










CONTENTS

CHAPTER TITLE PAGES

I. INTRODUCTION 3-5

II. REVIEW OF LITERATURE 6-13

III. DESCRIPTION OF MATERIALS AND
STATISTICAL METHODOLOGY

14-25

IV. RESULTS AND DISCUSSION 26-31

SUMMARY 32-34

REFERENCES 35-37

APPENDIX 38-48



2



3

1. INTRODUCTION

Timely and effective forecasts of the crops are vital for an agrarian economy. Crop

yield forecasts are important for advance planning, formulation and implementation of

policies related to the crop procurement, distribution, price structure and import export

decisions etc. These are also useful to farmers to decide in advance their future prospects and

course of action. Thus reliable and timely pre-harvest forecasting of crop yield is very

important. To meet such needs, crop forecasts under the prevalent system of India are being

issued by the Directorate of Economics and Statistics, Ministry of Agriculture, New Delhi.

These forecasts are, however, of a subjective nature since these are based on the judgment of

agricultural officials. The final estimates, though based on objective crop-cutting

experiments, are of limited utility as these become available quite later after the crop harvest.

The statistical techniques employed for forecasting purposes should be able to provide

objective, consistent and comprehensible forecasts of crop yield with reasonable precisions

well in advance before the harvest.

In view of this, there is a need for developing an objective methodology for pre-

harvest forecasting. This involves building up suitable forecast models whose use as a

forecasting technique has certain merits over the traditional forecasting method. These merits

include the objectivity of forecast and its ability to provide a measure of the degree of its

prediction which a traditional forecast method cannot provide. Another merit of forecasts

through such techniques is their ability to reflect the impact on the components of yield over

time due to changes in crop varieties, cultural practices or the crop inputs. For this purpose of

developing objective methodology of pre-harvest forecast of the crop yield, models based on

the regression approach have found favor among the researchers. At the research level,

various organizations in India and abroad are engaged in developing methodology for pre-

harvest forecast of crop yield. While various approaches have been developed, prominent

among the pre-harvest forecasting approaches are those based on models that utilize data on

crop biometrical characters, weather variables, farm agrometeorological

conditions, remotely sensed crop reflectance observations etc. The approach using weather

variables is normally based on time series data and the approach using plant characters

requires collection of data from the fa Based on these data mostly regression
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models are fitted. During the last few years considerable work has been carried out in the

spectral response and the yield relationships for different crops.

Genesis of the problem  

Crop yield is mostly affected by technological change and weather variability. It can

be assumed that the technological factors will increase yield smoothly through time and,

therefore, year or other parameters of time can be used to study the overall effect of

technology on crop yield. Weather variability both within and between seasons is the second

and uncontrollable source of variability in yields. Weather variables affect the crop

differently during different stages of development. Thus extent of weather influence on crop

yield depends not only on the magnitude of weather variables but also on the distribution

pattern of weather over the crop season which, as such, calls for the necessity of dividing the

whole crop season into finer intervals. However, doing so will increase number of variables

in the model and in turn a large number of parameters will have to be evaluated from the data

and sufficient number of observations may not be available for precise estimation of these

parameters. Suitable dimension reduction techniques like transformations say, forming

indices or multivariate techniques such as principal components, discriminant functions etc.

can be employed to tackle such problems and at the same time utilize the available

information to the maximum extent possible. In this study, forecasting of crop yield has been

done by developing models using discriminant function technique.

Discriminant analysis is a multivariate technique concerned with separating distinct

sets of objects (or sets of observations) and allocating new objects (or observations) to the

previously defined groups. As an example, a medical researcher is interested in

differentiating between the patients who have had a heart attack and those who have not yet

had a heart attack. The medical researcher then wants to use some identified factors to predict

whether a patient is likely to have a heart attack in the future. In a similar way forecasting of

crop yield on the basis of the weather variables can be done using discriminant analysis. In

this context the crop year can be categorized as congenial, normal or adverse using

discriminant function analysis on the basis of data on weather variables.
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At I.A.S.R.I, forecast models have been developed using discriminant function

technique for rice crop for one location. In the present study, the approach has been tried for

wheat crop.  

The objectives of the present study are framed as follows:

1. To develop crop yield forecast models based on weather parameters using discriminant

function technique.

2. To study the performance of the developed models and compare the forecasts obtained

with those of the existing models.
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2. Review of Literature

The approach of forecasting through developing models based on weather variables takes

into consideration weather variables like temperature, precipitation, relative humidity, 

sunshine hour, etc. These weather variables affect the crop yield differently during

different stages of its development. The extent of weather influence on the crop yield

depends not only on the magnitude of the weather variables but also on the distribution

pattern of the weather variables through out the crop season which calls for necessity of

dividing the whole crop season into finer intervals. This will increase the number of

variables in the model and in turn a large number of model parameters will have to be

evaluated from the data. This will require a long series of data, for precise estimation of

the parameters, which may not be available in many situations. Thus, a technique based

on relatively smaller number of manageable variables and at the same time taking care of

entire weather distribution may solve the problem. 

Pioneering work in this context, has been done by Fisher (1924) and Hendricks

and          Scholl (1943). Fisher studied the effect of rainfall on the wheat yield. He

assumed that the effect of change in weather variable in successive weeks would not be an

abrupt or erratic change but an orderly one that follows some mathematical law.  He

assumed that these effects are composed of the terms of a polynomial function of time.

Further, the value of weather variable in wth week, Xw was also expressed in terms of

orthogonal functions of time.   Substituting these in usual regression equation

Y = A0 + A1X1 + A2X2 +..... + AnXn +

(Here Y denoted yield, Xw rainfall in wth week, w = 1, 2,..., n and the error) and utilizing

the properties of orthogonal and normalized functions, he obtained

Y = A0 + a0 0 + a1 1 + a2 2 +..... + ak k +

  

where A0,a0,a1,a2,....,ak are parameters to be determined and i (i

constants of Xw and e is the error. Fisher has suggested to use k = 5 for most of the practical

situations. In fitting this equation for k = 5, the number of model parameters to be evaluated
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will remain 7, no matter how finely growing season is divided. This model was used by

Fisher for studying the influence of rainfall on the yield of wheat. 

Hendricks

-degree polynomial in the

week number should be sufficiently flexible to express the relationship. Mathematically,

it can be expressed as  

Aw = a0 + a1w + a2w
2       

Substituting the expression for Aw in regression equation, the model was obtained as

Y = A0 + a0
w

Xw + a1
w

w Xw + a2
w

w²Xw +   

In this model number of parameters to be determined reduces to 4, irrespective of n.  

This model was extended for two weather variables to study joint effects.  Further, 

since the data for such studies extended over a long period of years, an additional variate T

representing the year was included to make allowance for time trend.

Another important contribution in this field is by Baier (1977). He had classified the

crop-weather models in three basic types` viz. crop growth simulation model, crop

weather analysis model and empirical statistical models. Crop growth simulation model is

a tool which mimics the response of the crop to its surrounding atmosphere and inputs. In

this approach, basic plant processes - production and distribution of dry matter and water

relations are modeled and then the entire response of the plant to environmental condition

is simulated. In India, scientists at Water Technology Centre, Indian Agricultural

Research Institute, New Delhi and International Crop Research Institute for Semi Arid

Tropics (ICRISAT), Hyderabad are working on this approach.  Few studies on selected

crops and selected locations have been carried out. Using actual weather up to the time of

forecast and assuming normal thereafter, forecasts can be obtained.   However, this type

of models requires a large and detailed data base which limits the utility of this approach

on operational basis.

Crop-weather analysis models are expressed as the product of two or more factors,

each representing the (simplified) functional relationship between a particular plant

response (e.g. yield) and the variations in selected variables at different plant

developmental phases. Conventional statistical procedures are used in such models to
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evaluate the coefficients relating crop responses to climatological or derived

agrometeorological data. Bair (1973) and Robertson (1974) have utilized these models. The

Joint Agricultural Weather Information Centre employs the crop weather analysis models

that simulate accumulated crop responses to selected agrometeorological variables as a

function of crop phenology. Observed weather data and derived agrometeorological

variables are used as input data.   

The most commonly used models in crop forecasting are Empirical Statistical

models. In this approach, one or several variables (representing weather or climate, soil

characteristics, time trend etc.) are related to crop responses such as yield.  The weighting

coefficients in these equations are by necessity obtained in an empirical manner using

standard statistical procedures, such as multivariable regression analysis. Several Empirical

Statistical models have been developed all over the world. The independent variables

included weather variables, agrometeorological variables, soil characteristics or some suit-

ably derived indices of these variables, Water Requirement Satisfaction Index (WRSI),

Thermal Interception Rate Index (TIR),   Growing Degree Days (GDD) are some agro-

climatic indices used in the models.  Southern Oscillation Index (SOI) has also been used

with other weather variables to forecast crop yield.  To account for the technological

changes, year variable or some suitable function of time trend was used in the models.  

Some workers have used two time trends. Moving averages of yield were also used to

depict the technological changes. 

M. Frere and G.F. Popov (1979) used the method which utilizes actual rainfall and

climatological information for the calculation of water requirement of crops and in turn

crop water balance. The method is based on a cumulative water balance established over

the whole growing season for the given crop and for successive periods of 10 days or a

week. The water balance is difference between precipitation received by the crop and the

water lost by the crop and the soil.  Based on water surplus and deficit they have calculated

index. Initially the index is taken to be 100 and is modified in successive decades/weeks

depending on the water surplus or deficits. This index has been shown to be directly related

to yield and can give a very satisfactory and early qualitative estimation of yields in rainfed

crops. It may be possible to derive quantitative estimates of yields also but these estimates

will have to be based on the potential yield of crops which will depend on local
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environmental conditions and will vary from place to place.  The method is intended

mainly for utilization in developing countries, where in rainfed agriculture the main

constraint is generally inadequate availability of water to the crop.   

In India, major organizations involved in developing methodology for forecasting

crop yield based on weather variables are India Meteorological Department (IMD), Pune

and Indian Agricultural Statistics Research Institute (I.A.S.R.I.), New Delhi; IMD has

developed empirical statistical models using correlation and regression technique to

forecast rice and wheat yields on operational basis. The methodology involves

identification of significant correlation coefficients between yield and meteorological

variables during successive overlapping periods of 7-60 days of crop growing season. By

analyzing the correlation coefficients for statistical and meteorological significance, the

critical periods are identified. Using these variables in critical periods along with trend,

regression models using stepwise technique are developed for meteorological

subdivisions where these crops are grown on a large scale. Based on these models, 

preliminary forecasts for kharif rice for 26 meteorological sub-divisions consisting of 15

states and the country as a whole are issued in August which is revised in September and

October and final forecast is issued in November / December.  For wheat, preliminary

forecasts are issued for 16 meteorological sub-divisions in January which are updated in

subsequent months and the final forecast is issued in March / April.  By and large, the

performance has been found to be satisfactory except in a few isolated cases. Whenever,

large and persistent deviations between the actual reported yield and the forecast by any

model are observed, the model is modified using the latest yield and weather data and by

introducing new suitable predictors like Yield Moisture Index, Generalized Monsoon

Index, moisture stress, aridity anomaly index, etc. (Sarwade, 1988; Sarkar, 2002). 

At I.A.S.R.I, at district level several models were attempted based on weather

indices, discriminant function analysis and water balance technique. The model suggested

by Hendricks and Scholl has been modified (Agrawal et al. 1980; 1983; Jain et al. 1980) by

expressing effects of changes in weather variables on yield in the wth week as second

degree polynomial in respective correlation coefficients between yield and weather

variables.  This is expected to explain the relationship in a better way as it gives appropriate

weightage to different periods. Under this assumption, the models were developed for



10

studying the effects of weather variables on yield using complete crop season data whereas

forecast models utilized partial crop season data.  These models were found to be better

than the one suggested by Hendricks and Scholl. 

These models were further modified (Agrawal et al. 1986) by expressing the effects

of changes in weather variables on yield in wth week as a linear function of respective

correlation coefficients 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 as weights.  Effects of second degree

terms of weather variables were also studied. The results indicated that (i) the models using

correlation coefficients based on yield adjusted for trend effect were better than the ones

using simple correlation coefficients, (ii) inclusion of quadratic terms of weather variables

and also the second power of correlation coefficients did not improve the model.  This

suggested that the following model can be used to study effects of weather on yield and its

forecast:

cTZaZaAY 11000

where

1,0j;XrZ
n

1w
w

j
wj

Here Y is yield; rw is correlation coefficient between the weather variable in wth week (Xw)

with yield (adjusted for trend effect) and is error term. The models were further extended

for studying joint effects. 

The forecast model has been developed using partial crop season data considering

all weather variables simultaneously.  The model studied was of the form

p

1i

1

0j

p

1'ii

1

0j
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riw/rii'w is correlation coefficient of Y with ith weather variable/product of ith and i'th weather

variable in wth week,  m is week of forecast and p is number of weather variables used.       

In this model, for each weather variable two indices have been developed, one as

simple total of values of weather variable in different weeks and the other one as

weighted total, weights being correlation coefficients between detrended yield and

weather variable in respective weeks. The first index represents the total amount of

weather variable received by the crop during the period under consideration while the

other one takes care of distribution of weather variable with reference to its importance in

different weeks in relation to crop yield. On similar lines, composite indices were

computed with products of weather variables (taken two at a time) for joint effects.

These models were used to forecast yield of rice and wheat in different situations,

viz. (i) rainfed area having deficient rainfall (rice), (ii) rainfed area having adequate

rainfall (rice) and (iii) irrigated area (wheat).  The results revealed that reliable forecasts

can be obtained using this approach when the crops are 10-12 weeks old i.e. around two

and half months before harvest. This approach was also used to develop forecast model

for sugarcane (Mehta et al. 2000). 

At district level, model based on time series data on weather variables has also

been developed using the technique of discriminant function analysis (Rai and

Chandrahas, 2000). A long series of 25 years has been classified into three groups

congenial, normal and adverse with respect to crop yields. Using weather data of these

groups, linear/quadratic discriminant functions were fitted. These functions have been

used to find weather scores for each year at different phases of crop growth and were

used as regressors along with the trend variable in the forecast model. The study has been

carried out for rice in Raipur district. The study showed that forecast of rice crop can be

made about two months before crop harvest.

In another approach based on water balance technique, models for rainfed crops

using weighted stress indices have been developed for rice Raipur, Sorghum Delhi &

Pharbani and Maize Delhi. In this approach, water deficit/surplus has been worked out

at different phases of crop growth and using suitable weights, accumulated weighted

stress index has been developed for each year which was used as regressor in the forecast
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model. This technique provided forecast six weeks before harvest for sorghum, four

weeks before harvest for maize and five weeks before harvest for rice (Saksena et al.

2001).

These studies, carried out at district level, revealed data requirement of about 25-

30 years for reliable forecasts. Such a long series may not be available for most of the

locations. Therefore, model development was attempted at agro climatic zone level. The

models were developed by pooling the data of various districts within the zone so that a

long series could be obtained in a relatively shorter period. Models were developed for

wheat in Vindhya Plateau zone and for rice in then Chattisgarh Plain & Bastar Plateau

zone taken together (as a portion of Bastar district falls under Chattisgarh Plain zone

whereas remaining under Bastar Plateau zone and yield figures are available at district

taken as the variables taking care of variation between districts within the zone. Year was

included to take care of technological changes. Different strategies for pooling district

level data for the zone were adopted. Results revealed that reliable forecasts can be

obtained using this methodology at 12 weeks after sowing i.e. about 2 months before

harvest at zone level also. The data requirement reduced to 10-15 years as against 25

years (approx.) for district level models. The study also revealed that forecast model will

be appropriate to forecast the yield of a zone even if data for some districts within the

zone are not available at model development stage or at forecasting stage (Agrawal et al.

2001). This approach was further studied in detail for various districts and agro climatic

zones of Uttar Pradesh for one major kharif crop (rice), one major rabi crop (wheat) and

one long duration crop (sugarcane) so as to come out with a suitable methodology for

forecasting crop yields at state level. The results of this study indicated that reliable

forecasts for rice and wheat can be obtained when crop is 11 weeks old i.e. two and half

months before harvest. Reliable forecasts for sugarcane can be obtained in middle of

September using data of 14 fortnights (starting from March first fortnight) (Agrawal et al. 

2005).

Some of the studies conducted using discriminant function analysis for modeling/

forecasting purposes are discussed hereunder.
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Deakin (1972) utilized the discriminant analysis for constructing a forecast model

based on various financial ratios of firms which predicts potential business failure as

early as possible to reduce the risk of losses of the stockholders and creditors.

Taffler (1982) described a discriminant model for the identification of British

companies at risk of failure based on financial ratios. Both linear and quadratic

discriminant functions have been employed for this purpose. 

Goudie (1987) described an appropriate framework for the identification of firms

of the corporate sector that might be expected to suffer from financial problems, leading

to failure. He used the discriminative model for this purpose. 

Johnson et al. (1996) described the relationships between weather and outbreaks

of potato late blight in the semiarid environment of south-central Washington with linear

discriminant and logistic regression analyses and forecasted late-blight outbreaks.

Carter et al. (1997) described the methodology of forecasting rainfall over

Puertorico with the help of discriminant function analysis and factor analysis. 

Connor (1999) developed quadratic discriminant function model to forecast the

number of salmon fish that would survive in a dam to help managers to effectively time

the release of reservoir water to mitigate the problem of reduction in survival. He also

developed a multiple regression model using discriminant score to predict the time during

which survivors would pass the dam.

Lee et al. (2002) developed the methodology for forecasting the credit scores

using discriminant function technique. They have also showed that how discriminant

analysis had improved the credit scoring over other methods. 

Sinclair et al. (2005) forecasted the sea lion survival in Alaska region using

discriminant function analysis and multiple linear regression models. 
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Description of Materials and Statistical Methodology

3.1 Description of Area and Crop Covered  

The study has been conducted for Kanpur district of Uttar Pradesh, India which is

situated between 26o03' N latitude and 80o 04' E longitude. It lies in the central plain zone

of Uttar Pradesh. It has an annual rainfall of 800 1200 mm and is liberally sourced by the

Ganges and Yamuna Rivers and their tributaries. Soils are deep alluvial, medium to

medium heavy textured but are easily ploughable. The favorable climate, soil and the

availability of ample irrigation facilities make growing of rice and wheat a natural choice

for the area. Wheat crop is generally cultivated during the Rabi season because during

this period it provides a better environment for the cultivation of the wheat crop.

Data description

Yield data

Time series data on yield for wheat crop of Kanpur district of Uttar Pradesh for 33

years (1971-2003) have been collected from Directorate of Economics and Statistics,

Ministry of Agriculture, New Delhi.

Weather data

Weekly weather data (1971-2003) on the weather variables of Kanpur district of

Uttar Pradesh during the different growth phases of wheat crop have been obtained from

Central Research Institute for Dry-Land Agriculture (C.R.I.D.A.), Hyderabad. The data

have been collected up to the first 16 weeks of the crop cultivation which include 40th

standard meteorological week (SMW) to 52nd SMW of a year to 1st SMW to 3rd SMW of

the next year. The data on four weather variables viz. Maximum Temperature, Minimum

Temperature, Rainfall and Morning Relative Humidity have been used in the study. 

Crop season

Wheat is generally sown in the month of October when average daily temperature

falls around 23-25oC. Sowing of wheat when temperature is high results in poor

germination, reduced tillering and early onset of flowering and thereby exposing the
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floral parts to the cold damage. All these factors depress the crop yields. The different

crop growth phases are discussed below.

Pre-Sowing and Germination Phase

The pre-sowing phase of the crop is important because in this phase the land is

prepared for the cultivation. If the weather condition is adverse during the pre-sowing

phase the sowing of the crop is generally delayed. After sowing of the crop there comes

the germination phase. Germination generally takes 6-7 days or near about one week after

the pre-sowing phase of two to three weeks. Here in the germination phase at appropriate

temperature the embryo begins to push both the coleorhiza and coleoptile. Then the seed

coat ruptures and the coleoptile turns upwards and the coleorhiza thrusts downwards.

Then the leaves come outwards and the roots become forming below the ground.

Crown Root Development Phase

The crown root initiation occurs in wheat in 20-25 days after sowing or near about

in 3 weeks from germination. The crown root consists several nodes whereas each node

consists several coronal roots. The crown roots along with branches are principal supply

roots of the plant. During this phase plant requires a huge amount of moisture so

irrigation is required during this phase. 

Tillering Phase

This phase starts just after the crown root initiation phase and lasts up to 40-45

days after sowing or near about 2-3 weeks after crown root initiation phase. A bud

primordium lies in the leaf axil at each crown node. This bud primordium develops into

tillers.

Jointing and Reproductive Phase

Jointing phase is the peak plant growth stage, starts just after the tillering phase or

45-60 days after sowing. This is the peak vegetative stage of the crop. In this phase the

vegetative growth of the crop is completed and the crop then goes to the reproductive
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phase. The reproductive phase lasts 60-85 days after sowing or near about 4-5 weeks

after the jointing phase.   

  
3.2 Statistical Methodology Used for the Study

The primary objective of this study is to develop a suitable statistical

methodology for obtaining pre-harvest forecast models for yield of wheat crop on the

basis of discriminant function analysis. For achieving this, relationships between

meteorological data and corresponding yield data have been established by developing

regression models considering discriminant scores as the regressors along with trend.

Discriminant function analysis and Discriminant scores

Discriminant analysis is a multivariate technique concerned with separating distinct

sets of objects (or sets of observations) and allocating new objects (or observations) to the

previously defined groups. As a classificatory procedure, it is often employed in order to

investigate observed differences when causal relationships are not well understood.

The steps of discriminant analysis are

1. To develop an equation or a function using variables under consideration for

computing a new variable or index that will parsimoniously represent the

differences between various groups.

2. Use of discriminant function to classify future observations into any of the pre-

defined groups.

Thus discriminant analysis is the method of describing either graphically (in three

or fewer dimensions) or algebraically, the differential features of objects from several

known collections (or populations). This multivariate technique viz. discriminant analysis

has been discussed in many books, to mention a few, Anderson (1984), Hair et al. (1995),

Sharma (1996), Johnson and Wichern (2006) etc.

Discriminant function in case of two groups  

Consider a linear function of the form

i

p

i
i XlZ

1

  ... (1)
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here Z is discriminant score, Xi is the ith weather variable used to discriminate the groups

and il is the corresponding discriminant coefficient, p being the number of weather

variables.

The  optimal value for the weighing coefficient, il ,  is determined in such a way

that the variation between the two groups gets maximized relative to the variation within

the groups. Maximizing the ratio yields simultaneous equations of the following form

2
1 2 1 2 1 11 ......... p pl X l X X l X X d

----------------------------------------------------

----------------------------------------------------

2
1 1 2 2p p p p pl X X l X X .......... l X d

where x1, x xp are deviations from their respective group means. In matrix notation

dlS

where the discriminant dispersion matrix S =

      = ijS

where Sij is the value corresponding to the ith row and jth column of the matrix S.

l and d are column vectors of discriminant coefficients and differences in group means

respectively. The value of l can be obtained as

dSl 1

The adequacy of the function is tested with the help of 'F' test as

2

21

2121
)1pnn,p( D

p)nn(

)1pnn(nn
F

21
                   ... (2)

x x x x x

x x x

x

p

p

p

1
2

1 2 1

2
2

1

2

...............

...............

.......... ........... ............... ...........
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where, 2

1

p

i i
i

D l d (known as Mahalanobis D2 statistics), id is the difference in means

i.e. 21 ii XX for the ith variable, n1, n2 are the number of units in the two groups and

21 ii X,X are means of the ith variable for the two groups.

The discriminatory point Zc for classifying individual years into two groups is

calculated as

        ... (3)

where
p p

1 i i1 2 i i2
i 1 i 1

Z l X and Z l X and 1Z & 2Z are the corresponding group

centroids.

Discriminant function in the case of several groups

Consider a linear function of the form

1

p

i i
i

Z l X l X

where Z is discriminant function, p21 l,...,l,ll , x = (x1, x2, .....,xp), xi is the ith

weather variable used to discriminate the groups and li is the corresponding discriminant

coefficient,  p is  the number of weather variables.

Let nj be the size of jth
ijmx be the mth observation of ith

variable for jth group.  Then mean of jth group for ith variable is
n j

ij ijm
m 1j

1
x x

n
and

overall average for ith variable is given by

n jk k
j ij ijm

j 1 j 1 m 1
i k k

j j
j 1 j 1

n x x

x
n n

Z
n Z n Z

n nc
1 1 2 2

1 2
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Let 1 2 p(x , x ,......., x )x  , j 1j 2j pj( x , x ,...., x )x and i i1 i2 ik(x ,x ,...., x )x

Let B =  
k

j j
j 1

x x x x be  between group matrix of sum  of squares and

cross products and let A =
n jk

jm j jm j
j 1m 1

x - x x - x be the pooled matrix of corrected

sum of squares and sum of products and known as within group matrix of sum of squares

and sum of products . The matrices A and B are independent.

The vector l is obtained by maximizing the ratio
All

Bll
and substituting the value of

l in equation (1.1) the discriminant scores are obtained.

Determination of number of discriminant scores

The maximum number of discriminant scores that can be computed is equal to

minimum of k-1 and p (Sharma (1996)).

3.3 Development of the Forecast Model

To start with, the crop years have been divided into three groups namely

congenial, normal and adverse on the basis of crop yield adjusted for trend effect. Here

only the first 30 years data from1971 to 2000 have been utilized for model fitting and

remaining three years were left for the validation of the model. The growth process of

the crop has various phases and weeks within phases. At each phase/ week, the weather

variables corresponding to the three pre-defined groups have been used for the

development of weather scores for each year through discriminant analysis technique. In

the present study the number of groups is three and number of weather variables/indices

is 4 or more therefore only two discriminant scores will be obtained. Discriminant

analysis approach predicts the future observations qualitatively in different groups. For

quantitative forecasting, regression models are fitted by taking the discriminant scores

and the trend variable as the regressors and crop yield as the regressand. The models are

developed using stepwise regression procedure. Models are developed by adopting 2

existing procedures and 5 proposed procedures.
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Existing Procedures

The existing procedures of fitting forecast models are as follows

Procedure-1

This procedure is based on the method given by Rai and Chandrahas (2000). Here, 

the crop season is divided into four phases where each phase consists of different number

of weeks. Weather indices have been constructed separately in the different phases of the

crop growth by taking the simple average of the weekly weather variables. Then at each

phase discriminant analysis was done and two discriminant scores were obtained. In all 8

scores have been obtained for total 4 phases. Then based upon these 8 discriminant

scores, a regression model taking yield as the regressand and the discriminant scores and

the trend as the regressor variables has been fitted. The model fitted is 

2 4
9

1 1
lm lm

l m
yield ds T

where = intercept of the model

1 2 1 2 4' ( , ; , ,..., )lm s l m and 9 are the regression coefficients

dslm is the lth discriminant score obtained at mth phase and T is the trend

variable.

  is error ~ 2N 0,

Procedure-2  

This procedure is based on the method given by Agrawal et al. (1986) for

developing forecast model using weather indices. In this procedure the entire 16 weeks

data from 40th week (two weeks before the week of sowing) to 52nd week of a year and 1st

week to 3rd week of the next year have been utilized for constructing weighted and

unweighted weather indices of weather variables along with their interactions. The

weighted indices are weighted accumulations of the weather variables over weeks,

weights being the correlation coefficients between the de-trended yield and the respective

weather variable. The un-weighted indices are the simple sum of the weather variables

over the weeks. Similarly the unweighted and weighted indices of interactions between

the weather variables have been obtained using product of weather variables (taking two

at a time). In all 20 indices (10 weighted and 10 unweighted) consisting of 4 weighted
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weather indices and 6 weighted interaction indices; 4 unweighted indices and 6

unweighted interaction indices have been obtained. Considering these 20 indices and

trend as regressors and yield as dependent variable, forecast model has been developed.

The model fitted is 

1 1
0 ' '

1 0 ' 1 0

p p

ij ij ii j ii j
i j i i j

yield A a Z a Z cT

where  

Xiw is the value of the ith weather variable in wth week, riw/rii'w is correlation coefficient of

yield adjusted for trend effect with ith weather variable/product of ith and i'th weather

variable in wth week, n1 & n2 are the initial and final weeks considered in developing the

indices respectively and p is number of weather variables used.

Proposed procedures

follows

Procedure-3

In this procedure weekly data on the weather variables of 16 weeks have been

utilized. Weather data have been transformed into weather indices by taking weighted

average of each weather variable over weeks where weights are the correlation

coefficients between detrended yield and respective weather variables in different weeks.

Total four indices are calculated and then two discriminant scores have been obtained

from these four indices. For developing regression model these two scores along with the

trend variable are utilized as the regressors and the yield as the regressand. The model

fitted is 

1 1 2 2 3yield ds ds T

where = intercept of the model

)3,2,1(' isi = the regression coefficients

2

1

2

1

' ' '

n

ij
w n
n

ii j
w n

j
iw iw

j
ii w iw i w

Z r X

Z r X X
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ds1 and ds2 are the two discriminant scores and T is the trend variable. 

is error ~ 2N 0,

Procedure-4

Here as in procedure-1, the crop season is divided into four phases where each

phase consists of different number of weeks. From the weather data on four weather

variables spread over four different weeks during the first phase, 4 weather indices have

been computed by taking weighted average of each weather variable over weeks where

weights are the correlation coefficients between detrended yield and respective weather

variable. Similarly for the next phase again 4 indices were obtained and this process is

continued up to the last phase (jointing and reproductive phase). In all a total of sixteen

weather indices were obtained.

Then based upon the 16 weather indices obtained from the four phases

discriminant function analysis has been done and finally two scores have been obtained. 

These scores along with the trend variable as the regressors and the yield as the

regressand are utilized for developing regression model. The model fitted is 

Tdsdsyield 32211

where = intercept of the model

)3,2,1(' isi = the regression coefficients

ds1 and ds2 are the two discriminant scores and T is the trend variable. 

  is error ~ 2N 0,

Procedure-5  
In this procedure discriminant scores have been computed using the weather

variables available for the first week (here 40th SMW is taken as the first week). At the

second week (41st SMW), the weather variables available as well as the scores computed

at the first week (40th SMW) have been used as discriminator variables so there were 6

discriminator variables and based on these 6 discriminator variables, the discriminant

analysis has been done and two discriminant scores have been obtained. Then same

computation has been repeated in the third week (42nd SMW). The procedure has been

repeated up to the last week and at the last week (3rd SMW or 16th week) two

discriminant scores have been obtained. Based on these two scores obtained at the 16th
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week the regression model taking yield as the regressand and the discriminant scores and

the trend as the regressor variables has been fitted. The model fitted here is 

Tdsdsyield 32211

where = intercept of the model

)3,2,1(' isi = the regression coefficients

ds1 and ds2 are the two discriminant scores and T is the trend variable. 

  is error ~ 2N 0,

Procedure-6

In this procedure the whole weekly data of 16 weeks of the different crop growth

phases have been used together. Here weighted as well as the un-weighted indices have

been constructed. The weighted weather indices are computed as described in the

Procedure-3 by taking the correlation coefficients between the de-trended yield and the

respective weather variable as the weights. The un-weighted indices are the simple

average of the week wise data of the weather variables available up to the last week. So

total 8 weather indices have been obtained in which 4 are weighted and the rest 4 are

unweighted. Now based on these 8 indices the discriminant analysis has been done and

two scores have been obtained. On the basis of the two scores the regression model has

been fitted taking the yield as the regressand and the two scores and the trend as the

regressors. The model fitted here is 

Tdsdsyield 32211

where = intercept of the model

)3,2,1(' isi = the regression coefficients

ds1 and ds2 are the two discriminant scores and T is the trend variable. 

  is error ~ 2N 0,

Procedure-7

In this procedure the weighted and unweighted indices of weather variables and

their interactions have been considered, which were obtained by taking averages of the

corresponding totals in procedure 2. A total of 20 indices were obtained and using
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these, two discriminant scores have been calculated. Regression model has been fitted

taking the yield as the regressand variable and the two scores and the trend as the

regressor variables. The model fitted here is 

Tdsdsyield 32211

where = intercept of the model

)3,2,1(' isi = the regression coefficients

ds1 and ds2 are the two discriminant scores and T is the trend variable. 

  is error ~ 2N 0,

3.4 Procedures for the comparison and validation of different models

Different procedures have been used in the present study for the comparison and

the validation of the models developed. These procedures are given bellow

R2 (Coefficient of Determination)

It is in general used for checking the adequacy of the model. R2 is given by the

following formula

t

res

ss

ss
R 12

where ssres and sst are the residual sum of square and the total sum of square

respectively. 

R2 never decreases when a regressor is added to the model, regardless of the value

of the contribution of the variable to the model. Therefore, it is difficult to judge whether

an increase in R2 is really telling any thing important. So it is preferable to use Adjusted

R2 when models to be compared are based on different number of regressors. Adjusted

R2 is given by the following formula

)1/(

)/(
12

nss

pnss
R

t

res
adj    

where ssres /(n-p) is the residual mean square and sst /(n-1) is the total mean square. The

total mean square is constant regardless of how many variables are in the model. On

adding a regressor in the model Adjusted R2 increases only if the addition of the regressor
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reduces the residual mean square. It also penalizes for adding terms that are not helpful,

so it is very important in evaluating and comparing the candidate regression models.

Percent Deviation  

This measures the deviation (in percentage) of forecast from the actual yield data.

The formula for calculating the percent deviation of forecast is given below

( )
100

actual yield forecasted yield
percentage deviation

actual yield

Percent Standard Error of the forecast

Let fy be forecast value of crop yield and 0 be the selected value of X. 

Define xo = (1, 0 ) then variance of  fy as given in Draper and Smith (1998) is obtained

as

2 1
f 0 0V(y ) ( )x X X x

where X X is the dispersion matrix of the sum of square and cross products of regressors

and

2 V

ff yVySE )(

Then Percent S.E. =
( ) 100fSE y

forecast

Root Mean Square Error (RMSE)

It is also a measure of comparing two models. The formula of RMSE is given

bellow

2
1

]
1

}2)(
1

[{
n

i
iEiO

n
RMSE

Oi and the Ei are the observed and forecasted value of the crop yield respectively and n is

the number of years for which forecasting has been done. 
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3. RESULTS AND DISCUSSION

In the present study, discriminant function analysis has been performed for

developing forecast models for wheat yield in Kanpur district of Uttar Pradesh. For this,

thirty years yield data (1971-2000) have been classified into three groups namely

congenial, normal or adverse on the basis of crop yield adjusted for the trend effect. The

grouping is done taking higher yields above normal range lying beyond 10% of the

re

or adverse

to crop yield are 11, 8 and 11 respectively. Data on weather variables corresponding to

these respective years have been taken for development of the discriminant scores.

4.1 Distribution of the weather variables

The distribution of the weather variables spread over 16 weeks from 1st October

up to 3rd week of January is given in Appendix (Table 4.1) for the four weather variables

namely Maximum Temperature (X1), Minimum Temperature (X2), Rainfall (X3),

Morning Relative Humidity (X4). The th standard
st SMW and so on and

the 16th rd SMW of the next year. Hereafter these data (40th

SMW to 52nd SMW and 1st to 3rd SMW) will be denoted as data corresponding to week

Maximum temperature

The average daily maximum temperature during the pre-sowing and germination

phase of wheat crop was found to be 32.7ºC. It continued to decline to about 20ºC till the

end of the jointing & reproductive phase. The maximum temperature showed a

decreasing trend during the crop season.

Minimum temperature

The average daily minimum temperature at 1st week (pre-sowing and germination

phase) was around 22ºC. It continued to decline to 7ºC at the end of the jointing &

reproductive phase. Thus minimum temperature also showed a decreasing trend during

crop season.
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Rainfall

The average daily rainfall during the pre-sowing and germination phase varied

between 0.03 to18.69 mm/day, during crown root initiation phase it varied between 0.7 to

1.8 mm/day, during tillering phase it varied between 1.5 to 3.3 mm/day and in jointing &

reproductive phase it varied between 0.76 to 3.84 mm/day. 

Relative humidity (Morning)

The average daily relative humidity was found to decrease from 76.4 to 69.8 %

during the pre-sowing and germination phase. There was a slight decrease in the daily

average relative humidity during the crown root initiation phase and thereafter it has

shown increasing trend during tillering phase and during the jointing & reproductive

phase reaching a maximum of 84.2 %. 

4.2 Computation of weights used for construction of weather indices

The correlation coefficients between the detrended yield and the respective

weather variables in different weeks are given in the following Table 4.2

Table 4.2: Correlation coefficients of detrended yield with weather variables

Week No. X1 X2 X3 X4

1 -0.154 -0.125 -0.018 -0.087
2 -0.176 -0.320 0.174 -0.265
3 -0.201 -0.324 -0.129 -0.232
4 -0.067 -0.255 -0.087 -0.171
5 -0.171 0.150 0.157 0.450
6 -0.102 -0.099 -0.009 0.408
7 0.009 0.277 0.082 0.631
8 -0.052 0.220 0.163 0.506
9 -0.244 -0.001 0.082 0.564
10 -0.047 0.005 -0.079 0.254
11 0.207 0.139 -0.164 0.347
12 0.143 0.053 -0.261 0.196
13 0.191 0.080 -0.314 0.296
14 0.016 0.033 -0.090 0.150
15 0.202 0.162 -0.127 0.094
16 0.253 0.278 0.031 0.226
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4.3 Fitting of forecast models

Regression models via step-wise regression have been fitted taking yield as the

dependent variable and the discriminant scores/weather indices and trend variable as the

regressors. Models have been fitted for each of the 7 procedures (two existing and 5

proposed) as described in Chapter III. The weather indices and discriminant scores

computed in all the seven procedures are given in the Appendix in various Tables (4.3.1

to 4.3.8). Phasewise unweighted & weighted indices are given in Tables 4.3.1 to 4.3.4.

O Tables 4.3.5 & 4.3.6.

Phasewise discriminant scores used under existing procedure-1 are given in Table 4.3.7

whereas discriminant scores under the proposed procedures (3-7) are given in Table

4.3.8. Models under various procedures are given in Table 4.3.9.

Procedure-1  

In this procedure phase wise unweighted indices (average), obtained from the

corresponding totals given in Table 4.3.1, 4.3.2, 4.3.3 and 4.3.4, have been used. The

discriminant scores obtained are given in Table 4.3.7. The fitted model is given in Table

4.3.9.The discriminant scores ds11, ds12, ds23 and the trend variable were found

significant. The value of coefficient of determination in this model is 0.91.

Procedure-2

The unweighted and weighted indices for each weather variable and their

interactions (Table 4.3.5 and 4.3.6) have been used in this procedure. The fitted model is

given in Table 4.3.9. The weighted indices corresponding to maximum temperature, 

minimum temperature, interaction between maximum temperature & relative humidity

and the trend variable were found significant. The value of coefficient of determination in

this model is 0.94.

Procedure-3

In this procedure four average weighted weather indices (obtained by dividing the

corresponding weighted accumulations in Table 4.3.5 by sum of corresponding

correlation coefficients) are used for the construction of two discriminant scores which

are given in Table 4.3.8. The fitted model is given in Table 4.3.9. The discriminant score
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ds1 and trend T were found significant. The value of coefficient of determination in this

model is 0.92.

Procedure-4

In this procedure phase wise average weighted indices (obtained by dividing the

corresponding weighted accumulations in Table 4.3.1, 4.3.2, 4.3.3 and 4.3.4 by sum of

corresponding correlation coefficients) have been used.  The discriminant scores obtained

are given in Table 4.3.8 and the fitted model is given in Table 4.3.9. The discriminant

score ds2 and trend T were found significant. The value of coefficient of determination in

this model is 0.93.

Procedure-5

The discriminant scores obtained are given in Table 4.3.8 and the fitted model is

given in Table 4.3.9. All the three regressors, two discriminant scores ds1 & ds2 and

trend, were found significant. The value of coefficient of determination in this model is

0.95.

        
Procedure-6

In this procedure four average unweighted and four average weighted indices

were computed by dividing corresponding totals in Table 4.3.5 by the respective sum of

correlation coefficients. Discriminant function analysis was performed on these 8 indices

and two discriminant scores were obtained which are given in Table 4.3.8. The fitted

model is given in Table 4.3.9. The discriminant score ds2 and the trend variable T were

found significant. The value of coefficient of determination in this model is 0.94.                                       

Procedure-7  

The average unweighted and weighted indices for each weather variable and their

interactions (obtained by dividing the corresponding weighted accumulations given in

Table 4.3.5 & 4.3.6) have been used in this procedure. Based on these 20 indices two

discriminant scores have been obtained which are given in Table 4.3.8. The fitted model

is given in Table 4.3.9.The discriminant score ds1 and the trend variable T were found

significant.  The value of coefficient of determination in this model is 0.96. 
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4.4 Comparison of the Models Fitted

From the fitted models wheat yield forecasts for the years 2001, 2002 and 2003

were obtained. To select the best procedure, the performance of the models has been

compared on the basis of various statistics viz. Adjusted R2, Percent Deviation of forecast

from the observed yield, Percent Standard Error of the Forecast (PSE) and the Root Mean

Square Deviation (RMSE). These statistics are given in the following Table 4.4.1.

Table 4.4.1: Comparison of procedures

A perusal of the above results shows that Adjusted R2 varied from a minimum of

0.90 in procedure-1 to a maximum of 0.95 in procedure-5 and procedure-7. Percent

Deviation of forecasts from the observed yield varied from 7.13 to 13.32 in procedure-1,

0.65 to 9.58 in procedure-2, 3.62 to 9.89 in procedure-3, 0.003 to 7.68 in procedure-4,

1.12 to 5.56 in procedure-5, 1.70 to 9.95 in procedure-6 and 8.35 to 11.96 in procedure-7

Procedure Adj-R2 Forecast
year

Observed
yield  

Forecast Percent
Deviation

% SE RMSE

1 0.90 2000-01
2001-02
2002-03

32.14
29.64
33.36

35.37
33.58
36.73

10.05
13.32
7.13

1.23
1.13
1.29

3.25

2 0.93 2000-01
2001-02
2002-03

32.14
29.64
33.36

35.22
30.57
33.58

9.58
3.14
0.65

2.53
3.50
2.77

1.86

3 0.92 2000-01
2001-02
2002-03

32.14
29.64
33.36

35.32
31.59
34.57

9.89
6.41
3.62

2.38
2.82
2.49

2.25

4 0.93 2000-01
2001-02
2002-03

32.14
29.64
33.36

34.61
28.79
33.36

7.68
2.68
0.003

1.94
5.63
2.40

1.51

5 0.95 2000-01
2001-02
2002-03

32.14
29.64
33.36

30.69
29.31
35.22

4.48
1.12
5.56

2.25
3.92
1.90

1.37

6 0.92 2000-01
2001-02
2002-03

32.14
29.64
33.36

35.33
30.33
33.93

9.92
2.33
1.70

3.09
5.31
3.92

1.91

7 0.95 2000-01
2001-02
2002-03

32.14
29.64
33.36

35.98
32.32
36.15

11.96
9.06
8.35

1.78
2.72
3.37

3.14
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for the three years. Percent standard error of the forecasts varied from 1.13 to 1.29 in

procedure-1, 2.53 to 3.50 in procedure-2, 2.38 to 2.82 in procedure-3, 1.94 to 5.63 in

procedure-4, 1.90 to 3.92 in procedure-5, 3.09 to 5.31 in procedure-6 and 1.78 to 3.37 in

procedure-7.  In all the procedures percent standard error of forecast were less than 5 %

in all the years except for forecast in the year 2001-02 using procedure-4 (5.63) and

procedure-6 (5.31). The RMSE varied from a minimum 1.37 in procedure-5 to a

maximum of 3.25 in procedure-1.

The results reveal that the values of adjusted R2 in all the procedures are greater than 0.90

and almost the same. The value of percent standard error in procedure-5 is consistently

less than 5 % and it also has the minimum RMSE among all procedures considered. It is

also seen that Percent Deviation of forecast from observed yield in procedure-5 is around

5 % for all the forecasts for the years 2000-01, 2001-02 and 2002-03 whereas in all other

procedures it is more than 5 % for one or more years. Thus it is concluded that procedure-

5 is the most suitable procedure among the various procedures studied for forecasting of

wheat yield in Kanpur district of Uttar Pradesh.
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SUMMARY  

Timely and reliable forecasts of the crops are vital for an agrarian economy. Crop

yield forecasts are important for advance planning, formulation and implementation of

policies related to the crop procurement, distribution, price structure and import export

decisions etc. Various approaches for crop yield forecasting have been developed by

research workers in the past. In the present study discriminant function analysis approach

has been studied for forecasting of wheat yield based on weather variables. The study is

done for Kanpur district of Uttar Pradesh.

The study was planned with two objectives. Under the first objective, 7 different

procedures (2 existing and 5 proposed) of developing models for forecasting of crop yield

were studied. Models have been fitted by taking crop yield as dependent variable and

discriminant scores/weather indices and trend variable as regressors. Step-wise regression

procedure has been used for developing the model. 

Under the second objective evaluation of the performance of the models developed

using the 7 procedures envisaged in the objective one, is done by comparing various

statistics viz. Adjusted R2, Percent Deviation of forecast from observed yield, Percent

Standard Error of the Forecast (PSE) and the Root Mean Square error (RMSE) of the

forecasts obtained under different procedures. 

In Review of Literature the review of work done on pre-harvest forecasting of crop

yield is given. In Description of Materials and Statistical Methodology the materials used

for the present study, procedures used for the construction of weather indices and

discriminant scores which have been used for fitting of forecast models have been described.

For the present study, time series data on yield of wheat crop for Kanpur district of Uttar

Pradesh for 33 years (1971-2003) have been collected from Directorate of Economics and

Statistics, Ministry of Agriculture, Government of India, New Delhi. Week wise weather data

for corresponding years have been collected from Central Research Institute for Dry-Land

Agriculture, Hyderabad. As pre-sowing weather is important for establishment of the crop,

data starting from a fortnight before sowing (40th standard meteorological week: SMW) have
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been included in model development. Further, as the objective was to forecast yield well in

advance of harvest, data beyond 16th week (starting from pre sowing) have not been

considered. Thus the data included in model development correspond to the first 16 weeks of

the crop cultivation (starting from two weeks before sowing) which include 40th SMW to

52nd SMW of a year to 1st SMW to 3rd SMW of the next year. The data on four weather

variables viz. Maximum Temperature, Minimum Temperature, Rainfall and Morning

Relative Humidity have been used in the study.  

The crop years have been categorized as congenial, normal or adverse with respect

to yield. Discriminant function analysis has been carried out on the basis of data on weather

indices in these three groups. Weighted/unweighted weather indices were constructed

using weekly weather variables. Regression models were fitted using discriminant

scores/weather indices along with trend variable as regressors.

The results obtained are described in Result and Discussion. The models were

fitted using the first 30 years data (1971-2000) and remaining three years were left for the

validation purpose.  The procedure found to be most suitable for forecasting of wheat yield

is based on the Discriminant Function Analysis approach (procedure-5). In this procedure

discriminant scores have been computed using the weather variables available for the first

week (here 40th SMW is taken as the first week). At the second week (41st SMW), the

weather variables available as well as the scores computed at the first week (40th SMW)

have been used as discriminator variables so there were 6 discriminator variables and based

on these 6 discriminator variables, the discriminant analysis has been done and two

discriminant scores have been obtained. The same computation has been repeated in the

third week (42nd SMW). The procedure has been repeated up to the last week and at the last

week (3rd SMW or 16th week) two discriminant scores have been obtained. Based on these

two scores obtained at the 16th week the regression model has been fitted taking yield as the 

regressand and the discriminant scores and the trend as the regressor variables.

The coefficient of determination (R2) obtained under this procedure was 0.95, the

percent deviation of forecast from observed yield for the three years 2000-01, 2001-02 and

2002-03 varied between 1.12 and 5.56, Percent standard error of the forecast varied
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between 1.90 and 3.92 and RMSE was found 1.37 which is minimum among all the

procedures studied.

It is concluded that procedure-5 can be taken as the best procedure among the

various procedures considered in this study for forecasting of wheat yield for Kanpur

district of Uttar Pradesh.
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Appendix

Table 4.1: Mean values of the weather variables during crop growth phases

Growth
Phase

Week
No.

Maximum
temp. (oC)

Minimum
temp.(oC)

Rainfall
(mm)

Relative
humidity(%)

Pre-sowing
and
Germination  
Phase

1
32.66
(1.65)

21.91
(1.98)

16.82
(32.23)

76.36
(13.72)

2
32.58
(2.12)

20.88
(1.96)

18.69
(56.24)

73.79
(10.29)

3
32.21
(1.59)

19.10
(2.22)

7.30
(21.54)

70.28
(9.99)

4
31.39
(1.56)

17.47
(1.81)

0.03
(0.17)

69.81
(8.88)

Crown root
Initiation  
Phase

5
30.61
(1.36)

15.60
(1.59)

0.86
(2.88)

67.85
(8.00)

6
29.40
(1.75)

14.12
(1.52)

1.78
(6.49)

67.14
(11.29)

7
28.38
(1.70)

13.15
(1.62)

0.70
(3.66)

69.70
(11.75)

Tillering
Phase

8
27.08
(1.01)

12.09
(2.17)

1.49
(4.59)

70.34
(11.91)

9
25.36
(1.52)

10.47
(2.02)

3.32
(10.35)

71.37
(11.82)

10
24.28
(1.29)

9.26
(1.48)

2.30
(11.02)

74.83
(7.46)

Jointing and  
Reproductive
Phase

11
23.85
(1.71)

8.82
(1.93)

1.45
(5.53)

76.65
(9.60)

12
22.51
(1.96)

8.34
(1.77)

0.76
(1.78)

80.10
(8.51)

13
21.25
(2.49)

7.77
(1.61)

3.84
(7.82)

82.31
(7.90)

14
20.02
(2.80)

6.96
(1.86)

2.78
(10.68)

83.24
(6.98)

15
20.28
(2.82)

7.50
(2.03)

2.82
(6.13)

84.18
(8.49)

16
20.47
(2.57)

7.14
(2.21)

3.41
(11.01)

83.57
(7.89)

  
NOTE: Figures in brackets indicate the Standard Deviations.
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Table 4.3.1: Unweighted and weighted weather indices: phase-1

Year Unweighted Weighted
Z10 Z 20 Z 30 Z 40 Z11 Z 21 Z 31 Z 41

1971 119.80 83.90 133.00 344.00 -17.90 -21.30 -10.93 -64.40
1972 127.80 79.20 15.90 276.00 -19.31 -20.05 -0.25 -51.29
1973 122.80 85.90 25.00 359.00 -18.46 -21.58 0.32 -67.22
1974 133.40 88.30 99.30 329.00 -20.15 -22.99 -1.33 -63.67
1975 131.00 86.90 72.60 319.00 -19.61 -21.95 -1.31 -59.49
1976 137.20 77.00 0.00 272.00 -20.47 -19.37 0.00 -50.77
1977 127.60 85.50 1.00 286.00 -19.14 -21.63 -0.02 -52.58
1978 128.80 75.50 0.00 281.00 -19.34 -18.85 0.00 -51.52
1979 139.20 79.30 0.00 205.00 -21.00 -20.11 0.00 -37.88
1980 127.00 85.90 45.00 285.00 -18.93 -21.90 7.83 -54.51
1981 127.60 75.10 0.00 299.00 -19.16 -18.78 0.00 -55.13
1982 128.70 78.90 3.80 272.00 -19.20 -20.34 0.40 -52.22
1983 121.00 80.20 103.70 322.00 -18.15 -19.88 16.89 -61.16
1984 131.00 78.30 8.20 286.00 -19.53 -19.96 -1.06 -53.03
1985 113.10 78.10 367.40 334.00 -16.75 -19.43 49.82 -63.70
1986 124.20 79.00 21.90 301.00 -18.71 -19.98 0.05 -56.72
1987 130.60 83.00 82.60 270.00 -19.81 -21.05 -10.58 -51.38
1988 129.70 76.90 3.10 266.00 -19.34 -18.87 -0.06 -48.82
1989 130.30 78.60 32.70 270.00 -19.55 -19.71 -0.59 -49.78
1990 129.80 79.90 12.60 288.00 -19.56 -20.19 1.73 -54.41
1991 133.10 65.10 0.00 222.00 -20.03 -16.56 0.00 -42.65
1992 128.10 76.90 114.60 282.00 -19.16 -19.67 19.94 -55.21
1993 133.50 74.90 0.00 269.00 -20.18 -18.56 0.00 -49.89
1994 132.70 67.50 0.00 245.00 -19.89 -16.96 0.00 -46.12
1995 137.40 79.40 0.00 252.00 -20.68 -19.97 0.00 -46.55
1996 128.40 78.80 66.00 303.00 -19.47 -19.64 -1.19 -55.58
1997 122.40 74.60 61.60 320.00 -18.59 -19.12 -1.11 -59.51
1998 131.00 91.20 0.00 292.00 -19.64 -23.16 0.00 -54.62
1999 127.90 83.20 137.00 326.00 -19.03 -21.39 -2.47 -60.69
2000 138.20 79.70 0.20 311.00 -20.72 -19.93 0.03 -58.11
2001 123.51 68.91 5.71 331.81 -18.50 -17.43 -0.08 -61.74
2002 129.01 82.34 0.80 268.29 -19.31 -21.29 0.12 -51.66
2003 126.04 80.96 0.14 292.07 -19.04 -20.50 0.00 -54.56
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Table 4.3.2: Unweighted and weighted weather indices: phase-2

Year Unweighted Weighted
Z10 Z 20 Z 30 Z 40 Z11 Z 21 Z 31 Z 41

1971 82.50 42.90 0.00 240.00 -7.36 4.89 0.00 119.16
1972 86.50 43.10 0.40 214.00 -7.42 4.92 0.06 71.33
1973 80.70 42.80 0.00 237.00 -7.41 4.15 0.00 78.52
1974 90.20 38.60 0.00 84.00 -8.09 4.14 0.00 27.22
1975 88.30 37.60 0.00 212.00 -7.84 3.94 0.00 69.85
1976 93.40 44.00 0.00 193.00 -8.46 4.63 0.00 63.23
1977 91.70 51.00 58.00 197.00 -8.24 5.12 3.71 65.45
1978 87.60 47.80 0.00 210.00 -7.97 5.54 0.00 71.10
1979 96.60 50.20 0.00 186.00 -8.59 5.84 0.00 61.91
1980 85.90 43.80 0.00 197.00 -7.88 4.56 0.00 65.55
1981 79.70 43.80 8.60 238.00 -7.26 4.72 1.35 80.65
1982 83.60 49.60 34.20 228.00 -7.60 5.39 0.39 76.01
1983 83.10 37.20 0.00 224.00 -7.57 3.96 0.00 75.54
1984 87.20 36.40 0.00 212.00 -7.86 3.88 0.00 71.64
1985 85.40 42.70 0.00 222.00 -7.82 4.36 0.00 74.78
1986 89.30 45.00 0.00 218.00 -7.78 5.18 0.00 72.58
1987 89.60 44.70 0.00 206.00 -8.11 4.72 0.00 69.23
1988 89.00 44.00 0.00 201.00 -8.04 4.78 0.00 67.45
1989 90.70 39.80 0.00 186.00 -8.13 4.53 0.00 61.69
1990 89.80 40.20 0.00 198.00 -7.91 4.28 0.00 66.51
1991 85.10 39.60 7.00 203.00 -8.00 4.11 0.12 68.67
1992 87.50 43.10 0.00 216.00 -7.84 5.28 0.00 72.45
1993 91.20 41.70 0.00 185.00 -8.24 4.13 0.00 62.24
1994 91.10 39.60 0.00 189.00 -8.21 4.19 0.00 63.64
1995 93.30 37.80 0.00 176.00 -8.40 4.33 0.00 59.20
1996 95.20 38.00 0.00 166.00 -8.51 3.97 0.00 55.69
1997 82.70 42.90 1.20 225.00 -7.46 4.69 0.19 74.61
1998 86.70 45.60 0.00 218.00 -8.05 4.25 0.00 73.22
1999 93.40 41.70 0.00 204.00 -8.43 4.18 0.00 67.70
2000 94.00 41.70 0.00 245.00 -8.43 4.19 0.00 81.97
2001 88.10 42.94 0.00 221.00 -8.04 4.67 0.00 73.39
2002 87.53 46.97 0.69 202.50 -8.07 4.76 0.00 67.65
2003 90.11 47.99 0.14 201.29 -8.25 4.98 0.00 67.81
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Table 4.3.3: Unweighted and weighted weather indices: phase-3

Year Unweighted Weighted
Z10 Z 20 Z 30 Z 40 Z11 Z 21 Z 31 Z 41

1971 76.20 33.00 0.00 242.00 -8.72 2.68 0.00 106.80
1972 74.40 38.20 6.00 259.00 -8.05 3.10 -0.01 113.15
1973 73.90 31.30 0.30 238.00 -8.59 2.52 0.00 104.99
1974 73.90 29.70 0.00 121.00 -8.61 2.44 0.00 44.88
1975 74.40 25.20 0.00 232.00 -8.28 1.82 0.00 102.94
1976 80.70 36.80 0.00 200.00 -9.44 3.34 0.00 88.65
1977 76.70 38.20 28.00 211.00 -8.80 3.40 3.51 93.88
1978 71.70 36.10 2.70 221.00 -7.98 3.56 0.00 96.17
1979 73.50 45.30 42.90 233.00 -8.19 3.84 0.44 103.48
1980 77.40 35.50 0.00 214.00 -9.11 2.87 0.00 93.27
1981 73.80 29.50 6.00 249.00 -8.70 2.30 0.03 109.83
1982 75.90 33.50 0.00 209.00 -8.51 3.21 0.00 92.45
1983 74.40 29.60 0.00 245.00 -8.53 2.30 0.00 108.18
1984 75.90 30.80 0.00 237.00 -8.47 2.68 0.00 103.28
1985 77.50 31.70 0.00 224.00 -8.88 2.74 0.00 97.98
1986 78.20 32.40 1.30 225.00 -9.19 2.17 0.00 97.15
1987 79.00 28.30 0.00 198.00 -9.17 2.42 0.00 86.76
1988 76.30 30.80 0.00 197.00 -8.57 2.61 0.00 85.70
1989 77.60 30.40 3.00 211.00 -8.66 2.82 0.00 93.92
1990 76.90 29.60 1.40 205.00 -8.87 2.80 0.31 89.67
1991 76.10 29.30 0.00 212.00 -8.77 2.30 0.00 93.71
1992 74.80 34.30 10.00 248.00 -8.30 3.19 2.20 110.82
1993 79.70 32.80 0.00 201.00 -9.07 2.70 0.00 86.58
1994 81.20 32.50 0.90 224.00 -9.45 2.33 0.00 97.84
1995 77.20 23.60 0.00 176.00 -8.62 2.20 0.00 77.05
1996 82.40 25.70 0.00 174.00 -9.51 2.12 0.00 75.94
1997 70.20 40.80 126.80 253.00 -7.90 3.18 4.58 112.09
1998 80.80 31.60 0.00 203.00 -9.31 2.72 0.00 88.36
1999 79.80 22.40 5.40 216.00 -9.05 1.68 0.03 93.00
2000 79.60 26.90 0.00 241.00 -8.85 2.62 0.00 108.11
2001 77.91 31.30 0.00 229.79 -8.87 2.77 0.00 99.76
2002 78.57 31.14 0.00 190.93 -8.85 2.79 0.00 84.23
2003 75.07 31.79 0.14 206.07 -8.44 2.76 0.01 89.53
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Table 4.3.4: Unweighted and weighted weather indices: phase-4

Year Unweighted Weighted
Z10 Z 20 Z 30 Z 40 Z11 Z 21 Z 31 Z 41

1971 128.10 43.50 0.00 515.00 21.71 5.35 0.00 113.02
1972 135.20 62.00 8.70 496.00 23.01 7.97 -1.10 109.27
1973 125.40 39.60 0.00 478.00 21.21 5.14 0.00 104.49
1974 120.00 46.80 11.80 496.00 20.74 5.67 -2.61 106.66
1975 132.90 46.90 0.50 489.00 22.32 5.83 0.02 105.53
1976 135.90 43.90 5.30 427.00 22.89 5.54 -0.39 92.17
1977 131.00 46.50 8.40 457.00 22.56 5.61 -2.57 98.79
1978 133.50 54.40 11.20 487.00 22.43 7.51 0.35 107.14
1979 131.80 51.80 2.00 460.00 22.82 6.35 -0.55 100.59
1980 121.70 54.80 42.70 506.00 20.17 6.20 -12.55 109.21
1981 131.00 43.40 2.40 522.00 21.99 5.13 -0.22 112.96
1982 121.60 44.90 11.70 515.00 20.94 5.27 -3.67 109.91
1983 125.50 51.50 28.60 528.00 21.18 6.37 -6.01 116.21
1984 130.60 48.70 19.00 482.00 22.46 6.17 -0.64 101.13
1985 129.90 45.80 2.60 506.00 22.29 5.63 0.08 108.93
1986 126.70 53.60 14.80 511.00 21.34 7.16 -2.38 110.72
1987 131.00 52.50 11.00 526.00 22.06 6.50 -1.72 113.87
1988 131.70 50.80 36.50 508.00 21.91 5.30 -6.04 109.77
1989 131.80 49.60 4.60 499.00 23.15 6.79 -1.10 108.68
1990 129.30 40.10 9.60 460.00 22.29 4.78 -2.59 100.02
1991 129.00 51.60 18.80 499.00 22.13 6.05 -5.62 109.32
1992 134.40 51.40 0.00 483.00 22.32 6.04 0.00 106.29
1993 136.20 49.30 19.90 484.00 22.51 6.18 -1.66 104.76
1994 127.90 41.10 16.20 457.00 21.32 5.33 -2.06 94.76
1995 140.40 51.40 145.00 419.00 23.46 6.37 -7.79 87.84
1996 143.00 34.10 0.00 391.00 23.94 4.12 0.00 84.65
1997 117.40 44.80 31.60 501.00 19.86 5.42 -5.33 110.27
1998 117.30 38.70 18.20 515.00 18.93 4.48 -1.64 111.43
1999 131.90 36.90 1.60 509.00 23.45 4.84 -0.20 109.20
2000 129.90 27.20 0.00 532.00 22.81 2.96 0.00 113.79
2001 128.99 38.10 0.07 484.21 22.33 4.78 0.00 105.02
2002 107.53 43.46 2.97 493.00 17.93 4.35 -0.81 104.32
2003 107.46 56.30 11.14 536.79 19.22 7.55 -1.94 115.59
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Table 4.3.5: Unweighted and weighted indices of weather variables (Based on 16 weeks)

year Unweighted Weighted
Z 10 Z 20 Z 30 Z 40 Z11 Z 21 Z 31 Z 41

1971 406.60 203.30 133.00 1341.00 -12.26 -3.95 -7.56 221.15
1972 423.90 222.50 31.00 1245.00 -11.75 -0.68 -0.93 220.84
1973 402.80 199.60 25.30 1312.00 -13.24 -5.15 0.47 214.07
1974 417.50 203.40 111.10 1030.00 -16.09 -6.80 -1.66 79.55
1975 426.60 196.60 73.10 1252.00 -13.39 -6.50 -0.75 202.39
1976 447.20 201.70 5.30 1092.00 -15.47 -1.92 -0.41 178.42
1977 427.00 221.20 95.40 1151.00 -13.62 -2.92 4.24 190.00
1978 421.60 213.80 13.90 1199.00 -12.86 1.34 0.50 201.60
1979 441.10 226.60 44.90 1084.00 -14.95 0.10 2.88 203.19
1980 412.00 220.00 87.70 1202.00 -15.74 -4.28 -4.77 187.49
1981 412.10 191.80 17.00 1308.00 -13.12 -2.63 0.71 226.89
1982 409.80 206.90 49.70 1224.00 -14.35 -2.75 -3.27 202.67
1983 404.00 198.50 132.30 1319.00 -13.06 -3.41 11.27 219.83
1984 424.70 194.20 27.20 1217.00 -13.39 -4.43 -1.44 205.88
1985 405.90 198.30 370.00 1286.00 -11.16 -2.76 51.94 201.50
1986 418.40 210.00 38.00 1255.00 -14.34 -1.28 -2.12 200.45
1987 430.20 208.50 93.60 1200.00 -15.02 -3.37 -9.09 188.66
1988 426.70 202.50 39.60 1172.00 -14.02 -2.77 -6.68 185.59
1989 430.40 198.40 40.30 1166.00 -13.18 -1.84 -1.32 188.80
1990 425.80 189.80 23.60 1151.00 -14.04 -4.14 -0.59 185.55
1991 423.30 185.60 25.80 1136.00 -14.66 -1.57 -5.88 197.54
1992 424.80 205.70 124.60 1229.00 -12.96 -1.48 22.06 218.92
1993 440.60 198.70 19.90 1139.00 -14.96 -2.09 -2.01 177.51
1994 432.90 180.70 17.10 1115.00 -16.23 -1.76 -2.50 185.57
1995 448.30 192.20 145.00 1023.00 -14.23 -3.60 -8.57 158.76
1996 449.00 176.60 66.00 1034.00 -13.54 -5.20 -0.69 152.14
1997 392.70 203.10 221.20 1299.00 -14.08 -1.96 -4.17 221.76
1998 415.80 207.10 18.20 1228.00 -18.07 -6.84 -1.61 194.23
1999 433.00 184.20 144.00 1255.00 -13.05 -6.51 -2.11 189.00
2000 441.70 175.50 0.20 1329.00 -15.18 -5.21 0.04 225.21
2001 418.70 181.60 5.80 1203.00 -13.06 -1.42 -0.04 202.91
2002 402.50 204.00 4.50 1154.70 -18.27 -5.29 -0.74 179.48
2003 398.70 216.90 11.60 1236.20 -16.52 -2.06 -2.03 189.04
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Table 4.3.6(a): Unweighted indices of interactions of weather variables

Z120 Z130 Z140 Z230 Z240 Z340

5641.28 3869.42 34046.50 2920.58 17073.10 11893.10

6105.95 855.37 32528.20 534.04 16970.00 2495.10

5500.57 753.98 33191.30 602.91 16707.80 2328.70

5667.94 3599.67 26330.80 2431.77 13463.80 9710.20

5674.28 2311.62 33248.30 1775.74 15422.10 6358.70

6110.10 113.70 30374.40 40.77 13690.80 425.40

6453.62 2710.88 30484.10 1477.14 15770.80 6591.00

5963.13 296.49 31264.90 171.75 15841.50 1227.90

6746.46 1055.85 28871.70 746.54 14680.40 3807.20

5910.38 2228.70 30393.10 1501.27 16153.10 7298.00

5467.89 432.10 33360.40 231.86 15326.90 1390.00

5795.22 1301.38 30661.50 737.56 15292.40 3988.00

5389.27 3691.36 33066.60 2609.73 16235.20 11902.50

5658.04 647.08 31803.90 293.78 14447.60 2266.00

5416.60 9575.88 32401.60 7902.92 15932.90 34472.90

5917.26 1037.35 32446.50 621.61 16293.20 3097.30

6053.98 2804.18 31600.60 1786.80 15094.50 7325.00

5843.08 804.33 30675.90 333.52 14440.60 3532.50

5745.53 1218.64 30694.80 818.33 14117.10 3212.20

5701.48 689.30 30458.70 376.68 13575.50 1833.00

5295.93 560.53 29216.80 266.79 12673.60 2173.40

6023.40 3772.76 32340.90 2629.82 15565.10 10351.80

5880.21 435.70 30866.60 200.54 13807.90 1644.90

5297.00 256.59 29434.40 140.76 12192.40 1610.10

5832.69 3074.20 28304.20 1255.10 12222.60 11454.60

5399.15 2224.20 29096.60 1518.00 11843.70 5610.00

5405.02 5455.60 31688.40 3250.06 16401.60 18780.80

6063.34 404.04 31285.30 100.10 15479.20 1492.40

5609.52 4285.80 33581.20 2859.58 14357.00 12637.40

5615.27 7.04 36258.80 4.42 14193.50 15.80

5182.27 172.17 31204.54 108.34 13154.75 152.10

5721.50 99.41 28020.90 54.80 14110.12 353.32

5845.11 189.72 29845.19 108.12 16250.33 1066.21
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Table 4.3.6(b): Weighted indices of interactions of weather variables

Z121 Z131 Z141 Z231 Z241 Z341

-311.25 -298.98 6543.06 -181.47 1361.75 -681.45
-233.64 -20.74 6685.70 -6.93 1794.64 -80.32
-369.50 9.04 5879.10 9.73 1079.32 45.54
-465.78 -86.16 2353.62 -2.09 -328.37 -159.04
-432.49 -40.90 6005.32 -16.13 795.98 -46.22
-309.57 -8.86 5655.40 -4.11 1319.66 -25.30
-328.40 155.15 5890.87 85.27 1509.61 245.17
-187.66 12.43 6139.25 7.31 1895.27 44.49
-265.77 74.87 6431.65 63.41 2067.86 225.64
-356.88 -2.93 5758.04 -3.86 1229.14 -584.44
-306.60 22.40 6617.66 18.97 1579.27 62.87
-304.06 -57.43 6135.31 -23.82 1633.60 -318.56
-295.78 386.56 6410.45 312.79 1183.91 1000.24
-333.19 -47.60 6241.84 -20.07 1176.89 -110.89
-222.80 1240.54 6320.20 1014.91 1282.96 4884.95
-255.02 -45.35 6392.44 -11.51 1507.67 -200.44
-334.66 -364.90 6202.06 -188.31 1257.69 -738.06
-285.17 -122.07 6045.67 -48.43 1328.73 -609.47
-260.51 -35.55 5970.45 -14.77 1229.79 -114.29
-349.86 2.02 5736.99 16.27 1038.50 -61.82
-247.35 -105.53 6171.12 -59.13 1411.34 -546.23
-250.82 653.14 6603.26 439.37 1590.47 1802.60
-292.89 -38.81 5801.42 -17.51 1186.62 -162.49
-262.65 -31.48 6096.34 -16.30 1321.54 -239.06
-350.66 -186.74 5188.18 -58.49 907.19 -592.52
-346.38 -39.84 4975.40 -13.94 534.72 -42.19
-276.13 -79.47 5989.25 -33.49 1640.99 -369.33
-484.82 -36.23 5917.36 -7.57 1137.64 -131.96
-402.19 -89.23 6104.54 -30.65 691.40 -147.10
-422.45 1.22 7222.31 0.74 1273.34 2.79
-223.33 -2.39 6341.58 -0.64 1375.40 0.59
-375.48 -12.13 5428.89 -6.47 1125.52 -63.37
-285.08 -27.97 5626.19 -18.70 1384.18 -191.59
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Table 4.3.7: Discriminant Scores: Procedure-1

Yield ds11 ds21 ds12 ds22 ds13 ds23 ds14 ds24 Yield
group

15.77 0.58 -0.95 -0.35 -0.44 -0.10 -1.04 0.91 -0.62 3
12.81 -1.15 -0.61 -0.24 -0.30 -0.77 -1.25 -0.69 -0.18 1
13.38 1.12 -1.83 -0.98 -0.45 0.22 -0.70 -0.63 -0.93 1
8.55 3.20 0.13 -3.96 0.04 -2.85 0.73 -1.70 -0.83 1
14.29 1.94 -0.41 0.63 -0.38 1.50 -1.65 0.26 -0.43 1
16.73 0.97 1.17 0.83 -0.20 -0.91 0.66 -0.90 -0.10 2
18.27 -0.89 -1.80 0.73 4.48 -0.20 2.04 -1.17 -0.34 2
19.84 -0.82 0.06 -0.47 -0.25 -1.83 -0.50 -1.08 -0.32 3
20.96 -1.32 0.56 0.97 -0.07 -0.85 1.48 -1.56 -0.56 3
13.56 -0.74 -1.51 -1.15 -0.27 -1.09 0.42 -1.70 0.24 1
23.00 -0.37 0.07 -1.19 0.24 0.38 -1.41 1.58 -0.24 3
19.41 -1.19 -0.57 -0.58 2.41 -1.47 -0.67 -0.53 -0.60 1
22.46 -0.28 -0.61 -0.35 -0.46 0.59 -1.34 0.07 0.06 3
24.10 0.03 0.09 0.41 -0.40 0.11 -0.98 -0.08 0.04 3
24.26 0.28 1.35 -0.21 -0.37 -0.15 -0.45 0.72 -0.44 3
25.59 -0.99 -0.92 0.56 -0.29 0.56 -0.02 -0.48 -0.32 3
24.05 -0.14 -0.11 0.20 -0.26 0.28 0.52 0.63 -0.15 2
23.47 -1.19 -0.11 -0.12 -0.26 -0.75 -0.15 0.37 0.67 1
26.51 -0.63 0.05 0.12 -0.25 0.36 0.28 0.09 -0.38 3
28.05 -0.16 -0.33 0.30 -0.29 -0.35 0.08 -0.13 -0.30 3
26.45 -2.20 2.09 -0.71 0.21 -0.44 -0.47 -0.50 -0.06 2
32.60 -0.04 0.95 0.12 -0.33 -0.01 -0.98 -0.18 -0.39 3
27.54 -0.11 0.87 0.07 -0.22 -0.12 0.40 0.59 0.43 2
26.67 -1.34 1.80 0.37 -0.26 1.15 0.39 -0.36 -0.06 1
28.69 0.19 0.63 0.63 -0.22 0.68 0.35 -0.08 4.58 2
27.42 0.53 0.33 0.76 -0.18 0.81 1.56 0.66 0.22 1
29.32 -0.35 0.11 -0.87 -0.30 1.76 2.30 -1.13 1.74 1
29.05 0.24 -2.16 -0.23 -0.31 -0.03 0.91 -0.03 -0.50 1
32.41 1.94 0.45 1.45 -0.26 2.22 0.04 2.79 -0.01 2
32.10 2.88 1.20 3.25 -0.38 1.30 -0.54 4.27 -0.20 2
32.14 -2.69 0.24 0.50 -0.34 0.03 -0.18 1.01 -0.53 3
29.64 -1.28 -1.17 -0.71 -0.18 -0.40 0.23 -3.27 -1.67 1
33.36 -1.06 -1.25 -0.10 -0.19 -0.86 -1.10 -3.44 -1.48 1

NOTE: dslm refers to lth (l=1, 2) discriminant score at mth (m=1, 2, 3, 4) phase.
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Table 4.3.8: Discriminant Scores: Procedure-3 to Procedure-7

Yield Procedure-3 Procedure-4 Procedure-5 Procedure-6 Procedure-7

ds1 ds2 ds1 ds2 ds1 ds2 ds1 ds2 ds1 ds2

15.77 -0.25 -0.32 -2.36 0.78 3.97 0.08 -0.14 -0.09 0.78 1.49
12.81 -1.55 0.76 -1.71 2.01 -0.41 -2.28 -1.03 1.36 -0.56 0.94
13.38 0.07 -1.05 -1.59 -0.19 0.82 -2.82 -2.45 -1.06 -1.04 3.28
8.55 2.65 -0.46 -2.39 -2.19 -1.44 -2.59 -0.43 -2.87 -2.34 0.67
14.29 0.62 -1.49 -1.46 -0.62 -1.28 -1.48 0.32 -0.60 -1.01 -0.40
16.73 0.33 0.88 2.35 -0.27 -2.37 2.22 1.47 0.65 -0.30 -1.89
18.27 -0.35 -0.04 4.04 -0.44 -2.44 3.02 -0.37 -0.16 0.27 -1.04
19.84 -1.60 1.83 0.07 1.2 3.21 2.46 -1.24 1.69 1.08 0.77
20.96 -0.71 1.39 -0.7 1.41 2.41 1.27 0.60 0.69 2.27 0.96
13.56 1.14 0.01 -1.74 -1.82 -0.19 -4.28 -0.22 -1.82 -4.26 0.32
23.00 -0.73 -0.06 -0.97 0.56 0.49 2.48 -1.46 0.50 0.41 0.78
19.41 0.10 0.36 -2.28 -0.23 -0.34 -4.12 -1.32 -0.86 -1.95 1.25
22.46 -0.97 -0.83 0.26 0.53 2.18 0.35 -1.54 0.27 0.84 1.94
24.10 0.09 -0.58 -0.53 -0.25 2.02 0.4 -0.65 -0.35 0.13 -0.19
24.26 -3.50 -2.44 -1.29 3.22 4.78 2.58 -1.90 2.53 2.35 1.74
25.59 -0.32 0.96 0.98 1.2 2.4 0.91 -0.10 0.72 1.69 0.88
24.05 0.86 0.52 3.45 0.49 -1.83 1.93 2.03 -0.16 0.49 -3.13
23.47 0.29 0.59 -0.34 -0.62 -1.26 -3.18 0.16 -0.14 -0.20 -0.35
26.51 -0.50 0.64 0.41 0.92 2.25 0.44 -0.11 0.77 2.35 0.64
28.05 0.37 -0.28 -0.46 -0.38 1.34 -0.01 -0.84 -0.70 2.78 0.00
26.45 0.06 1.06 2.45 -0.12 -4.07 2.76 -0.48 -0.36 0.27 0.47
32.60 -1.99 -0.47 -1.37 2.26 4.21 0.8 -0.90 1.74 2.85 0.30
27.54 0.28 0.83 3.56 0.17 -2.72 0.71 1.34 0.79 0.49 -1.59
26.67 0.58 1.07 -2.21 -1.25 -0.39 -1.31 0.79 -0.04 -0.99 -0.33
28.69 0.88 0.51 2.37 -1.74 -3.14 2.91 2.77 -0.32 -0.43 -3.01
27.42 0.75 -0.57 0.14 -0.92 -1.56 -2.55 1.11 -0.26 -3.36 -0.08
29.32 -0.31 0.59 -2.97 -0.86 0.69 -1.79 -0.32 -0.80 -1.34 -0.15
29.05 2.36 -1.06 -2.18 -2 -1.6 -3.35 0.11 -2.71 -2.78 0.71
32.41 0.68 -1.38 1.36 -0.29 -2.54 0.86 2.14 0.24 0.89 -1.75
32.10 0.66 -0.93 5.1 -0.58 -3.18 3.59 2.65 1.36 0.60 -3.21
32.14 -0.82 0.66 1.16 0.3 -1.87 -3.11 -1.62 0.62 2.46 -2.24
29.64 2.12 -0.30 -7.84 -3.17 -0.15 -7.97 -2.03 -3.57 -1.74 2.05
33.36 0.70 0.93 -1.16 -1.26 0.82 -0.72 -1.99 -1.49 0.63 4.30
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Table 4.3.9:  Fitted models in different procedures

Procedure Fitted Model R2

Procedure-1
11 12 2312 857 0 661 0 967 0 798 0 649. . . . .yield ds ds ds T

(0.901)    (0.316)       (0.381)       (0.412)     (0.052)

0.91

Procedure-2 11 21 14114.50 0.63 0.30Z 0.0012 Z 0.70yield Z T
(5.28)    (0.26) (0.18)          (0.0004)  (0.04)

0.94

Procedure-3 111.85 1.46 0.71yield ds T
(0.71)    (0.29)     (0.04)

0.92

Procedure-4 211.66 1.51 0.72yield ds T
(0.66)    (0.26) (0.04)

0.93

Procedure-5 1 212.034 0.588 0.639 0.702yield ds ds T
(0.567) (0.116) (0.115) (0.032)

0.95

Procedure-6 212 58 1 41 0 66. . .yield ds T
(0.70)    (0.29) (0.04)

0.94

Procedure-7 112 62 1 19 0 66. . .yield ds T
(0.51)     (0.14)    (0.03)

0.96

NOTE: Figures in brackets denote Standard Error of regression coefficients
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