4.033 

Year: 1987 

1.830 3.949 3.818 4.163 4.500 5.184 4.855 
5.143 6.002 5.572 5.904 7.497 7.272 7.52r 
8.414 8.204 8.460 7.382 7.083 7.714 9.694 
9.362 7.839 6.582 7.017 8.171 9.562 4.058 
4.396 4.100 4.786 4.576 7.197 5.606 3.755 
5.330 4.597 5.172 4.560 5.318 5.143 4.982 
5.027 5.077 3.299 4.829 3.114 3.901 3.947 
3.581 3.951 4.182 

Year: 1988 

3.599 3.764 3.937 4.349 4.681 5.239 5.125 
5.2 22 5.952 6.076 7.563 8.155 8.039 9.007 
9.034 7.394 7.674 8.038 10.159 7.621 6.925 

8.856 6.092 4.169 6.471 5.322 5.477 4.784 

6.129 4.527 4.318 3.943 5.068 5.834 5.430 

4.231 5.475 3.647 5.621 4.841 5.403 5.205 

5.551 4.293 4.316 4.968 4.928 4.402 3.983 

4.106 4.153 3.752 

year: 1989 

3.917 3.941 3.827 4.244 5.565 5.993 
2. 949 5.808 6.282 5.777 6.972 6.611 8.491 
6.047 9.184 8.396 9.174 9.997 9.463 6.261 
8. 101 7.037 5.779 3.094 5.629 4.176 5.827 
6.325 4.283 3.466 3.946 4.800 5.157 4.381 
5. 947 3.591 4.914 4.150 4.888 4.389 4.281 

093 4.222 3.582 3.978 3.896 3.625 5 . 4.454 
5. 086 3.477 3.211 

397 3. 
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Year: 1990 

2.426 3.624 3.742 4.002 4.315 4.914 4.416 

4.097 5.108 4.587 5.204 6.045 5.592 5.958 

6.809 6.457 7.493 6.878 5.244 4.953 6.509 

6.782 5.875 5.324 4.930 3.814 3.586 3.243 

3.547 4.394 '4.061 5.399 4.904 4.790 4.682 

3.488 4.136 5.164 4.604 3.935 3.258 4.762 

3.847 4.161 2.841 4.136 4.047 3.699 3.471 

3.438 2.948 3.463 

Year: 1991 

2.184 3.487 2.767 3.043 4.063 4.679 4.985 

4.876 6.136 5.767 6.259 6.593 6.553 8.399 

7.287 7.291 6.981 7.530 9.148 9.346 9.257 

8.075 6.208 5.518 7.085 4.872 3.858 5.461 

3.803 3.654 4.668 3.745 2.892 3.532 3.230 

3.121 4.529 4.193 4.115 4.205 3.248 3.522 

4.626 2.620 2.851 3.657 2.810 3.545 3.270 

3.072 2.760 3.091 
------_. 
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Table D-4 Ueekly average reference crop evapotranspiration obtained 
by Penman method ( 32 years average ) 

~----------------------------------------------------------------------
Week no. ET Ueek no. ET 

o o _.u _____________________________________ ~ _____________ -----------------

1 2.83 27 4.84 

2 4.05 28 4.61 

3 4.08 29 4.82 

4 4.18 30 4.80 

5 4.70 31 4.63 

6 5.08 32 4.67 
7 5.22 33 4.71 
8 5.50 34 4.92 
9 6.15 35 4.67 

10 6.54 36 4.47 
11 6.84 37 4.60 

12 7.05 38 5.01 

13 7.30 39 5.09 

14 8.08 40 4.57 
15 8.42 41 4.66 
16 8.64 42 4.83 
17 8.74 43 4.97 
18 9.10 44 4.54 
19 9.28 45 4.35 
20 9.14 46 4.29 
21 9.12 47 4.26 
22 8.76 48 4.20 
23 7.82 49 4.02 
24 6.94 50 3.38 
25 6.04 51 3.85 
26 5.45 5·2 3.85 
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C "7\ ~. f h ( ET Table D-S osurot~ve use 0 ar ar . 
,.. 1\ 

) during different time intervals 
crop 

----------------------------------------- .. -------~---------------------
Duration ET, mm/day 

o 
K Consumptive use in rom 

for the period 

~~~--------------------------------------------------------------------
July 2Sth - 31st 4.700 0.230 7.S70 
Aug 1st - 7th 4.650 0.230 7.490 

8th -- 14th 4.690 0.230 7.5S0 
14th - 20th 4.800 0.255 8.570 
21st - 27th 4.810 0.375 12.630 
2Btb .- Sep 3rd 4.580 0.580 18.600 

Sep 4th 1 V-th 4.530 0.750 23.780 
11th - 17th 4.7BO 0.940 31.450 
18th. - 24th 5.000 1.095 38.330 
25th - 30th 4.820 1.150 38.800 

Oct 1st - 7th 4.600 1.150 37.030 
8th - 14th 4.730 1.150 38.080 

15th - 21st 4.800 1.150 38.640 
22nd - 28th 4.790 1.150 38.560 
29th - 4th Nov 4.460 1.150 35.900 

Nov 5th - 11th 4.320 1.150 34.780 
12th - 18th 4.280 1.150 34.450 
19th - 25th 4.230 1.100 32.S70 
26th - 2nd Dec 4.120 0.965 27.830 

Dec 3rd - 9th 3.950 0.790 21.840 
10th - 16th 3.860 0.625 16.890 
17th - 23I'd 3.850 0.470 12.660 
24th - 30th 3.850 0.315 8.500 

To1:a.l 572.500 
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Table D-6 Consumptive use of groundnut (ET ) during different 
time intervals crop 

Duration 
ET , mm/day K Consumptive use in mm 

0 c for the period 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.v~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Jul 10th - 16th 4.730 0.220' 7.280 

17th - 23rd 
4.840 0.220 7.450 

24th - 30th 
4.770 0.220 7.350 

31st - 6th Aug 4.650 0.250 8.140 

A.ug 7-th - 13th 4.680 0.380 12.450 

14th 20th 4.800 0.545 18.310 

21st - 27th 4.810 0.725 24.410 

28th - 3rd Sep 4.590 0.885 28.440 

Sep 4th - 10th 4.530 0.950 30.120 

11th - 17th 4.780 0.950 31.790 

18th - 24th 5.000 0.950 33.250 

25th - 1st Oct 4.820 0.950 32.050 

Oct 2nd - 8th 4.610 0.870 28.070 

9th - 15th 4.730 0.680 22.510 

16th - 17th 
4.830 0.550 5.310 

296.930 
Total 

T bl D-7 Consumptive use of maize (ETc~~) during different 
a e time intervals --r 

~-----~--~---~~---~-~~~~~~-~~-~~~~~-~~~-~~~---~~~~-~~~~~~~~~~~~~~ ET , mm/day K ~~~~~~~ 
Duration Consumptive use in mm 

o c for the period 

-------------------------------------------------------Jul 10th - 16th 4.720 0.Z20 ~~;~;;~~~~~~~~~~~ 
17th - 23rd 4.840 0.220 7.450 
24th - 30th 4.770 0.230 7.680 
31st - 6th Aug 4.650 0.350 11.390 

Aug 7th - 13th 4.680 0.530 17.360 
14th - 20th 4.800 0.720 24.190 
21st - 27th 4.810 0.935 31.480 
28th - 3rd Sep 4.590 1.050 33.740 

Sep 4th - 10th 4.530 1.050 33.300 
11th - 17th 4.780 1.050 35.130 
18th - 24th 5.000 1.050 36.750 
25th - 1st Oct 4.820 1.050 35.430 

Oct 2nd - 8th 4.610 0.970 31.300 
9th 15th 4.730 0.783 25.930 

16th - 22nd 4.890 0.675 23.110 
23rd - 27th 4.-970 0.575 11.430 

372.950 
Total 
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APPENDIX - E 

Table E - 1 Year~ise yield of arhar and gro~ing degree days at different 
gro~th phase 

~--------------------------------------~--------------------------------Year Yeild Gro~ing degroo days in degree cent. in different 
growth phase 

Initial crop dev. Hid Late 
q/ha stage stage season season 

1976 8.20 479.55 641.55 1195.60 468.80 
1977 9.05 4.77.70 648.20 1181.75 4.79.90 
1978 9.38 4.71.25 653.80 1161.80 4.90.05 
1979 12.11 4.64..65 672.35 1092.00 525.'/5 
1980 9.77 4.70.20 658.70 1158.35 4.97.85 
1981 9.93 4.67.85 663.25 1131.75 503.55 
1982 9.4.4. 4.72.15 653.4.5 1167.70 4.88.25 
1983 10.00 4.67.25 665.35 1111.80 509.95 
1984 7 . 11 488.55 641.20 1252.60 433.60 
1985 " , 22 487.85 641.20 1241.30 4.60.45 
1986 11.89 463.45 673.75 1074..10 54.1.25 
1987 13.56 461.95 682.15 1007.00 550.25 
1988 10.22 466.25 666.75 1102.30 515.70 
1989 9.93 4.67.85 663.25 1131.75 503.55 
1990 11.22 465.85 668.15 1101.00 519.20 
1991 9.38 474.35 649.70 1179.25 4.83.4.5 
------------------------------------------------------------------------
Table E - 2 Year~ise yield of groundnut and gro~ing degree days 

at different gro~th phase 

------------------------------------------------------------------------
Year Yeild 

q/ha 

Gro~ing degree days in degree cent. in different 
growth phase 

Initial 
stage 

crop dev. 
stage 

Hid 
season 

Late 
season 

------------------------------------------------------------------------
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
198B 
1989 
1990 
1.991 

",;"",''''I~I'<>'AoJ 

10.28 
10.97 
11.11 
13.84 
12.19 
13.94 
1:3.80 
13.47 

9.78 
9.72 

10.00 
1.3.47 
11.94 
10.78 
10.44 
10.92 

467.70 
474.10 
475.90 
485.05 
479.30 
485.20 
4.82.45 
481.60 
4.65.80 
463.80 
466.70 
479.95 
477.15 
473.60 
471. 85 
472.90 

558.45 
564.15 
565.45 
583.05 
568.40 
586.65 
577.45 
569.95 
553.90 
553.25 
554.25 
568.55 
566.50 
561.70 
559.15 
559.15 

569.80 
563.30 
563.00 
553.80 
560.30 
543.10 
556.70 
558.90 
574.90 
585.10 
573.80 
559.80 
561.50 
564.50 
5.6 6 . 60 
564.50 

268.50 
276.90 
278.90 
292.30 
280.85 
298.20 
287.60 
285.55 
263.25 
261.55 
263.75 
281.15 
280.20 
272.30 
271.05 
271.30 

__ -~N----------------------------N---------------------------___ _ 



187 

Table E - 3 Yearwise yield of maize and growing degree days at different 
growth phase 

Year Yeild Growing degree days in degree cent. in different 
growth phase 

q/ha Initial crop dey. Hid Late 
stage stage season season 

------------------------------------------------------------------------
1976 22.93 369.45 504.10 649.25 433.55 
1977 9.14 389.10 553.70 681.80 474.80 
1978 19.14 381.05 565.80 652.05 440.50 
1979 11.11 389.05 556.70 666.05 464.60 
1980 9.59 389.05 554.30 668.50 471.95 
1981 16.05 385.95 560.70 661.85 455.05 
1982 17.51 384.95 561.60 660.45 453.90 
1983 12.39 387.55 557.40 662.55 463.55 
1984 19.60 371.55 571.00 650.65 43~.60 

1985 23.01 368.55 589.10 635.95 423.80 
1986 19.44 373.95 568.40 651.00 438.80 
1987 18.46 378.95 567.20 652.05 439.50 
1988 15.28 387.15 560.20 662.20 459.40 
1989 17.38 383.35 564.70 659.75 452.40 
1990 22.90 371.35 576.40 650.20 434.50 
1991 17.76 382.40 565.80 656.95 450.15 
-----------------------------------------------------------------------
T ble E - 4 Yearwise yield of upland paddy and growing degree days 

a at different growth phase 

_________________________________________ N ____________ ________ _ 

--------- Yeild Growing degree days in degree cent. in different 
Year growth phase 

crop dey. 
stage 

q/ha Initial Mid Late 
stage season season 

---~~-----------------------------------------------------~------
------- 11.58 412.65 573.55 551.80 369.30 
1 9 7 6 1 3 . 6 6 3 9 5 . 1 5 5 6 2 . 8 5 !5 4 4 . 2 0 3 7 7 . 2 0 
1977 14.77 384.30 557.10 527.10 389.55 
1978 11.03 413.00 579.45 553.60 368.10 
1979 12.63 394.45 562.05 542.90 379.95 
1980' 12.46 397.60 567.80 544.80 376.30 
1981 10.21 444.35 584.45 564.70 364.15 
1982 14.10 410.90 571.50 551.25 371.60 
1983 14.16 392.35 560.65 541.50 380.90 
1984 389.55 560.15 530.10 384.75 
1985 14.44 388.50 558.95 527.90 387.80 
1986 14.72 439.95 584.25 562.00 367.65 
1987 10.30 406.70 569.55 550.80 372.00 
1988 11.72 403.55 568.35 545.00 375.20 
1989 12.00 383.25 556.95 525.90 393.35 
1990 17.72 419.30 581.70 555.20 368.10 

1991 10.89 --------------~-------------------------------,..;-"''''''-------• ..., ~ '" ~ '" #"oJ ~.J .,....,,..., ,..., IV ,..., .V -


