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Chapter-I
INTRODUCTION

Wheat (Triticum aestivum L.) is a second most important cereal crop
after rice, play significance role in food security. It is a type of grasses family
cultivated for millions of peoples as a staple food. Wheat is major cereal crop
in temperate region being utilised as a human food and livestock feed. It can be
grown in tropical, sub -tropical and temperate region. Wheat shows highest
yield potential in regions favoured with cool, moist weather and followed by
dry condition. Nutritionally wheat is rich source of essential amino acids,
vitamins, minerals, phytochemicals and other dietary fibre component of diets.
It provides delicious food for human like bread, biscuit, noodles, pasta, dalia
and others food product. The cereal is one of the cheapest sources of energy,
provides a major share of protein (20%) and calorie intake (19%) from

consumption.

In India, wheat is the second most cultivated food crop after rice in
production as well as in area. The crop has been under cultivation in about
30 million hectares (14% of global area) to produce the all-time highest output
of 99.70 million tonnes of wheat (13.64% of world production with a record
average productivity of 3371 kg/ha (T.M and G. et.al 2017-18). In India mostly

wheat grown in northern region during winter season. It covered 26% areas of
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total cereals area of country. Uttar Pradesh, Punjab, Rajasthan, Haryana,
Madhya Pradesh, Bihar and Gujarat are the major wheat growing states in the
country. Uttar Pradesh ranks first in area (36.58%) as well as in production
(36.27%). It is the highest wheat growing state of the country and produces 28
million tonnes of wheat. Being as a second country in population, it is also the
second wheat consuming country after China, with a huge wheat demand. It
can be grown not only in the tropical and sub-tropical zones but also in the
temperate zone and the cold tracts of the far north, beyond even 60 degree
latitude. The best wheat are produced in areas favoured with cool, moist
weather during the major portion of the growing period followed by dry, warm
weather to enable the grain to ripe properly. India raises almost exclusively
winter wheat. The major wheat growing areas in India are located in the
northern region of the country. Uttar Pradesh holds the first rank in wheat area
(9.75 million ha) as well as production (31.88 million tonnes) during 2017-18
However productivity wise, Uttar Pradesh (3.27 tonnes per ha, hereafter ‘t/ha’)
Is not the leading state which is even less than the national average (3.37 t/ha)
in the same period (Ministry of Agriculture & Farmers' Welfare, 2019).Uttar

Pradesh produces maximum wheat in India, accounting for about 33 percent of
India’s total wheat production (2017-18). The Punjab is the second largest

producer of wheat in India, accounting about 18.50 percent of the nation’s total

wheat production (2017-18). The sowing of winter wheat begins about the first



Introduction

of October and runs through the end of December. Wheat usually begins to

head in January, with harvest following in last week of March and April.

Forecasting opens menu window on to future. It plays a vital role in most
of our activities and in all we do concern about future. Establishing a functional
crop yield/ production forecasting system is an extremely important component
of a national agricultural statistical system. Crop forecasts are used for a
number of policy decisions such as those relating to procurement, trade,
storage, transportation, distribution, import and export of food grains in
general, and for implementing food security programme in particular. Crop
production forecasts are not only meant to serve the interests of governments
but other stakeholders in the agricultural sector also find use for crop forecast
data in their day-to-day decision functions. The value of the various policy and
business decisions could be enhanced if these are supported by a strong system

of food crop production forecasting.

Weather variables affect the crop at different stages of crop development.
Thus the extent of weather influence on crop yield depends not only on
magnitude of weather variable 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
variable in the models and in turn a large number of observations may not be
available for precise estimation of these parameters. Suitable dimension

3
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technique such as like transformation say forming indices or multivariate
technique such as principle component, discriminate function etc. can be

employed to tackle such problem.

Understanding the impact of climate variability and change on crop
yields is fundamental to the success of such research. It is also an essential step
towards the development of key adaptive strategies to cope up with climate
change. Pre-harvest forecasting is extremely useful in formulation of polices
regarding stock, distributions and supply of agricultural produce to various part
of the country. Pest and diseases are one of the major causes of reduction in
crop yield. Thus, there is need to develop forewarning model which provides
advance information for outbreak of pest and diseases attack so that remedial
measures can be implemented before the actual onset of the damage. Timely
application of control measures may reduce the yield losses. This information

would be obtained through modelling qualitative data (Agrawal et al. 2007).

The crop yield depends on many types of variables which are discussed
above viz., weather factors, plant characters during crop growth stages, pest
and diseases attack, agricultural inputs etc. That will provide better forecast if
all these variables are considered while forecasting crop yield. But it may not
be realistic to develop a single model based on different type of the data. In
such case, separate models may be developed based on different group of

variables.
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The prime object of the study is to make use of crop-weather
relationships to develop pre-harvest forecast models. Keeping in view the

above facts following objectives have been framed for the present study.

1. To study the effect of weather variables on the yield of wheat
crop in Ayodhya district of Uttar Pradesh.

2. To develop statistical models for pre-harvest forecast of yield
of wheat crop based on weather indices obtained using weekly
data on weather variables.

3. To develop statistical models for pre-harvest forecast of yield
of wheat crop by applying discriminant function analysis of
weather indices as well as weekly data on weather variables.

4. To develop statistical models for pre-harvest forecast of yield
of wheat crop by applying principle component analysis of
weather indices as well as weekly data on weather variables.

5. To make a comparative study of the models developed in (2)

(3)& (4).
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REVIEW OF LITERATURE

Several studies have been carried out to examine the effect of different
weather variables on crop production. The weather variables affect the crop yield
during various stages of its development. Keeping in view the objective of the
study, a review of the available literature is presented here with a view to survey
the various methodologies employed by the researchers for developing the
forecasting models. The review is organized into the following heads according

to different approaches used for developing pre-harvest forecast models.
2.1 Regression Technique

2.2 Discriminant Function Analysis

2.3 Principal Component Analysis.

2.1 Regression Technique

Fisher (1924) developed first time a statistical model to study the crop
weather relationship. He assumed that the effect of change in weather variables
In successive weeks would not be an abrupt or erratic change but an orderly one
that follow some mathematical law. He assumed that these effects are composed
of the terms of polynomials function of time. Further, the value of weather

variables in w™" week, X, was also expressed in terms of orthogonal function of

time. Substituting these in usual regression equation
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Y=A +AX, +AX, +ina, A X,
where Y denotes yield and X, rainfall in w" week (w =1, 2, ...n,) and utilizing
the properties of orthogonal polynomial a normalized function was obtained as

Y=A +a,00 + 0, +ceovrrniinnn a, Py

where A ,a,,a,..a, are constant to determined and p,(i =1,..k) are distribution
constant of X, . Fisher suggested to use k=5, for most of the practical situations.

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

(1924) for studying the influence of rainfall on the yield of wheat.

Hendricks and Scholl (1943) modified Fisher’s technique and divided
the crop season into n weekly intervals and have assumed that a second degree
polynomial in week number would be sufficiently flexible to express the

relationship. Mathematically, it can be expressed as
Ay = 8, + W + aW?
In particular A; =ap+1l.a; + 1%.a,

A=ag+2.a + 22.3.2

A, =ap+n.a; +n%a,
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Substitute the expression for A,, in regression equation the model was obtained

as

Y=A+a, > X, +a > WX, +a, > WX,

In this model, number of constant to be determined reduces to 4, irrespective of

n. Equation was extended for two weather variables to study joint effects.

The model obtained was

Y = A +ag ) Xy, Fay ) WXy, +a, ) WX, +
bo D Xy +0 D WXy, +b, > WX, +

Co D Xy Xou +C D WXy, Xy, +€, D WXy, X, +6T

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 the trend.

Sarkar (1965) studied the weather yield relationship during tillering and
elongation phase of sugarcane separately. It was observed that 50 per cent of the
total variation was accumulated by various weather factors (i.e. maximum and
minimum temperature, rainfall and sunshine) during tillering phase while only

25% is accounted by weather factor during elongation phase.

Runge (1968) applied Hendricks and Scholl (1943) model to study joint
effects of rainfall and temperature on corn yield and found that maximum daily

temperature and rainfall had a large effect on corn yield from 25 days before to
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15 days after anthesis. It was concluded that high temperature can be beneficial

to corn yield if moisture available to the plant is adequate.

Sardna et al. (1972) suggested another approach in study of Jute crop.
They studied biometrical character of Jute crop as Plant population/plot, plant
height, and girth of internodes used as regressor and found that all are

significantly correlated with yield.

Hudaet al. (1975) studied the intensity and distribution pattern of weather
parameters at different stages of growth of the rice yield at Pantnagar. They
reported that second degree multiple regression can be employed to study the
relationship between rice yield and weather variables. It was reported that above
average total rainfall is beneficial during nursery stage but has adverse effect at
the vegetative phase. It was also found that maximum and minimum daily
temperature has beneficial effect during nursery period but showed adverse effect
during maturity phase. However, reproductive phase is susceptible to a change of

1% maximum and minimum relative humidity.

Agrawal et al. (1980) developed the forecasting models for the rice yield
in Raipur district based on weekly data of weather parameters. Stepwise
Regression Analysis was applied to develop the models. It was found that
forecasting of rice yield using weather variables is best possible only two and half

months before the harvest.



Review of literature

Jain et al. (1980) applied multiple Regression Technique for developing
rice yield forecasting models in Raipur district of Madhya Pradesh. It was
reported that effect of increase in total weekly rainfall and average relative
humidity was beneficial throughout the crop seasion. He found that developed

model was reliable to forecast rice yield two and half months before the harvest.

Choudhary and Sarkar (1981) used the correlation technique for
identifying weather factors and their duration, which exert influence on the crop
growth and the yield for rice grown in the south eastern parts of Madhya Pradesh.
Relationship between crop yields (during its various growths Phase) with
Important weather parameters was obtained using multiple linear regression
models. The value of coefficient of multiple determinations was obtained as 0.81
indicating 81% of variation in the yield due to explanatory variable included in

the study.

Agrawal and Jain (1982) developed forecasting models for the rice yield
in Raipur district of Madhya Pradesh based on weekly data of weather
Parameters. It was observed that weather variables with time trend accounted

more than 70% of the total variation in yield at about 2.5 months before harvest.

Agrawal and Mehta (1982) studied the several weather based forecasting
models for crop yield of rice, wheat, sorghum, maize and sugarcane at selected
districts/agro-climatic zones/ state of India using regression analysis,

discriminant function analysis and water balance technique. It was reported that

10
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reliable forecast of crop yield could be provided before harvest. They also
developed models for forewarning of important pests/ diseases in rice, mustard,
pigeon pea, sugarcane, groundnut, mango, potato and cotton using regression
analysis and Artificial Neural Network (ANN) Technique. It was found that the
reliable forewarning of important pests/diseases could be achieved at least one

week in advance.

Jain et al. (1985) used this method for forecasting with growth indices as
explanatory variable and found better than conventional linear regression model

where weather variables used as explanatory variables.

Singh and Bapat (1988) developed a suitable model for pre-harvest
forecast of sugarcane yield. A pilot study was carried out during 1977 to 1980.
Stratified multi-stage random sampling design was used for selection of fields.
The multiple-regression technique was adopted for fitting the regression models.
For selection of yield attributes to be entered finally in the forecast model, the
technique of step-wise regression was used. It was observed that 3 yield attributes
(number of canes, plant height and girth of cane) could be used to forecast the

sugarcane yield about 4 months before the harvest.

Rao and Singh (1990) studied distributions pattern of weather variables
and developed methodology for forecasting extreme values of weather

parameters using time series data at Pantnagar. It was found that square root

11
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model (Y=a+b\x+cx) could be used to predict wheat yield based on

meteorological observations.

Khan et al. (1995) applied multiple regression model to predict the yields
of winter rice, and rape and mustard [Brassica juncea] in different districts of
West Bengal using the rainfall distribution before sowing and during the growing
season. The models developed were able to account for more than 70% of the
total variation in rice yield in most of the districts. The range was 23-98%. For
rapeseed and mustard, agronomic inputs (cultivar choice in particular) affected
the prediction equation greatly without which the coefficient of determination
(R?) was reduced. Out of the 9 districts, the regression models developed for 6
district and accounted for more than 70% variability in yield and their R? values
were significant at 5% level. The models could be used for pre-harvest forecast
of winter rice and mustard in West Bengal by 21 October and 31 December
respecting, which are quite earlier than the final forecasts made on 31 January

and 13 April, respectively, by the State agencies.

Pal et al. (1996) applied the linear multiple regression equation for
predicting sugarcane productivity in western Uttar Pradesh based on weather
parameters. It was found that weather conditions perverting from germination to
elongation phase accounted for 61% variation followed by 60% by preventing
weather conditions during growth, tillering to elongation. The relationship

between estimated and actual cane productivity was found significant.

12
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Pal and Saini (1997) used multiple linear regression equations for
estimating sugarcane productivity at Pantnagar and Muzaffarnagar of Uttar
Pradesh state using weather parameters. Correlation between weather parameter
and cane productivity were obtained. It was found that weather parameters caused
88.4% of variations in the cane productivity at Pantnagar and 88.6% at
Muaffarnagar. The relationship between estimated and actual cane yield was

found highly significant at both Places.

Marcelis and Gijizen (1998) developed model for predicting the weekly
fresh weight harvest of cucumber fruits and their quality in Wageningen using
average weather data and green house parameters. The model was validated by
comparing simulation result with production data of 10 commercial growers in
1996 and 14 growers in 1997 (January-May). It was found that average standard
error of the weekly prediction of the fresh weight yield was 14.9%, while the
standard error of the annual yield was 2.8%. It showed that average weekly
standard errors of the predicted average fruit size and per centage of second class

fruit were 6.5% and 5.3%, respectively.

Rai et al. (1998) developed a yield forecasting model for wheat (Triticum
aestivum). Two types of functions i.e. linear and quadratic were fitted. It was
found that the explanatory variables could explain the variation in yield up to 62%
if they were considered to be linearly related but 68% provided the function was

of quadratic in nature. The linear type of model was more valid than a quadratic

13
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one. It is suggested that this forecast model could successfully be used for

obtaining advance estimates of wheat yield for a period of 4 years.

Saha et al. (1998) revealed that the most important yield affecting
attributes in lac for the summer season crop of Rangeeni lac on Butea
monosperma, 14 factors were studied. Significant and positive correlation was
found with yield and quantity of brood lac used for raising lac insect (Kerria
lacca) culture, number of host shoots with lac culture, height of host crown,
length of lac insect settlement per shoot, volume occupied by 100 female lac
insects, diameter of host canopy and number of stumps per tree in decreasing
order of magnitude. The forecast model, retaining quantity of brood lac used,
number of host shoots with lac culture per tree, length of lac insect settlement per
shoot and number of living lac insect per cm?, explained 51% variation in yield.
The model developed showed that forecasts of stick lac yield per tree are possible
once lac insect culture is established on shoots (3-4 weeks after raising the

culture). This corresponds to 20-22 weeks before crop harvesting.

Chandrahas (1999) used the data on crop yield and biometrical character

and developed the following models for predicting crop yields.
He attempted the following linear multiple regression model.
Y=, + BX, + B X, + e +e.

where Y and X; are yield and plant characters respectively. g, and g, are

constant to be estimated and e is random error term. He also developed the model

14
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based on growth indices of biometrical characters to improve the aforesaid model

following the work of Jain et al.. (1985).

Kokate etal. (2000) developed a statistical model for forecasting the yield
of rice in Ratnagiri district of Maharashtra. They applied correlation analysis to
know the association of plant characters and climatological parameter with the
yield. They applied step-wise regression analysis technique to know the dominant
variables in the study. It was found that integrating plant characteristics and
climatological factors together in the model provide better estimates for

forecasting rice yield.

Ramirez (2000) studied the multiple linear regression analysis for the
weather based crop yield models in Laguna and Nueva Ecija (Philippines). It was
observed that the trend line of the weather data greatly affects the predicted yield.
The predicated verses the actual yield showed absolute per cent error ranging
from 1.48 to 45%. The results of the regression analysis indicated that coefficient

of determination was highly significant.

Sarkar (2000) applied correlation and regression analysis to develop the
agro-meteorological model for forecasting wheat yield in Gujarat. The model
could explain about 94% of the variation in the yield due to weather parameter

but the prediction was found reasonably outside the analyzed samples.

Agrawal et al. (2001) revealed the forecasting model for wheat in

Vindhyan Plateau zone of Madhya Pradesh. For developing forecasting models

15
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for rice, the two zones viz. Chhattisgarh Plain and Baster Plateau were grouped
together. Time series data on weather variables and agricultural inputs were used
and multiple linear regression analysis was applied for developing models. It was
reported that reliable forecasting yield could be obtained when both the crops

were 12 weeks old i.e. about 2 month before harvest.

Sarmah and Handique (2001) developed linear regression models for
the pre-harvest forecasting of winter rice yield in Jorhat district of Assam. It was
found that 69.10% of the total variability in rice yield is due to weather variables.
The deviation of forecasted yield from that of observed yield was ranging from
0.06 to 21.30%. The best time for rice yield forecasting was observed in 43"

standard meteorological week.

Saksena et al. (2001) used a different approach which was based on water
balance technique. Model for rainfed crops using weighted stress indices have
been developed for Rice-Raipur, Sorgham—Delhi & Prbhani and Maize-Delhi. In
this approach, water defict/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 model.

This technique provide forecast six weeks before harvest for rice.

Kandinnan et al. (2002) developed crop-weather model for prediction of
rice yield in Coimbatore, Tamil Nadu. It was found that model without solar

radiation recorded less R? (0.63) as compared to model with inclusion of solar
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radiation recorded high R?(0.95). Step-wise regression analysis was used taking
seven weather variables which finally included four weather variables in the

model with a R?value of 92%.

Ozkan and Akcaoz (2002) revealed the relationship between the climatic
variables and yields of three crops i.e. wheat (Triticum aestivum L.), Maize (Zea
mays L.) and Cotton (Gossypium hirsitum L.) in the Cukurova region of Turkey.
In the study, time series data were used to analyze crop yield across various
climate factors for the period 1975 to 1999. The climatic variables were arranged
according to phonological periods of the examined crops such as planting,
flowering and harvesting time. A linear perturbation modes (LPM) was used for
the identification of the role of climate variables. 27 climate factors were
considered as explanatory variables in the model. Step-wise regression analysis
was used for developing the model. The result of the linear perturbation model
(LPM) showed that the R? values for Wheat, Maize and Cotton were found to be
46.1%, 57.2% and 74.5% respectively. The highest coefficient of variation (CV)
was found in Maize production (43.4%) followed by Cotton (23.14%) and wheat
(15.29%). The most significant climatic factor affecting deviation in crop yields

was found to be temperature at planting, flowering and harvesting time.

Sarkar and Thapliyal (2003) developed the state-wise Agro
meteorological model for forecasting wheat yield in Uttar Pradesh. They applied

correlation and regression analysis to identify significant correlation between
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yield and the meteorological parameters. Step-wise regression analysis was done
for developing models. It was found that 98% of the variation in the wheat yield

was due to meteorological parameters.

Kandiannan et al. (2004) studied the crop weather models for prediction
of turmeric yield in Coimbatore district of Tamil Nadu State. Significance of
correlation coefficient between the monthly climate variables and turmeric yield
was tested. The developed multiple regression models gave a reliable forecast of

the dry turmeric yield with a coefficient of determination (R?) value as 89%.

Nain et al. (2004) revealed that the methodology for crop yield forecast
using a simulation model. The regression coefficients were generated using 10
years’ data (1984/85-1994/95) and reliability of the approach was tested on a data
set of 5 years’ independent data (1995-96 to 1999-2000). The results showed that
this approach could capture year to year variability in large area of wheat with
reasonable accuracy. The Root Mean Square Error (RMSE) between observed
and predicted yield was reported as 0.098 t/ha for the mean yield of 2.072 t/ha
(4.72%). The pre-harvest forecast were made using seasonal weather data up to
the end of February and climate normal for the rest of the wheat growing season,

which showed good agreement with observed wheat yields.

Sharma et al. (2004) developed agrometeorological models based on
weather parameter for forecasting wheat yield in 6 major districts of Himachal

Pradesh. It was observed that rainfall significantly affected the wheat yield which
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was decreased by 6.8-32.3% compared to previous years, mainly due to moisture

stress caused by delayed and insufficient rainfall.

Hansena et al. (2004) developed a method using GCM based seasonal
rainfall forecast with a wheat simulation model for forecasting district and state
aggregate yields in queen-stand, Australia. It predicted yield by linear regression
of simulated yield, transformed to correct departures from normality, against
GCM predictors optimized by a linear transformation. Cross-validation of
predictor selection and regression ensured conservation assessment of prediction
accuracy. Yield forecast made, prior to planting, accounted for a significant
portion of the variability of simulated yield averaged across the state (r =0.518)
and in most wheat, producing districts (r =0.497, area-weighted average among
districts). The advantage of the GCM-based forecasts was greatest at the longest

lead time.

Varmola et al. (2004) used a pre-harvest forecast model for wheat yield
based on weather parameters (maximum and minimum temperature, morning and
evening relative humidity, wind speed and bright sunshine hours) using step-wise
regression technique. Models based on original weather variables with week-wise
and crop stage-wise approach and the generated variables taking week number
and correlation coefficient as weight. Among the different approaches, the model

based on generated weather variables (correlation coefficient as weight) was the
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best on the basis of R? values (0.943) and simulated forecast errors (<6%), which

can predict the wheat yield 12 weeks after sowing

Kumar and Bhar (2005) developed the multiple linear regression model
for forecasting yield of Indian mustard (Brassica juncea L.) at Hisar district of
Haryana. They developed models for each growing phase of Mustard. It was
reported that the reliable earliest forecasting could be achieved 6 weeks after

sowing and the latest forecasting could be done 4-5 weeks before harvesting.

Khan et al. (2006) developed weather-based regression equations for
predicting seed yield before harvest. Using accumulated rainfall during 36 to 39
standard weeks (X1), 40 to 43 weeks (X2), 44 to 52 weeks (X3) and 1 to 5 weeks
(X4); accumulated actual evapotranspiration during 42 to 3 weeks (X5) and 42 to
52 weeks (X6); soil moisture content on the 45th week (X7); water requirement
satisfaction index on the 5th week (X8); and technological trend (T) as
independent variables and seed yield () as dependent variable from 1952-53 to
1992-93, regression analysis was carried out for development of yield prediction
models. The model for 24-Parganas district was able to explain 66% of the total
variation in seed yield. The regression model for Midnapore district accounted
for 65% of the total variation in seed yield. The models developed for West
Dinajpur and Cooch Behar districts explained 54% and 30% of the total variation
in seed yield, respectively. The multiple linear regression models developed for

24-Parganas, Midnapore, West Dinajpur and Cooch Behar districts can be useful
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in the pre-harvest forecast of the seed yields of rapeseed and mustard by the first
week of February, which is quite earlier than the final forecast made in April by

the State Department of Agriculture in West Bengal.

Lobell et al. (2006) studied the weather-based forecasting models for
state-wide yield for twelve major crops in California. It was found that the most
successfully modeled crop was almonds, with 81% of yield variance captured by
the forecast. It was found that the prediction of the most crops relied on weather

measurement well before harvest time.

Shamasundaran and Venugopalan (2006) observed that the crop yield
forecast plays a vital role in arriving at pre-harvest yield estimate of a standing
crop and to identify the stage at which reliable forecasting could be made before
final harvest. In this paper, an attempt has been made to apply the regression
technique for prediction of yield in rose. Rose, is an important flower crop not
only for internal market but is also intended for export, and since it shrivels,
estimation of yield of a standing crop before its actual harvest is essential. A
model was developed, which showed that information from the first two pickings
of a standing crop could be used to forecast rose yield to an extent of 77% two
months before final harvest. It was also suggested to have a minimum sample size

of 20% to develop such a forecast model

21



Review of literature

Patel et al. (2007) developed the pre-harvest forecasting model of rice
yield using weather variables and technological advances using 33-years yield
data of Kheda district, Gujarat, India from 1967/68 to 2001/02. The weekly
averages of weather variables, namely bright sunshine hour’s, rainfall maximum
and minimum temperature and morning relative humidity from 23rd to 42nd
standard meteorological weeks of the respective years were considered. The
week-wise, crop stage-wise and generated weather variables (weighted) criteria
were used. Time trend was also included as an independent variable in all the
model. To provide pre-harvest forecasts, different week-intervals were
considered. A step-wise regression technique was employed for all forecasting
models. The model based on week-wise criteria using original weather variables
of 16 weeks provided a reliable pre-harvest forecasting of rice in the Kheda
district. The forecasting can be done four weeks before the expected harvest (i.e.
3rd week of September or at the end of the 38th SMW). The average absolute
mean forecast errors of the selected model for the subsequent three years were
10.97%. The pre-harvest proposed forecast model accounted for 75.4% variation

in rice yield

Aneja et al. (2008) proposed statistical methodology for the pre-harvest
estimates of cotton yield by taking biometrical characters as explanatory
variables. The data were procured through a pilot survey in Hisar (Haryana,

India), and the biometrical characters such as height, girth, total number of bolls,
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number of opened and unopened bolls and yield of first pick were observed at
different stages of the crop growth. The yield of first picking at approximately
five months after sowing along with number of unopened bolls was found to be
fairly adequate for use in building advance estimates of yield of cotton with the
help of multiple linear regression models. There was no appreciable gain in
transforming the data into different scales and considering the simplicity in
operation, the data have been analyzed in the original scale. The estimated yield
of cotton (H-1098) in mid October was 1124, 1245, 1409 and 1382 kg/ha for the

years 2003-04, 2004-05, 2005-06 and 2006-07, respectively.

Chattopadhyay et al. (2008) studied the effect of meteorological
parameter on yield of different varieties of cotton (AHH-468, MCU-9 and MCU-
10) in Akola district of Maharashtra. It was observed that minimum temperature
at vegetative and flowering stage was favorable and decrease in maximum
temperature at flowering and boll development stage was conducive for the yield
of variety of AHH-468. It was also found that relative humidity was positively
correlated with the yield of varieties of AHH-468 and MCU-10. The rainfall at

the beginning of the season was favorable for yield of the crop.

Priya and Radhakrishnan (2008) studied both linear and non-linear
regression models for forecasting yields of five food crops (rice, cholam, cumbu,
ragi and maize) in Tamil Nadu, India. Secondary data for each crop for the period

1954-2004 were used in the analysis. Comparison of the results of the models
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indicated that the non-linear regression model was better for prediction and was
better fitted compared to the linear regression model due its high R? value. Among
the five food crops, rice had the highest R? value. Rice yield was found to be

influenced by wholesale price, area and cropping pattern

Sharma et al. (2008) developed an agro climatic model for the expected
guantum of the rice production in Andhra Pradesh. Growing degree day or heat
unit theories of the crops and Integrated Normalized Difference Vegetable Index
along with the rainfall are made use of in obtaining the relation with the crop yield
of rice. The atmospheric and oceanic indices such as Southern Oscillation Index
and sea Surface Temperature of Nino 3 region were also incorporated in
developing the multiple regression models for the estimation of rice yield. The
rice yield is not varied linearly with rainfall of AP but maintained good relations
with the growing degree day units and the satellite derived vegetation Index
INDVI. The impact of Sea Surface temperature of Nino 3 region is more on rice
yield compared to that of SOI. The suggested statistical agro-meteorological

model imbibed the five variables that have significant impact on yield.

Yadav and Patil (2008) revealed the influences of agro-climatic indices
on fruit yield of cucumber during Kharif in Dapoli, district Ratnagiri,
Maharashtra. They obtained the relationship between fruit yield of cucumber and

agro-climatic indices. It was found that early sowing of cucumber i.e.
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Immediately after onset of monsoon produced significantly highest fruit yield

over the late sowing.

Garde (2009) used Linear and Non Linear Regression Analysis and linear
correlation for crop yield forecasting. Studies have been carried out to forecast
crop yield using weather parameters. He used time series data for 27 years (1981-
82 to 2007-08) of yield of rice & wheat and weather parameters obtained from G.
B. Pant University of Agriculture and Technology, Pantnagar, District Udham
Singh Nagar, Uttarakhand, India, for developing forecast models. He also used
technical and statistical indicators in the models.

Kumar et al. (2009) studied the changes in long-term climate parameters
of Kullu valley on the basis of annual as well as monthly rainfall, maximum and
minimum temperatures recorded during AD 1962 to 2004. Further, an analysis of
the impact of climatic changes during 1981 to 2004 was done on the seed yield
of cabbage var. Golden Acre in the upper Kullu valley in Hindukush Himalayas.
For this, average monthly maximum temperature and rainfall data of May (pod
setting period) and monthly average maximum temperature data of March-April
(period of bolting and flowering) were analyzed. It was observed that the average
maximum temperature of May rose by 1.58°C. The minimum temperatures for
the months of April and August rose by 2.03 and 2.165°C, respectively. From
1981 to 2004, around 40% reduction in seed production per unit area was noted.

The relative humidity during the month of May did not have any significant effect
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on seed yield. Correlation coefficients between mean monthly rainfall during
May and seed yield (r=-0.49), mean maximum temperature during April and seed
yield (-0.36) and maximum temperature during May and seed yield (-0.39)
indicate that when temperature rise, it affects seed production of cabbage
adversely. Also, if rainfall increases during May, the seed yield is reduced. It has
also been observed that the rainfall during August has decreased and during
September it has increased resulting in late onset of autumn thereby suggesting
that the planting of cabbage should also be delayed at least by a fortnight to avoid
incidence of soft rot and increased seed yield.

Osowski (2010) estimated that the influence of weather conditions
(temperature, rainfall) in the period June-August and of the level of resistance of
32 selected potato cultivars on the rate of late blight development, time of 50%
haulm destruction and the percentage of haulm destruction at the end of a growing
season. The highest values of estimated parameters were recorded for the group
of susceptible cultivars. The values of parameters decreased with increasing level
of potato resistance to late blight.

Auffhammer et al. (2011) indicates that monsoon rainfall became less
frequent but more intense in India during the latter half of the Twentieth Century,
thus increasing the risk of drought and flood damage to the country’s wet-season
(kharif) rice crop. Our statistical analysis of state-level Indian data confirms that

drought and extreme rainfall negatively affected rice yield (harvest per hectare)
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in predominantly rainfed areas during 1966-2002,with drought having a much
greater impact than extreme rainfall.

Joshi etal. (2011) studied the effect of observed climate variables on yield
of major food-crops in Nepal, namely rice, wheat, maize, millet, barley and potato
based on regression model for historical (1978-2008) climatic data and yield data
for the food-crops. The yield growth rate of all the food crops was found to be
positive. However, the growth rate for all crops, except potato and wheat, was
below population growth rate during the period. Climate variables like
temperature and precipitation were the important determinants of crop yields.
Trend of precipitation was neither increasing nor decreasing significantly during
this period. However, temperature was increasing by 0.7 °C during the period.
Climate variables showed some influences on the yield of these major food-crops
in Nepal. Increase in summer rain and maximum temperature has contributed
positively to rice yield. Also, increase in summer rain and minimum temperature
has positive impact on potato yield. However, increase in summer rain and
maximum temperature adversely affected the yield of maize and millet. Increase
in wheat and barley yield was contributed by current trend of winter rain and
temperature. Consideration of spatial variation in similar type of study in Nepal
that will be helpful in identifying the region more vulnerable to climate change
in terms of crop yield is highly recommended.

Garde et al. (2012) explained techniques for development of weather

indices which were used as explanatory variables (Predictors) in the multiple

27



Review of literature

regression model. The technique was further modified by incorporating technical
and statistical indicators along with developed predictors. The study proposed
that modified model incorporating technical and statistical indicators are
effectively used for early pre-harvest forecasting for crop yield particularly up to
two and half month before harvest.

Garde et al. (2012) used the multiple regression model for estimation of
wheat productivity for the district Ghazipur in eastern Uttar Pradesh. Weather
indices were computed using varied weather parameters for the year 1982-83 to
2005-06. The cross- validation of the developed forecast models were tested their
accuracy using the 2006-07. Based on a forecast error percentage it was found
that the forecasting model produced the most accurate forecast for 15" week of
the crop growing season. The relationship between actual and forecast wheat
yield was highly significant being R? varied from 0.72 to 0.89 for the different

weeks.

Sharma and Singh (2012) studied on processing varieties of potato and
its correlation with weather parameters, at Central Potato Research Institute
Campus, Modipuram in early, main and spring crops. Comparison of mean leaf
hopper population during three different crop seasons revealed that early crop
planted during September favoured highest development of leaf hoppers followed
by main (Oct-Feb) and spring crops (Dec-April). A distinct varietal difference

was observed in appearance and buildup of leaf hoppers. Multiple regression
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equation based on temperature, relative humidity, wind velocity, sunshine
duration and rainfall could explain leaf hopper population ranging from 50-96%.

Azfar et al. (2015) used the time series data on rice crop yield in Eastern
Uttar Pradesh, pertaining to the period 1990-91 to 2009-10 for fitting the models
for studying the effect of weather variables. He used the relevant statistical tools
of stepwise regression analysis.

Poonam et al. (2017) stepwise multiple regression technique was applied
with yield as dependent variable and weather parameters (artificial variables
generated from weekly weather values) as independent variables. Another six
years’ data (2010-11 to 2015-16) were used for the validation of the developed

models.

2.2 Discriminant Function Analysis
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.

Carter and Eisner (1997) described the methodology of forecasting
rainfall over Puertorico with the help of discriminant function analysis and factor

analysis.

Cannor (1999) developed quadratic discriminant function model to
forecast the number of salmon fish that would survive in dam to help managers

to effectively time the release of reservoir water to mitigate the problem of
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reduction in survival . He also developed a multiple regression model using

discriminant score to predict the time during which survivors would pass the dam.

Rai and Chandrahas (2000) developed pre-harvest forecast model for
rice based on weather variables using techniques of discriminant function
analysis in Raipur district of chhatishgarh, India. These techniques have been
used to find weather score for each year at different phases of crop growth. It was
found that forecast to rice crop can be made about two month before harvest.

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.

Yadav (2010) used the technique of discriminant function analysis for the
development of pre-harvest forecast model for wheat yield in Faizabad district
of U.P., India. Time series data of wheat yield and weather variables were used
for the study. In all seven model were developed. The best model showed R?
value as 97 per cent and the model —I has turned out to be best followed by the
model-VI1 and model-111. However, there has not been much different in the value
of adjust R? corresponding to model —I, 111 and V1 (97.0, 93.3 and 93.3 per cent
respectively). Moreover, it requires to generated number of weather indices for

the development of the model-1, which require more labour. On the other hand,
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model-11l and VI are easy to develop which used discriminant function. RMSE
of model-V1 is little less (0.570) as compared to model-111 (0.572). Validation of
the models and forecasting of the wheat yield based on the model-VI for the
years 2008-09and 2009-10 have favoured the model —VI. Therefore, the model-
VI can be recommended for pre- harvest forecast of the wheat yield in practice.

However, the model-I11 is as good as model-VI.

Pandey (2011) developed different models for pre-harvest forecast of rice
yield based on some weather variables, agriculture input. He also applied the
technique of discriminant function analysis. The effects of individual as well as
joint effect of weather variable have also been studied. He used the time series
data of rice yield for Faizabad district of Eastern Uttar Pradesh, pertaining to the
period 1989-90 to 2009-10, along with weekly data on weather variables for the

same period.

Agrawal et al. (2012) used of discriminant function analysis for
developing wheat yield forecast model for Kanpur, U.P., (India). The quantitative
forecasts of yield have been obtained using multiple regression technique taking
regressors as weather scores obtained through discriminant function analysis. The

approach provided reliable yield forecast about two months before harvest.

Annu (2013) demonstrated the application of discriminant function
analysis for development of pre-harvest forecast models for rice and wheat yield

using biometrical characters. He used experimental data obtained from the
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experiments conducted at Main Experiment station N.D.U.A.T. Kumarganj,
Faizabad during 2010-11. The relation between actual and forecast yield of the
wheat and rice was significant as R? was found to be 61.74 % and 61.64 % for

respectively.

Tripathi (2013) also made use of technique of discriminant function
analysis for the development of pre-harvest forecast model for potato yield in

Faizabad district of U.P., India.

Pandey et al. (2013) developed models for forecasting rice yield at district
level on the basis of weather variables. Stepwise regression was used to screen
out the important weather variables and multiple regression approach was

subsequently employed to estimate model parameters.

Sisodia et al. (2014) have used discriminant function analysis of
meteorological parameter for developing suitable statistical model for forecast of
wheat yield in Faizabad district of eastern Uttar Pradesh, India. Time series data
on wheat yield and weekly data on weather variables for 20 year (1990-91 to
2009-10) have been used in the study. The discriminant score obtained from
discriminant function analysis have been used as regressor variables along with
trend variable (T) in development of statistical models. In all six models have
been developed. The model developed have been used for forecasting the wheat

yield for year 2008-09 and 2009-10 which were not included in the development
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of models. It has been found that most of the models provide reliable pre-harvest

forecast of the wheat yield about two months before the harvest.

Alayande, S. et al. (2015) In different areas of applications the term
"discriminant analysis" has come to imply distinct meanings, uses, roles, etc. In
the fields of learning, psychology, guidance, and others, it has been used for
prediction. It is sometimes preferable than logistic regression especially when the

sample size is very small and the assumptions are met.

2. 3 Principal Component Analysis

Jain et al. (1984) gave a new approach for forecasting. They constructed
principal components of biometrical characters for Sorghum crop. These were
plant population/plot, plant height, length of earhead, number of healthy
earhead/plant, circumferences of earhead, , number of green leaves per plant and
length and width of leaves. Under this study they found that plant population/plot,
plant height and number of green leaves per plant were significantly correlated
with yield. The principal components were obtained by using data of one or more
than one point of time.

Jain etal. (1985) also constructed growth indices of biometrical characters
measured over specific time interval. The growth indices were used as regressor
variables in the multiple regressor model. They showed that the procedure also

provided reliable forecast of crop yield.
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Kumar et al. (1998) revealed that the principle component regression
gives better precision for the estimates of the ordinary least square regression
analysis. Three meteorological variable namely chill unit, number of hours with
temperature and number of hours with relative humidity of 40-60 percent during
the flowering time were used for forecasting of yield at apple. The variable were
chosen on the basis of simple correlation with yield for regression analysis.

Annu (2013) developed the pre-harvest crop yield forecast models on the
basis of plant biometrical characters. The relevant statistical tools and techniques
like multiple regression analysis, discriminant function analysis, principle
component analysis, growth indices and composite forecast have been used for
the purpose of development of the models.

Paul (2013) forecasting of crop yield based on historical data and pertinent
external climatic information is considered. To this end, Autoregressive
Integrated Moving Average with Exogenous variables (ARIMAX) time-series
model along with its estimation procedure is studied. In the present investigation,
five models at five important stages of wheat growth are developed by including

the most important weather variables.

Yadav et al. (2014) used principal component analysis for developing
statistical models for forecasting crop yield. The time series data on wheat yield
and weekly weather variable viz. minimum and maximum temperature, relative

humidity, wind- velocity and sun- shine hours pertaining to the period 1999 to
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2010 in Faizabad district of Uttar Pradesh have been used in this study. Weather
indices have been constructed using weekly data on weather variable (Agrawal et
al.1983). Principal component analysis has been carried out taking different
combination of weather indices. Four models have been developed using

principal component analysis as regressor variables including time trend and

wheat yield as regressand.
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Chapter-I11
MATERIALS AND STATISTICAL METHODOLOGY

This Chapter comprises of the material used and the methodology
utilized for developing models to study the association between crop
yield and weather variables, and to develop models for making pre-
harvest forecast of yield. In order to facilitate systematic presentation, the
chapter is divided into following sub-category:

3.1 General information of the study area

3.2 Sources and description of data

3.3 Statistical methodology used for the development of models

3.4 Measures for the comparison and validation of different models
3.1 General information of the study area and crop covered:

The study has been conducted for Ayodhya district of Eastern Uttar
Pradesh, India, which is situated between 26.92° N latitude, 81.20° E
longitude and 26.26°N latitude 82.07° E longitudes respectively. It lies in
the Eastern plain zone of Uttar Pradesh with an annual rainfall of 1002
mm, 90% of which is received during mid-June to mid-October.

3.2 Sources and description of data:
Yield data:

Time series data on yield of wheat of Ayodhya district of Uttar

Pradesh for 27 years (1990-91 to 2016-17) have been collected from the
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Bulletins of Directorate of Agricultural Statistics and Crop Insurance,
Govt. of Uttar Pradesh.
Weather data:

Weekly weather data for the same period on seven weather
variables viz., Minimum Temperature, Maximum Temperature, Rainfall,
Number of rainy days, Relative Humidity at 8.30 and 17.30 hrs and
Wind-Velocity have been used in the study. The weekly data on these
weather variables have been obtained from the Department of
Agricultural meteorology A.N.D.U.A & T Kumarganj Ayodhya U.P.
India.

Wheat crop growing season:

Wheat is generally sown in the month of October when average
daily temperature falls around 20-25%. High temperature at the time of
sowing causes poor germination, reduced tillering and early onset of
flowering which leads to depress the crop yield. The different wheat crop
growth stages are explained below:

(i) Seed germination and CRI stage

Seed germination and early growth stage starts from sowing to last
week of November. Germination takes 6-7 days after sowing of the crop.
The crown root initiation (CRI) occurs in wheat in 25-30 days after

sowing of near about 3 weeks from germination. During CRI stage, plant
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require a huge amount of moisture i.e. irrigation is required during this
stage.
(if) Tillering and Jointing stage

This stage starts after the CRI stage and last up to 40-45 days after
sowing or near about 2-3 weeks after CRI stage. At end of tillering stage
I.e. 45-60 days after sowing the jointing stage is started which is the peak
plant growth condition. During this period temperature tends to be the
lowest in the year 1-4°.

(iii) Reproductive stage

At jointing stage the vegetative growth of the crop is completed
and the crop then goes to reproductive stage. This stage lasts 60-85 days
after sowing. At this the average daily maximum temperature shows
increasing tendency.

3.3 Statistical methodology used for the development of models:

The weekly weather data covering full crop season from 15" April
(about a fortnight before sowing) to harvest were utilized for studying the
effects of weather variables on yield while data of partial crop season
were utilized for developing forecast models. Data for a fortnight before
sowing were considered as this period is expected to have effect on

establishment of the crop.
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3.3.1 Statistical models for studying the relationship between weather
variables and crop yield

The statistical models have been proposed by expressing effect of
changes in weather variables on yield in w™" week as a linear function of
respective correlation coefficients between yield and weekly weather data
(Agrawal et al. 1986). Trend effect on yield is also 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 are also studied. In all, we have considered seven models.

Model I: The first model given by Agrawal et al. (1986) is

Y=a+by) X, D huw Xy +b,D rew, X, +CT +e
w=1 w=1 w=1

where Y is crop yield (g/ha), a, b; (j=0, 1, 2) and c are model parameters,
n is number of weeks up to the time of harvest, w is the week
identification, X,, is the value of weather variable under study in the w™
week and ryw) IS correlation coefficient between yield and weather
variable in w" week. T is trend variable (Time index) and e is error terms

assumed to follow independently normal distribution with mean zero and

constant variance 2.
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Model 11: In fact, the model Il is deduced from the model | by deleting

the term b,Z, The model becomes as follows.
Y=a+byZy+bZ;+CcT+e ...(3.3.1.2)

Model 111 & 1V: These models are same as models | and I, respectively

except that ryyw) is obtained using yield adjusted for trend effect.

Model V: This is obtained by including quadratic terms of weather

variables and correlation coefficients in model I, as such the model

becomes.
n n n » N o
Y =a-+ bo z XW + bl z er(W)XW + b2 z er(W)XW + bOO ZXW
w=1 w=1 w=1 w=1

2
+ by z: r 2y(W)X +b22 z: r 2y(W)XW +CT +e

=a+ bozo + blzl + b222 + bOOZOO + bllzll + b22222 + CT + € (3313)

Model VI: This is obtained by deleting the quadratic terms b,Z, and

b,,Z5, in model V, as the model becomes:

Y =a-+ bozo + blzl + bOOZOO + bllzll + CT + € (3314)

Model VII & VIII: The models are same as models V and VI,
respectively, except that correlation coefficients are obtained using

adjusted yield for trend effect.

40



Materials and statistical methodology

Data on relative humidity have been transformed into arc-sine root
proportion as they were in percentage. Stepwise regression was used to
select significant generated weather indices (independent variables in the
models).

The effects on yield per unit change in weather variables in w™
week have been calculated by differentiating the models with respect to
Xw.

Forecast model and time of forecast

The following model including single and various combinations of

weather variables to exhibit their interaction effects on crop yield was

fitted using partial crop season data.

p 1 p 1

Y=a+) Y bZ;+ > > byZy +cT +e ...(3.3.1.5)

i=1 j=0 i#i'=1j=0

m .
where Z,=>r’,

w=1

Y is yield, p is number of weather variables used, m is number of

weeks considered for the model building, r;, /r;;, are the correlation
coefficients of yield and the i weather variable (X;) the product of the
two weather variables (X;and X;.) in w week (i,i’=12,....6) T is time
trend variable. a, bjj, bi-j and ¢ are model parameters. e are error terms

assumed to follow independently normal distribution with mean zero and
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variance o. The model has been fitted for different values of m (m=13,
14, ...., 17). The data after 15" week have not been used as the idea was
to forecast yield well in advance of harvest.
3.3.2 Development of statistical forecast models applying

discriminant function analysis of data on weather variables

The primary objective of this technique is to develop a suitable
statistical methodology for obtaining pre-harvest forecast models for
yield of Ayodhya crop on the basis of discriminant function analysis. For
achieving this, relationships between meteorological data and
corresponding de-trended 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 model, it is often employed in order to investigate observed
differences when causal relationships are not well understood.

The steps of discriminant function analysis are
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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.

The technique of discriminant function analysis is used to identify an
appropriate function that discriminates best between set of observations
from two or more groups and classifying the function observations into one
of the previously defined groups. This technique is a multivariate technique
viz. discriminant function analysis discussed in many standard books, to
mention a few, Anderson (1984), Hair et al. (1995), Sharma (1996),
Johnson and Wichern (2006) etc. However, few conceptual aspects of
technique is given below.

Discriminant function in case of two groups

Consider a linear function of the form
DF = %1, X, ..(3.3.2.1)
i=1

where X; is the i weather variable used to discriminate the groups and I; is

the corresponding discriminant coefficient, p being the number of weather
variables. DF is a scalar quantity which is generally designated as

discriminant score based on X;’s and [; ’s.
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The optimal value for the weighing coefficient, |;, 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

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

where Xi, X,,., Xp are deviations from their respective group means and
d, = X;; — X, for i=1,2,...,.p. Xj; and X;, are means of i variable in two
population. In matrix notation

Sl=d

where S is the discriminant dispersion matrix given by

R GED> S ¢ S SX1Xp
2
_ X5 e 2X1X
S= P - (SIJ )
2
pr

where S is the value corresponding to the i™" and j™ variables in matrix S.
| and d are column vectors of discriminant coefficients and differences in
group means respectively. The value of I can be obtained as

| =s 14

The adequacy of the function is tested with the help of F test as
44



Materials and statistical methodology

nyna(ng+nz—p-1) 1 ...(3.3.2.2)
(np+no)p

F(pny+n—p-1) =

p : - :
where, D2=31;d; (known as Mahalanobis D? statistics), d; is the
i=1

difference in means i.e. Xj,—X;, for the i" variable, ny, n, are the number
of units in the two groups and X;; & X;, are means of the i"" variable for

the two groups.
The discriminatory point S; for classifying individual years into two

groups is calculated as

s, - (NS +nzS,) .(3.3.2.3)
’ (ng+n,)

p p - _
where S; = X I;X;; and S, = I X;, and S, & S, are the corresponding
i=1 i=1

group cancroids. 1 and 2 denote the groups.
Fisher’s discriminant function in the case of several groups:

Consider a linear function of the form
p
DF= YL, X; =I'X ....(3.3.2.4)
i=1

where DF is discriminant function, 1'=(l,l5,...1,), X' = (X1, Xz, ... Xp),

X; is the i weather variables under interest used to discriminate the groups

and I; is the corresponding discriminant coefficient, p is the number of
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weather variables. Consider that there are g groups. Assume that variance-

covariance matrix £(j=12,...,k) are same i.e. £;=% ,=...=% , =3.
j

Let n; be the size of j" group (j = L....., k) and Xjjm be the m™

observation of i variable in j" group (m=1, 2, ..., nj). Then mean of j"

: . oo 1 _
group for i" variable is Xjj=— X Xijm and overall average for i
nJ :
variable is given by
ko k Nj
2055 22 X
kv j=1 j=1 m=1
Xi =5 ==
an an

LetX' =Xy, X,...X, and X = (X,;, X, X )

k '
Let B=Y" (X, - X)X, -X) be between group matrix of sum of squares

=1

and cross products and let A = Z(n -1, = > nz (X XjXij —Xj)’
j=lm=1

be the pooled matrix of sum of squares and sum of products, where S; is a
matrix of sample sum of squares and cross product within j* group. The
matrices A and B are independent. Consequently A/(ny+ny+ ... +ng-K) =
Spooled 1S an estimated of ..

The vector | is obtained by maximizing the ratio % and

substituting the value of | in equation (3.3.1.4) the discriminant function

IS obtained.
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In terms of eigen-values and eigenvectors, the discriminant
function will be as follows:
Let A1, Aa,..., As denote the s< min (g-1, p) non- zero eigen-values of AB
and ey, ey, ..., e be the corresponding eigenvectors (scaler so that ' Syooled
e=1).

Then vector of coefficients | that maximize the ratio
Ek,( )( )
Y (% =xhx. =x) |l
I'Bl { : : }

j=1

m

S S

g
is given by [=é. The linear combination i%is called the sample first
discriminant function. The choice [,=é produces the sample second
discriminant function 1}, .Continuing I/x=6x is the sample k"
discriminant function, k<'s. For example, if g=3 and p=4, then minimum
of (g-1, p)= minimum (2, 4), that is 2. Therefore, there will be 2
discriminant functions for three groups.
Determination of number of discriminant scores

Consider that observations are classified into k non-overlapping
groups on the basis p variables. The technique identifies linear functions
where the coefficients of the variables are determined in such a way that
the variation between the groups gets maximized relative to the variation

within the groups. The maximum number of discriminant functions that
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can be obtained is equal to minimum of (k-1) and p. These functions are
used to classify the observations into different groups.

Development of statistical forecast models

In order to apply discriminant function analysis for modeling yield
using weather variables, crop years under consideration have been
divided into three groups, namely adverse, normal and congenial on the
basis of crop yield adjusted for trend effect. Data on weather variables in
these three groups were used to develop linear discriminant functions and
the discriminant scores were obtained for each year. These discriminant
scores were used along with year index (trend variable) as regressors and
crop yield as regressand in developing the forecast models. In the present
study the number of groups is three and number of weather variables is
six, therefore only two discriminant functions can be obtained which are

sufficient for discriminating a crop years into either of the three groups.
Three groups of crop year s, viz. adverse, normal and congenial
have been obtained as follows: Let y and s be the mean and standard

deviation of the adjusted crop yields of n years. The adjusted crop yields

less than or equal to y—s would form adverse group, the adjusted crop

yields between y—s and y+s would form normal group and adjusted

crop yields above or equal to y+s would form congenial group. The
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adjusted crop yields were assigned codes 1, 2 and 3 if they belong to

adverse, normal and congenial groups, respectively.

It is also known that weather variables effect the crop differently
during different phases of crop development. Its effect depends not only
on its magnitude but also on its distribution pattern over the crop season.
Therefore, using weekly weather data as such in developing the model
process a problem as number of independent variables in the regression
model would increase enormously. To solve this problem, following
weather indices have been developed using the procedure of Agrawal et

al. (1983, 1986).
Zij = Zri\jvxiw/z rivjv
w=1 w=1

n . n .
Z.. =Yrl xiwxrw/ > rl. j=0,1andi=1,2,...,p. (3.3.2.5)
w=1 1w

] w=1 1w

where Z;; is un-weighted (for j=0) and weighted (for j=1) weather indices

for i weather variable and Z; ;is the un-weighted (for j=0) and

i,
weighted (for j=1) weather indices for interaction between i and i
weather variables. X;, is the value of the i weather variable in w™ week,
riw/tin is correlation coefficient of yield adjusted for trend effect with it

weather variable/product of i" and i'™" weather variable in w™ week, n is

the number of weeks considered in developing the indices and p is
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number of weather variables. Here, p=7 and n=15, i.e. 15 weeks data
from 44™ week to 52" week of a year and 1% week to 6 week of the
next year have been utilized for constructing weighted and un-weighted
weather indices of weather variables along with their interactions. Here
only the first 24 years data from 1990-91 to 2016-17 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. In the development of pre-harvest model based on
discriminant function analysis the entire 15 weeks data from 44" SMW to
52" SMW of a year and 1% SMW to 6" SMW of the next year have been
utilized for constructing weighted and un-weighted weather indices of
weather variables along with their interactions. In all 56 indices (28
weighted and 28 un-weighted) consisting of 7 weighted and 21 weighted
interaction weather indices and 7 un-weighted and 21 un-weighted
interaction weather indices have been constructed. For quantitative
forecasting, linear regression models are fitted by taking the discriminant
scores and the trend variable as the regressors and crop yield as the

regressand. The following models are considered.

Model-A:
This model is based on the method given by Agrawal et al. (1986)

for developing forecast model using weather indices. This is not based on
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discriminant function analysis. In this model the entire 15 weeks data
from 44" SMW to 52" SMW of a year and 1 SMW to 6" SMW of the
next year have been utilized for constructing weighted and un-weighted
weather indices of weather variables along with their interactions
following the formula given equation (3.3.2.5). In all 56 weather indices
(28 weighted and 28 un-weighted) consisting of 7 weighted weather
indices and 21 weighted interaction indices, and 7 un-weighted weather
indices and 21 un-weighted interaction indices have been obtained.
Considering these 56 indices and trend variable (T) as regressors and
yield as dependent variable, forecast model has been developed. The

model fitted is

p 1 p 1
Y=ao+z Z ajj Zij+ Z Z an’,- Zii*j+CT+ &
i=L =0 i1 j=0
n . n H .
where Z” = > I‘i{NXiW/ >, I’i{N ] = O,l
w=1 w=1

Ziii = z rJ qux.w/ > rJ

Y is the original crop yield, X, is the value of the i"" weather
variable in w™ week, ri./ri+, is correlation coefficient of yield adjusted for
trend effect with i weather variable/product of i and i™ weather
variable in w™ week, n is number of weeks considered in developing the

indices respectively and p is number of weather variables used. ao, ajj, aii

and c are the model parameters. T is trend variable (T=1,2,3,...... ,n) and
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¢ is error term assumed to follow independently normal distribution with
mean zero and variance o°. The step-wise regression analysis was
employed to develop the forecast model.

Model-Dx:

This model is the 2" model of Agrawal et al. (2012). This model
utilizes the complete data over 15 weeks and also considers relative
Importance of weather variables in different weeks. Using seven weighted
weather indices of seven weather variables as discriminating variables,
discriminant function analysis has been carried out and two discriminant
functions have been obtained. Two sets of discriminant scores for the
years under consideration from these two discriminant functions were
obtained. For developing forecast model, these two sets of discriminant
scores along with the trend variable were utilized as the regressors and
the yield as the regressand. The form of model considered is as follows:

Yy = fo+ pidsi+ fadsy+ faT+e
where  fo= intercept of the model,
y = crop yield
i (1=1,2,3)= the regression coefficients
ds; and ds, are the two discriminant scores. T is trend variable
(T=1,2,3,...... ,n) and & is error term assumed to follow independently

normal distribution with mean 0 and variance 2.
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Model-D::

This model is 4" model of Agrawal et al. (2012).Two discriminant
functions and therefrom two sets of discriminant scores have been
obtained using the first week data (44" SMW) on seven weather
variables. Next, two sets of discriminant scores obtained from first week
and the second week (45% SMW) data on seven weather variables data
have been used as discriminating variables, so in all there were 9
discriminating variables, and based on these 9 discriminating variables
the discriminant function analysis has been done and, therefore, two sets
of discriminant scores have been obtained. This process was repeated up
to the last week till the time of forecast (6" SMW or 15% week) and
finally two sets of discriminant scores have been obtained. Based on these
two sets of discriminant scores, the forecasting model taking yield as the
regressand and the discriminant scores and the trend variable as the
regressor variables has been fitted. The form of model considered is as
follows:

y = o+ pidsi+ fadsyt faT+e
where  y=crop yield
So = intercept of the model

Bis (1=1,2,3)= the regression coefficients
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ds; and ds, are the two discriminant scores. T is trend variable
(T=1,2,3,...... ,n) and ¢ is error term assumed to follow independently
normal distribution with mean 0 and variance o°.

Model-Ds:

In this procedure, all 56 (weighted and un-weighted including
interaction indices) have been used as discriminating variables in
discriminant function analysis and two sets of discriminant scores from
two discriminant functions have been obtained. Forecasting model has
been fitted taking un-trended yield as the regressand variable and the two
sets of discriminant scores and the trend variable (T) as the regressor
variables. The form of the model fitted is as follows:

Yy = o+ pidsi+ fodsyt faT+e
where y = crop yield
So = intercept of the model
Bis (1=1,2,3)= the regression coefficients
ds; and ds, are the two discriminant scores. T is trend variable
(T=1,2,3,...... ,n) and ¢ is error term assumed to follow independently
normal distribution with mean 0 and variance &*.
Model-Da:
In this procedure, 7 weighted and 7 un-weighted weather indices

have been used as discriminating variables. Now, based on these 14
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indices, the discriminant function analysis has been done and two sets of
scores have been obtained. On the basis of these two sets of scores, the
regression model has been fitted taking the yield as the regressand and the
two sets of scores and the trend variable (T) as the regressors. The fitted
model here is

Yy = o+ pidsi+ fodsy+ faT+e

where y=crop yield
So = intercept of the model
Bis (1=1,2,3)= the regression coefficients

ds; and ds, are the two discriminant scores. T is trend variable
(T=1,2,3,...... ,n) and ¢ is error term assumed to follow independently
normal distribution with mean 0 and variance &*.
Model-Ds:

In this procedure, discriminant function analysis has been carried
out using the un-weighted and weighted average (weather indices) for the
first weather variable (here, discriminating factors will be only two).
Using the two sets of discriminant scores on the basis of first weather
variable, and un-weighted and weighted average (weather indices) for the
second weather variable, discriminant function analysis has been further
carried out (here, the discriminating factors will be 4). This process is

continued up to seven weather variables, and finally we get two sets of
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discriminant scores ds; and ds,. Using crop-yield as regressand and
discriminant scores ds; & ds; and the time trend T as regressor variables,
the following model is fitted for the development of forecast model.
y =po+ fidsi+ fodsy+ faT+e
where y= crop yield
So = intercept of the model
Bis (1=1,2,3)= the regression coefficients
ds; and ds; are the two discriminant scores
T is trend variable (T=1,2,3,...... ,n) and & is error term assumed to
follow independently normal distribution with mean 0 and variance &2.
Model-De:

In this procedure, discriminant function analysis have been carried
out using weekly data of the first weather variable spread over 15 weeks
as discriminating variable. Using two sets of discriminant scores obtained
from two estimated discriminant functions based on data of the first
weather variable and 15 weeks data of the second variable, discriminant
function analysis has been again performed and two sets of discriminant
scores are obtained (here discriminating variable will now become 17).
Using these two sets of discriminant scores and 15 weeks data of third
weather variable have been again used to carry out discriminant function

analysis and subsequently two sets of discriminant scores have been
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obtained. This process is continued up to seven weather variables, and
ultimately we get two sets of discriminant scores ds; and ds,. These two
sets of scores and the trend variable (T) as the regressor variables and
crop-yield as the regressand were utilized to develop fitting forecast
model by the following model.
y = o+ pidsi+ fodsy+ fiT+e
where y= crop yield
So = intercept of the model
Bis (1=1,2,3)= the regression coefficients
dsi and ds; are the two discriminant scores
T is trend variable (T=1,2,3,...... ,n) and ¢ is error term assumed to
follow independently normal distribution with mean 0 and variance &°.
3.3.3 Development of statistical forecast models applying principal
component analysis
It may be possible that the auxiliary variables used in the
regression model at district level may be highly correlated and may valet
the final results. In such situations, principal component analysis can be
performed and first few principal components may be used as the
independent variables in the regression model at the district level for the
development of pre-harvest forecast model. We first briefly describe the

principal component analysis.
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Principal component analysis

Principal component analysis primarily deals with explaining the
variance and covariance structure through a few linear combinations of
original variables. The objectives are (1) data reduction (2) interpretation.
In fact, Principal Component Analysis is more of a means to an end rather
that an end in itself because this frequently serves as intermediate steps in
much large investigation by reducing the dimensionality of the problem
and providing easier interpretation. It is a mathematical technique, which
does not require user to specify the statistical model or assumption about
distribution of original variables. It may also be mentioned that principal
components are artificial variables and often it is not possible to assign
physical meaning to them. Further, since principal component analysis
transforms original set of variables to new set of uncorrelated variables, it
Is worth stressing that if original variables are uncorrelated, and then
there is no point in carrying out principal component analysis.

Let the random vector X' = (X1, Xz, ..., Xp) have the variance -
covariance matrix Y, with eigen values A > A, > ... A, > 0. These p
components variables are required to reproduce the total system of
variability. But, quite often this variability can be accounted for by a
small number of k principal components (k<p). The k principal

component can then replace the initial p variables, and the original data
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set, consisting n measurements on p variables is reduced to one
consisting of n measurement on k principal component (k<p).
Consider the linear combinations

PC, =" X =l X, + X, + 4+ £, X

If’C2 =0, X =L, X+, X, + o+, X (3331
I.DCp =0 XK =L, Xy + L, Xy + o+ X
We also have
Var(PC;)=1/>", =12 ..,p ...(3.3.3.2)
Cov(PC;,PC)=ri> 0y i, k=12, ..,p ...(3.3.3.3)

The principal components are uncorrelated linear combinations
PC,, PC,, ..., PC,, whose variances in (3.3.3.2) are as large as possible.
The first principal component is the linear combination with

maximum variance. i.e, it maximizes var(PC,)=¢;> ¢,. It is clear that
var(PC,)=¢,> ¢, can be increased by multiplying any ¢, by some

constant. To eliminate this indeterminacy, it is convenient to restrict

attention to coefficient vectors of unit length. Therefore, we can define

First principal = linear combination ¢, Xthat maximizesVar(¢,X)
component subject to ¢, =1

Second = linear combination ¢,X that maximizes Var(¢,X)
principal subject to #,¢, =1 and Cov(#/X, ¢,X)=0
component
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i" principal = linear combination /X that maximizesVar(¢,X)
component subject to ¢/¢, =1 and Cov(¢/X, ¢/ X)=0

Let e, ey..., e, be the Eigen-vectors corresponding to Eigen-
values A1 > A, > ... Ap > 0 of variance-covariance matrix Y, X'=(X1, Xz,
..., Xp). The i principal component is given by

PCi=e"1X= eniXqtenXot ... +epiXp;i=1,2, ..., p ...(3.3.3.4)
with the variance of PC; given by

var(PC))=¢> e =4 i=1,2,...,p ...(3.3.3.5)

and
Cov(PC,,PC,)=¢/> e, =0,i#k=1,2,...,p ...(3.3.3.6)
If some A; are equal, the choices of the corresponding coefficient
vectors ej, and hence PC;, are not unique. The principal components are
uncorrelated and have variance equal to eigen-values of > .
We have other important results. Let o7 be the variance of X;,

1=1,2,..., P., then we have

b

p p

of +0g +o+oh =Y Var(X) =4 + 4, +---+ A, = Y Var(Y,) ...(3.3.3.7)
i=1 i=1

That is the total population variance of +o; +---+ 0z =4 + 4, +---+ 4, and

consequently, the proportion of total variance due to (explained by) the

k™ principal component is
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Proportionof total
population variance A

= ! k= 13 27"'3 3338
duetok" principal | A4 +A,+--+4, p ( )

component

If most (for instance, 80 to 90%) of the total population variance,
for large p, can be attributed to the first k (k<p) components, then these
components can ‘replace’ the original p variables without much loss of
information.

Each component of the coefficient vector e'i=[ei1, ..., €, ..., €pi]
also merits inspection. The magnitude of e measures the importance of
the k™ variable to the i principal component, irrespective of the other
variables. In particular, ey is proportional to the correlation coefficient
between Y; and X.

So we have another important results that if Y;=e'1 X, Y,=e".X....,
Y= e'2X are the principal components obtained from the covariance

matrix ), then

zeki\/z . q k_l 2
pyixk \/O'_kk M s 7-'-9p

are the correlation coefficients between the components Y; and the

...(3.3.3.9)

variables Xyx. Here (A1, €1), (A2, €2),..., (Ap, €p), are the eigen values- eigen

vector pairs for ).
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Proposed models for pre- harvest forecast of crop yield

Let PC,, PCy, ...... , PCx be first k (k< p) principal components
explaining variability up to 90 percent. Using these k principal
components as regressor variables and crop yield (y) as regressand, the
following pre-harvest forecast models are proposed.

Model-Pu:

In this procedure, 7 un-weighted weather indices of Seven weather
variables have been used as p=7 variables in the principal component
analysis. Suppose that principal component analysis has identified some
first k principal components as most significant ones as per loading have
explained more than about 75 percent of the total variance. Therefore,
these first k principal components have been used along with the trend
variable (T) were utilized as the regressors and the yield as the regressand
in multiple linear regression model. The form of model considered is as
follows:

Y =Bg +BPC; +B,PCH +.......... +BPCy +3T +¢e

where Y is the crop yield, Bi's (1=02,....k)and & are model parameter,

PC, PC,......PCy are principal components, T is the trend variable and e
is error term assumed to follow normal distribution with mean zero and

variance o°
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Model-Pz:

In this model, 7 weighted weather indices of seven weather
variables have been used in principal component analysis. The principal
component analysis has identified first k principal component as more
significant once as per loading have explained more than 75 percent of
the total variance. Therefore, these first k principal components have been
used along with the trend variable (T) were utilized as the regressors and
the yield as the regressand in multiple linear regression model. The form
of model considered is as follows:

Y =By +B1PC; +B,PCH +...... +BPCy +3T +¢e

where the notations stand as usual as described in model-1.
Model-Pa:

In this procedure, all 56 weather indices (28 weighted and 28 un-
weighted) consisting of 7 weighted weather indices and 21 weighted
interaction indices, 7 un-weighted weather indices and 21 un-weighted
interaction indices have been used as 56 variable (p=56) in principal
component analysis. If first k (k<p) principal components as most
significant once as per loading have explained more than about 75
percent of the total variance, then these first k principal components have

been used along with the trend variable (T) were utilized as the regressors
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and the yield as the regressand in multiple linear regression model. The
form of model considered is as follows:

Y =Bg +BPC; +B,PCH +.......... +BPCy +3T +¢e

where the notations stand as usual as described in model-1.
Model-Pa:

In this model, 7 weighted and 7 un-weighted weather indices of
seven weather variables have been used as p=14 variables in the principal
component analysis. Suppose that principal component analysis has
identified some first k principal components as more significant ones as
per loading have explained more than about 75 percent of the total
variance. Therefore, these first k principal components have been used
along with the trend variable (T) were utilized as the regressors and the
yield as the regressand in multiple linear regression model. The form of
model considered is as follows:

Y =By +B1PC; +B,PCH +....... +BPCy + 3T +¢e

where the notations stand as usual as described in model-1.
Model-Ps:

In this model, 7 un-weighted and 21 un-weighted interactions
weather indices of seven weather variables have been used in principal
component analysis. Suppose that principal component analysis has

identified some first k principal components as more significant once as
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per loading have explained more than 75 percent of the total variance.
Therefore, these first k principal components have been used along with
the trend variable (T) were utilized as the regressors and the yield as the
regressand in multip le linear regression model. The form of model
considered is as follows:

Y =By +B1PC; +B,PCH + ... +BPCy +3T +¢

where the notations stand as usual as described in model-1.
Model-Pe:

In this model, 7 weighted and 21 weighted interactions weather
indices of seven weather variables have been used in principal component
analysis. Suppose that principal component analysis has identified some
first k principal components as more significant once as per loading have
explained more than 75 percent of the total variance. Therefore, these
first k principal components have been used along with the trend variable
(T) were utilized as the regressors and the yield as the regressand in
multiple linear regression model. The form of model considered is as
follows:

Y =Bg +B1PC; +B,PCy +....... +BPCy +0T +e

where the notations stand as usual as described in model-1.
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3.4 Measures for the comparison and validation of different
models
Different models have been used in the present study for the
comparison and the validation of the models developed. These models are
given below:
R? (Coefficient of Determination):
It is in generally used for checking the adequacy of the model. R? is

given by the following formula;

SS res
SS,

R2=1-

where sSs and ss; are the residual sum of square and the total sum of
square respectively.

R? never decreases when a regressor is added to the model,
regardless of the value of the contribution of the variable in the model.
Therefore, it is difficult to judge whether an increase in R? is really
important. So, it is preferable to use Adjusted R? when models to be
compared are based on different number of regressors. Adjusted R? is

given by the following formula

de' —1— SS res (n_ p)
: ss, /(n-1)

where n is the number of observation and p is the number of

regressor variables. The total mean square is constant regardless of how
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many variables are in the model. On adding a regressor in the model
Adjusted R? increases only if the addition of the regressor 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 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:

o (actual yield- forecasted yield)
Percentage deviation = x100

(actual vield)

Percent Standard Error of the Forecast (CV):

Let y, be forecast value of crop yield and X, be the vector of

selected values for regressor variables for the yield is forecasted.

The variance of 9,as given in (Draper and Smith, 1998) is
obtained as
~ ~ ' i, V1
V(§,)=6X, (XXJ'X,
Where XX is the dispersion matrix of the sum of square and cross

products of regressor variables used for the fitting the model and &7 is the

estimated residual variance.
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The percent standard error (PSE) of forecast yield 9, is given by

JV(¢)
PSE = *x100
Forecast yield

Infact, the PSE is the coefficient of variation (C.V.) of forecast yield.

Root Mean Square Error (RMSE):

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

RMSE is given below

RMSE =H3i(oi Ei)ZH;

Nz
where O; and the E; are the observed (actual) 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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Chapter-1V
RESULTS AND DISCUSSION

This chapter deals with results, salient findings and discussion of the
study undertaken. Various pre-harvest forecast models as described in the
preceding chapter have been developed. The results, salient findings and
discussion are presented in the following order:

4.1 Statistical models for studying the relationship between weather variables
and crop yield.

4.2 Pre-harvest forecast models using discriminant function analysis of
weekly data of weather variables.

4.3 Pre-harvest forecast models using principal component analysis of weekly
data of weather variables.

4.1 Statistical models for studying the relationship between weather
variables and crop yield

We have studied eight models to explore best possible relationship
between crop yield and individual weather variable. The fitted models by
step-wise regression analysis for each weather variables along with values of
R?/ adj R? are given in Appendix-1. A summary of fitted models in terms of
the values of the coefficient of determination (R?) for the eight models
studied are presented in the Table 4.1.1. Perusal of the results of the Table-

4.1.1 indicate that (i) models using correlations based on yield adjusted for
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trend effect were better than the once using simple correlations, (ii) inclusion
of quadratic terms of weather variables and also second power of correlation
coefficient did not improve the model in general. However, the model V &
VI have come out to be the exactly same after fitting them with data using
step-wise regression analysis. We have chosen the model- V to study effects
of weather variables on wheat yield.

Table 4.1.1: Coefficient of determination (R?) under different models

Weather Model
Variables | T n NV | V | VI | Vvl Vv
Minimum | 054 | 054 | 044 | 044 | 062 | 0.62 | 0.44 | 0.44
Temperature | (1) (1) (1) (1) (1) (1) (2) (2)
Maximum | 054 | 054 | 038 | 038 | 054 | 054 | 0.38 | 0.38
Temperature | (1) | (1) | @) | @O | @) | @) | @ | O
ﬁiﬁ'&’ﬁy 053 | 053 | 038 | 038 | 055 | 055 | 0.38 | 0.38
Ay e e e e @ 0@
Eli'r?]ti'&’ﬁy 061 | 061 | 035 | 035 | 069 | 0.69 | 051 | 051
S O N B S € W B W B N e W B ) W )
rainall 066 | 066 | 051 | 051 | 0.63 | 0.63 | 051 | 051
(1) (1) (1) (1) (1) (1) 2 | @
rainy Day | 063 | 063 | 0.47 | 047 [ 069 | 069 | 050 |0.50
YYWlolololol ool
Wind 037 | 037 | 037 | 037 | 042 | 042 | 0.37 | 0.37
Velocity (2) (2) (2) (2) (2) (2) 3) | 3)

NB: The figures in parenthesis indicate the number of explicative variables
included in the models.

4.1.1 Effect of climatic variables on Wheat yield
The effects of one unit increase in weather variables over the average

yield at different growth stages of the crop have been computed and are given
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Table 4.1.2. The effects of one unit decrease below the average can be
obtained by reversing the vertical scale.
4.1.1.1 Effect of minimum temperature

The multiple regression equation (Model-V) obtained for minimum
temperature is given below.

Y =37.03+0.77Z, (R*=0.62)

The effects were obtained from

oY

X (w)

=0.77r

It can be observed from the Table 4.1.2 that during preparation,
sowing, emergence, and initial growth stages, the effect of 1°% above the
average have been found to be detrimental but 4" week has no effect.
However, during milking and dough formation stages, the effects were
fluctuating. The effects have been found to be beneficial during ripening and
harvesting stages.
4.1.1.2 Effect of maximum temperature

The multiple regression equation (Model-V) obtained for maximum
temperature is given below.

Y =34.05+0.463Z, (R2=0.54*%)

The effects were obtained from

oY

(w)

=0.463r
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During germination, preparation, sowing, emergence and initial growth
stages, the effect of 1°c above the average has been found to be detrimental.
However, during vegetative growth stage, the effects were beneficial in
general. The effects have been found to be beneficial during milking stage
but during reproduction and dough formation stages, the effects were
detrimental in general.
4.1.1.3 Effect of relative humidity (7 hr)

The multiple regression equation (Model-V) obtained for relative
humidity (7 hr) is given below.

Y =17.57+0.002Z,, (R2=0.55**)

The effects were obtained from

oY

X (w)

=0.002 x 2r

X2y (W) Xy

The effects were in general beneficial on the Ayodhya yield throughout
the crop growth period except in the harvesting stage.. Hence, arise in
humidity at 7 hr during maximum vegetative growth stage to ears stage could
be beneficial to the Wheat yield but the effect could be detrimental during
last five weeks i.e. harvesting stage.
4.1.1.4 Effect of relative humidity (14 hr)

The multiple regression equation (Model-V) obtained for relative
humidity (14 hr) is given below.

Y =-3.04+1.47Z, +0.016Z,, (R?>=0.69*)
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The effects were obtained from

oY
OX ()

= 1471y, +0.016%2r,, X,

The effects were in general detrimental on the Wheat yield throughout
the crop growth period except in the harvesting stage. Hence, arise in
humidity at 14 hr during harvesting stage could be small beneficial to the
Wheat yield. The effects were pronounced in 1% and 3" weeks.
4.1.1.5 Effect of wind velocity

The multiple regression equation (Model-V) obtained for wind velocity
Is given below.

Y =20.44+0.255Z,, (R?=0.42**)

The effects were obtained from

oY

=0.255%2r,y(w)X,,

xy(w)

One unit increase above the average weekly wind velocity has shown
detrimental effect on the crop yield during entire period of Wheat production
except in the vegetative growth stage.
4.1.1.6 Effect of Rainfall

The multiple regression equation (Model-V) obtained for rainfall is
given below.

Y =22.65+0.216Z, (R?=0.63**)

The effects were obtained from
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oY

(w)

=0.216r,

Xy (w)

The effect of increase of one unit in rainfall above the average weekly
rainfall have been found to be detrimental in general on crop yield during
entire period of wheat production except in reproduction, ears formation and
ripening stages. Hence, rainfall during reproduction to ripening stages could
be some beneficial to the Wheat vyield.
4.1.1.6 Effect of Rainy Day

The multiple regression equation (Model-V) obtained for Rainy day is
given below.

Y =22.44+0.024Z, -1.099Z, (R?=0.69**)

The effects were obtained from

oY

" 0.024 —1.099r 2y(w)

xy(w)

The effect of increase of rainy days above the average weekly rainy
days have been found to be detrimental in general on crop yield during entire
period of Wheat production except in reproduction, ears formation and
ripening stages. Hence, rainy days (mm) during reproduction to ripening

stages could be beneficial to the Wheat yield.
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Table 4.1.2 Percent change in yield per unit increase in weather variable
over its average value

Phases | SMW | Wee Temp. R.H. Wind | Rainfall | rainyday
k Min. | Max. | 7hr | 14 hr | Velocit
No. y

44 1 |-0528|-017 | 0.138 | 0.001 | 0.001 0.095 0.047

45 2 | -0394 |-008 | 0.025 | 0.003 | 0.054 -0.049 0.012

| 46 3 | 0051 {001 | 0024 | 0011 | 0.000 0.112 0.066
47 4 | 0141 |-021 | 0.030 |-0.006 | 0.143 -0.088 0.041

48 5 | 0152 |-0.25 | 0.001 |-0.004 | 0.282 0.114 0.068

49 6 | 0437 |-028 | 0.006 | -0.024 | 0.676 0.068 0.019

50 7 | 0459 |-023 | 0.107 | -0.031 | 0.165 -0.185 0.064

51 8 |-0.114 | -0.26 | 0.000 | 0.002 | 0.722 -0.232 0.282

52 9 | -0259 |-0.03 | 0.025 | -0.005 | 0.037 0.025 0.017

1 1 10 | -0.020 |-0.22 | 0.074 | -0.007 | 0.094 0.011 0.000
2 11 | -0564 |-0.04 | 0.012 | 0.016 | 0.900 -0.269 0.342

3 12 | 0.170 | 0.39 | 0.043 | 0.026 | 0.651 -0.118 0.073

4 13 | -0.277 | -0.04 | 0.019 | 0.001 | 0.132 0.054 0.164

5 14 | -0.723 | 0.12 | 0.000 | 0.013 | 0.207 -0.392 0.527

6 15 | -0.705 | 0.08 | 0.004 | 0.014 | 0.001 0.113 0.237

7 16 | -0.028 | -0.07 | 0.012 | 0.003 | 0.021 0.261 0.358

1 8 17 | 0241 | 023 | 0002 | 0.011 | 0.745 -0.058 0.019
9 18 | -0.296 | 0.25 | 0.090 | 0.011 | 0.958 -0.379 0.755

10 19 | -0.015 | 0.11 | 0.016 | 0.009 | 0.001 -0.104 0.167

11 20 | -0588 | -0.15 | 0.055 | 0.010 | 0.000 0.135 0.006

4.1.2 Forecast models and time of forecast

The forecast model given in Sub Section- 3.3.1.2 has been fitted with
the data by applying step-wise regression analysis for m=13, 14, 15, 16 and
17. The fitted models along with the values of the coefficient of
determination (R% R? adj) for the models at different points of time are given
in Table 4.1.2.1.
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Table 4.1.2.1 Details of forecast models fitted.

M Model R? R?
adj
Y =14.982-0191Z,, —0.031Z,, —0.005Z,,, —.007Z,,, —.006Z ., +.237T
13 88.8 | 85.4
(6.889)  (0.083) (0.007) (002)  (1.002) (.003) (.031)
Y =24.792 —.632Z.. —0.007Z — 0007z + .246T
14 H 2t 24t 87.4 | 85.1
(4.138) (0.119) (0.001) (0.002) (.030)
Y =2.144—-.2857.. —0.031Z,.. —0.011Z... +0.222T,
15 31 121 261 561 859 834
(4.86)  (0.072) (0.006)  (.003) (.032)
Y =40.306+0.232Z72.. +~0.008Z2 + 0.008z
16 31 141 261 745 711
(5.348) (0.072) (0.002) (0.003)
Y =22.947-0988Z,, +0.007Z,,, —0.006Z,,, —.009Z,,, —.023Z_,, +.260T
17 92.9190.8

(3.669)  (0.191) (0.003) (0.001) (.001) (.008) (.023)

Perusal of the Table 4.1.2.1 reveals that (4" week of March) is the

appropriate time for forecasting Wheat yield in Ayodhya district as there is

no improvement in the value of R? by including data of later periods. Finally,

the model fitted for m= 17 comes out to be

Y =22.947-0.988Z,, + 0.007Z

141

—0.006Z 5, —.009Z,,,, —.023Z,,, +.260T (R?=0.92)

It is obvious from the above model that un-weighted and weighted

weather indices of minimum temperature, weighted weather interaction of

wind velocity and rainy days including time trend variable (T) have appeared

as the important explicative variables.
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Yield forecast for 2014-15, 2015-16 and 2016-17 have been computed
using the fitted forecast model as stated above and are presented in the Table
4.1.2.2.Perusal of the results of the Table 4.1.2.2 indicate that forecast yields
were relatively close to the actual yield. The percent deviation of forecast
varied between 14.32 and 18.61. The percent standard errors of forecast yield
were found to be reasonably low for first two years but it is high for 2016-17.
Therefore, it can be concluded that a reliable forecast of Wheat yield can be
made by the aforesaid model one and half months before the harvest.

Table 4.1.2.2 Comparison between actual and forecast yields along with

statistical measures of Wheat in different years for M=24

ver | g | e | S| e | e
2014-15 20.600 26.219 27.278 14.320
2015-16 24.400 21.645 21.003 18.613 6.516
2016-17 32.890 24972 24.072 16.942

4.2 Pre-harvest forecast models using discriminant function analysis of
weekly data of weather variables

Statistical models for pre harvest forecast of the wheat yield in Ayodhya
district of Eastern Uttar Pradesh have been developed on the basis of weekly
data on weather variables viz., minimum temperature, maximum temperature,
relative humidity at 7 hour, relative humidity at 14 hour, rainfall, rainy days

and wind velocity using discriminant function analysis.
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Following the seven procedures described in Chapter-111, seven models
have been developed. Sowing of wheat starts generally from the first week of
November in Ayodhya district. Therefore, weekly data on the weather
variables have been considered from pre-sowing the 44" SMW of crop which
fall during the first week of November. It has been proposed to make pre-
harvest forecast of the wheat yield at the stage of milking / dough, about two
months before the harvest. Milking and dough stages generally start after
about 100 days of sowing. Therefore, 6" SMW of the next year (Feb.5-
Feb.11) has been considered the week of pre-harvest forecast. Thus, in all 15
weeks data on the weather variables (44" SMW of the previous year to 6™
SMW of the next year) have been utilized to develop the statistical models.

In order to carry out discriminant function analysis, the wheat yields
are adjusted for trend effect. The crop years have been divided into three
groups namely adverse, normal and congenial. The actual wheat yields,
adjusted wheat yield and the groups indicated by 1, 2, and 3 as adverse,
normal and congenial, respectively, are given in the Table 4.2.1.

Table 4.2.1 Actual and adjusted yield of wheat

Actual yiel Adj iel
Year C?é;h);)e d d l;g[f:a§/ eld Groups
1990-91 20.34 27.28 2
1991-92 21.42 26.42 2
1992-93 23.00 25.06 2
1993-94 20.89 27.39 2
1994-95 23.44 25.07 2
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1995-96 25.30 23.43 1
1996-97 25.02 23.93 1
1997-98 26.76 22.41 1
1998-99 23.97 25.42 2
1999-00 22.30 27.31 2
2000-01 26.26 23.57 1
2001-02 23.92 26.14 2
2002-03 21.79 28.49 2
2003-04 26.37 24.13 1
2004-05 23.77 26.95 2
2005-06 26.07 24.87 1
2006-07 26.83 24.34 1
2007-08 27.58 23.81 1
2008-09 28.1 2351 1
2009-10 26.05 25.78 2
2010-11 28.14 23.91 1
2011-12 29.56 22.72 1
2012-13 29.63 22.87 1
2013-14 23.34 29.38 2
2014-15 20.6 32.34 3
2015-16 27.4 25.76 2
2016-17 32.89 20.50 1

The models have been developed by utilizing 27 years data of wheat
yield (1990-91 to 2016-17) and remaining three years were left for the

validation of the model. The models developed are described below.
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Model -A

As already illustrated in Chapter-111 that technique of discriminant
function analysis has not been used in this model. Considering the actual
wheat yield as regressand and 56 weather indices generated (given in
Appendix-2) and time trend (T) as regressor variables, the model was fitted
using step-wise regression analysis. The results are presented below in the
Table 4.2.2,
Table 4.2.2 Estimate of regression coefficient of finally entered variables

along with their standard error.

_ Regression Standard Adjusted
S. No. | Variables o
coefficient error R? (%)
1 Constant 21.87** 0.998
2 Z1o 0.041** 0.233
3 Z20 0.027 0.160 34.9"
4 Z120 0.058 0.359
5 Trend 0.238** 0.062

* P<0.05, ** P<0.1
The Durbin-Watson result is non-significant according to tabulated
value and the table value for n=24 and k=3 is,
Forecast model- A
Y =21.87+0.041 Z10 +0.027 Z2o +0.058 Z129 +0.238T
where,  Zjp= unweighted average of minimum temperature.

Z1; = weighted average of minimum temperature.
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Zg70 = Weighted interaction between wind velocity and rainfall.

T=Timetrend (1, 2,....... 22)

These above three weather indices have been found significant
variables for forecasting the pre-harvest wheat yield at 6" SMW of crop-
production Milking/Dough Stage.

The model is validated by forecasting the wheat yield for the years
2014-15, 2015-16 and 2016-17. The results of validation are given in the
Table-4.2.3. The values of per cent deviation of forecast yield from actual
yield, % RMSE and %SE were also computed and are presented in the Table-
4.2.3.

Table 4.2.3 Validation of the Model-A

Actual | Predicted | R?% Percent
Year _ _ ) o PSE | RMSE
yield yield (Adj. R?) | deviation
2014-15 | 22.60 31.44 52.65 4.35
37.4%*
2015-16 | 27.40 26.98 1.51 5.62 6.94
(34.9%*)
2016-17 | 32.89 27.70 15.75 5.93
** P<0.1

It can be observed from the results of the Table-4.2.2 and Table-
4.2.3 that finally entered regressor variables were significant. The value of
adjusted R? is also quite high to the extent of 34.9%. The per cent deviation,
%SE and RMSE are also quite low indicating thereby that the model is best
fitted and it has high power to pre-harvest forecast wheat yield at

Milking/dough stage, about two months before the harvest.
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Model-D1

The discriminant function analysis was carried out to find out the
discriminant functions and discriminant scores. The estimated discriminant
functions, The classification results based on estimated discriminant
functions are given in Table 4.2.4.

Table 4.2.4 Classification Results

Predicted Group Total
CAT Membership
Original Count 1 2 3
1.00 8 3 2 13
2.00 3 10 0 13
3.00 0 0 1 1
% 1.00 61.5 23.1 15.4 | 100.0
2.00 23.1 76.9 0| 100.0
3.00 0 0| 100.0| 100.0

(95.0% of original grouped cases correctly classified).

It is obvious from the results of the Table 4.2.4 from that 95.00 per
cent of original grouped cases have been correctly classified indicating
thereby that discriminant factors used in discriminant analysis are sufficient
to classify the groups.

The discriminant score ds; and ds; and time trend (T) were considered
as regressor variables and actual Wheat yield as regressand for fitting the
regression model (Model-D,). The results of the fitted model are presented in
the Table 4.2.5.

82



Result and discussion

Table 4.2.5 Estimate of regression coefficient of finally entered variables

along with their standard error.

S. _ Regression Standard | Adjusted
Variables o
No. coefficient error R? (%)
1 Constant 22.119** 0.923
2 ds; 0.671 0.327 »
55.8
3 ds; 0.203 0.423
4 Trend 0.232 0.065

* P<0.05, ** P<0.1,

The Durbin-Watson result is non-significant according to tabulated value for

n=24 and k=3.

Forecast model- D1

Y =22.119+0.671 ds; +0.203 ds,+0.232 T

The model is validated by forecasting the Wheat yield for the year

2014-15 to 2016-17. The results of validation are given below in the Table

4.2.6.

Table 4.2.6 Validation of the model — D;

Year | Actual | Predicted | R2% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation
2014-15| 22.60 26.28 . 27.58 4.06
2015-16 27.40 28.43 61'5** 3.77 3.57 4.36
2016-17 | 32.89 28.00 (5587%) 1486 | 3.09
** P<0.1
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Model-D;

Following the procedure in Model-D; as described in Chapter-11l, the
discriminant function analysis was carried out. The estimated discriminant
functions, discriminant scores and other relevant. The classification results
based on estimated discriminant function are presented in the Table 4.2.7.

Tale 4.2.7 Classification Results

Predicted Group Total
CAT Membership
Original Count 1 2 3
1.00 10 2 1 13
2.00 2 11 0 13
3.00 0 0 1 1
% 1.00 76.9 15.4 7.7| 100.0
2.00 15.4 84.6 0| 100.0
3.00 0 0| 100.0| 100.0

(100.0% of original grouped cases correctly classified).

In this case 100 percent of original grouped cases have been correctly
classified.

The discriminant scores ds; and ds, and time trend (T) were considered
as regressor variables and actual Wheat yield as regressand for fitting the
forecast model. The results of the fitted model are presented in the Table

4.2.8.
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Table 4.2.8 Estimate of regression coefficient of finally entered variables

along with their standard error.

S.No. | Variables | Regression coefficient | Standard | Adjusted
error R? (%)
1 Constant 22 240%* 737
2 ds; ) *k
.816 241 65.4%
3 ds; 0.166 350
4 Trend 0.219 052

*P<0.05, ** P<0.1

The Durbin-Watson result is non-significant according to tabulated

value for n=24 and k=3.

Forecast model- D>

Y =22.242- 0. 816ds; + 0.166 ds, + 0.219T

The model is validated by forecasting the wheat yield for the years

2014-15, 2015-16 and 2016-17. The results of validation are given in the

Table-4.2.9

Table 4.2.9 Validation of the model- D>

Year Actual | Predicted | R?% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation

2014-15 22.60 26.11 26.79 4.86
69.9**

2015-16 27.40 28.08 2.50 3.32 4.25
(65.4*%)

2016-17 32.89 28.06 14.67 2.87

** P<0.1
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Model-Da:

Discriminant function analysis was carried out following the procedure
in Model-D3 as described in Chapter-I11. Two discriminant functions were
obtained and using these functions two sets of discriminant score were
computed for each year under consideration (1990-91 to 2016-17). The
estimated discriminant functions, discriminant scores and other relevant
results. The classification results obtained by estimated discriminant function
are presented in Table-4.2.10.

Table 4.2.10 Classification Results

Predicted Group Total
CAT Membership
Original Count 1 2 3
1.00 12 1 0 13
2.00 0 13 0 13
3.00 0 0 1 1
% 1.00 92.3 7.7 0| 100.0
2.00 .0 100.0 0| 100.0
3.00 0 0 100.0 | 100.0

(100.0% of original grouped cases correctly classified).

It is obvious from the above table that 100 percent of original grouped
cases have been correctly classified.

Forecast model was obtained by fitting regression model where
discriminant scores ds; and ds, and time trend (T) were considered as
regressor variables and actual Wheat yield as regressand. The results of the

fitted model are presented in the Table 4.2.11.
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Table 4.2.11Estimate of regression coefficient of finally entered variables

along with their standard error.

S. | Variables | Regression coefficient | Standard | Adjusted
No. error R? (%)
1 | Constant 22,654 613
2 ds; *k

0.680 122 28.9%
3 ds; 0.022 281
4 Trend 0.181 042

*P<0.05, ** P<0.1

The Durbin-Watson result is non-significant according to tabulated

value for n=24 and k=3.

Forecast model- D3

Y = 22.654+0.680ds1+0.022ds2+0.1817T

The Model-D3 has been validated by forecasting the Wheat yield for

the year 2014-15 to 2016-17. The results are presented in the Table 4.2.12.

Table 4.2.12 Validation of the model- D3

Year | Actual | Predicted | R2% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation
2014-15| 22.60 28.77 . 39.68 7.14
2015-16 27.40 29.44 81'0** 7.46 2.32 8.68
2016-17 | 32.89 26.16 (78:27%) 2043 | 2.25
** P<0.1
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Model-D4

Following the procedure in Model-D4 as described in the
Chapter-111, discriminant function analysis was carried out to find out
discriminant functions and discriminant scores for each year under
consideration. The two estimated discriminant functions, two sets of
discriminant score (ds; and ds;) and other relevant results.
The classification results based on the estimated discriminant functions are
presented in Table-4.2.13.

Table 4.2.13 Classification Results

Predicted Group Total
CAT Membership
Original Count 1 2 3

1.00 61.5 23.1 154 | 100.0

2.00 23.1 76.9 0| 100.0

3.00 .0 0 100.0 | 100.0

% 1.00 61.5 23.1 154 | 100.0

2.00 23.1 76.9 0| 100.0

3.00 0 0 100.0 | 100.0

(100% of original grouped cases correctly classified).
It can be seen from the results of the Table 4.2.17 that 100 percent of
original grouped cases have been correctly classified.
The forecast model was obtained by fitting regression model using
discriminant scores ds; and ds, and time trend as regressor variables and
actual Wheat yield as regressand. The results of the fitted model are

presented in the Table 4.2.14.
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Result

and discussion

Table 4.2.14 Estimate of regression coefficient of finally entered

variables along with their standard error.

S. : i
Variables Regression Standard | Adjusted
No. coefficient error R? (%)
1 Constant 99 118%* 924
2 dSl
-.671 327 55 8™
3 as; -.204 423
4 Trend 0.232 065

*P<0.05, ** P<0.1

The Durbin-Watson result is inconclusively according to tabulated

value for n=24 and k=3.

Forecast model- D4

Y =22.118- 0.671 ds;-0.204 dsz + 0.232 T

In order to validate the model, Wheat yields for the year 2014-15 to

2016-2017 were forecasted using the Model-D,4. The results are presented in
the Table 4.2.15.
Table 4.2.15 Validation of the model- D4

Year Actual | Predicted R? % Percent | PSE | RMSE
yield yield (Adj. R?) | deviation

2014-15| 22.60 26.23 27.35 4.07
61.6** -

2015-16 27.40 28.38 3.57 3.57 4.36
(55.8**)

2016-17 | 32.89 27.95 15.00 3.09

** P<0.1
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Result and discussion

Model-Ds:

Two discriminant functions and two sets of discriminant scores
(ds;&ds; ) have been estimated by carrying out discriminant function analysis
using the procedure in Model-D5 as described in Chapter—Ill . The estimated
discriminant functions, discriminant scores and other relevant results. The
classification results based on the estimated discriminant functions are
presented in the Table-4.2.16

Table 4.2.16 Classification Results

Predicted Group Total
CAT Membership
Original Count 1 2 3
1.00 8 3 2 13
2.00 3 10 0 13
3.00 0 0 1 1
% 1.00 61.5 23.1 154| 100.0
2.00 23.1 76.9 0| 100.0
3.00 .0 0| 100.0| 100.0

(100.0% of original grouped cases correctly classified).

It is evident from the results of the above table that only 100.0 percent
of original grouped cases have been correctly classified.

The regression model was fitted with discriminant scores ds; & ds; and
time trend (T) as regressor variable and actual wheat yield as regressand. The

results of the fitted model are presented in the Table 4.2.17.
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Result and discussion

Table 4.2.17 Estimate of regression coefficient of finally entered

variables along with their standard error.

) Regression Standard | Adjusted
S. No. | Variables o
coefficient error R? (%)

1 Constant 22 118** 924
2 ds -

1 0.671 327 55 g
3 ds -0.204 423
4 Trend 0.232 065

*P<0.05, ** P<0.1

The Durbin-Watson result is inconclusively according to tabulated

value for n=24 and k=3.

Forecast model- Ds

Y =22.118-0.671 ds1-0.204 ds2 + 0.232 T

The forecast Model-5 has been validated by forecasting the wheat yield for

the year 2014-15, 2015-16 and 2016-17. The results are presented in Table-

4.2.18

Table 4.2.18 Validation of the model- Ds

Year | Actual | Predicted | R2% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation
2014-15| 22.60 26.23 . 27.35 4.07
2015-16 27.40 28.38 61'6** 3.57 3.57 4,36
2016-17 | 32.89 27.95 (5587%) 1500 | 3.09
** P<0.1
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Result and discussion

Model-De:

Two discriminant functions and two sets of discriminant scores (ds; &
ds;) have been obtained by carrying out discriminant function analysis using
the procedure in Model-Dg as described in Chapter —Ill. The classification
results based on the estimated discriminant functions are presented in the
Table 4.2.19.

Table 4.2.19 Classification Results

Predicted Group Total
CAT Membership
Original Count 1 2 3
1.00 12 1 0 13
2.00 0 13 0 13
3.00 0 0 1 1
% 1.00 92.3 7.7 0 100.0
2.00 0 100.0 0 100.0
3.00 0 0| 100.0 100.0

(100.0% of original grouped cases correctly classif.ied).
It is obvious from the above results that 100.0 percent of original
grouped cases have been correctly classified.
The forecast model was obtained by fitting the regression model where
discriminant scores ds; & ds, and time trend (T) were considered as regressor
variables and actual Wheat yield as regressand. The result of the fitted model

are presented in the Table 4.2.20.
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Result and discussion

Table 4.2.20 Estimate of regression coefficient of finally entered

variables along with their standard error.

S. No. | Variables | Regression coefficient | Standard | Adjusted
error R? (%)
1 Constant 22.654*** 613
2 ds; 0.680*** 122
78.2™
3 ds; 0.022 281
4 Trend 0.181** 042

*P<0.05, ** P<0.1

The Durbin-Watson result is inconclusively according to tabulated

value for n=24 and k=3.

Forecast model- De

Y = 22.654+ 0.680ds:+0.022 dsz + 0.181 T

The forecast Model-Dg has been validated by forecasting the Wheat

yield for the year 2014-15 to 2016-17. The results are presented in the Table

4.2.21.

Table 4.2.21 Validation of the model-Ds

Year | Actual | Predicted | R2% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation
2014-15| 22.60 28.77 . 39.68 7.14
2015-16 27.40 29.44 81'0** 7.46 2.80 6.22
2016-17 | 32.89 26.16 (78:27%) 2043 | 2.25
** P<0.1
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Result and discussion

Comparison of the models:

Table 4.2.22 show that the actual and forecast Wheat yield based on
different forecast models for different years i.e. 2014-15, 2015-16 and 2016-
17.The values of percent deviation of forecast from actual yield, PSE (CV),
R2, R? Adj. and RMSE are also presented in this table. The values of Adj. R?
(%) and RMSE, the Model-Ds (78.2%) besides Model-A has been found to
be the best followed by the Model-D, (65.4%) and the Model-D; (78.2%).
The average percent standard error (PSE) value of the Model-A is 5.3 while
average PSE value of Model-D,;, D; and Ds are 3.68, 3.90 and 4.06,
respectively, which shows that these models are better for forecast. This
indicates that forecast of Model-Ds, D, and Ds have been most satisfactory
among all the models in Ayodhya district of Uttar Pradesh. Hence, a reliable
forecast of Wheat yield about one and half months before the harvest can be
obtained from the Model- D3, D, and Ds. The results of the Table 4.2.22 have
also been graphically presented in Fig. 1 to highlight the forecasting power of

the models.
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Result and discussion

Table 4.2.22 Estimate of important parameters for the comparison of

models.
Actual | Predicted Dercent Percent _
Model | Year yield yield | Standard R? | Adjusted RMSE
deviation (%) | R* (%)
(Q/ha) | (Q/ha) Error
A 2014-15 | 2260 |31.44 52.65 4.35
2015-16 | 27.40 26.98 1.51 562 | 374 | 349 6.94
2016-17 | 32.89 27.70 15.75 5.93
D: 2014-15 | 2260 26.28 27.58 4.06
2015-16 | 27.40 28.43 3.77 357 | 615 | 558 4.36
2016-17 | 32.89 28.00 14.86 3.09
D> 2014-15 | 2260 26.11 26.79 4.86
2015-16 | 27.40 28.08 2.50 332 | 699 | 654 | 425
2016-17 | 32.89 28.06 14.67 2.87
Ds |2014-15 | 9960 28.77 39.68 7.14
2015-16 | 27.40 29.44 7.46 232 | 810 | 782 8.68
2016-17 | 32.89 26.16 20.43 2.25
D4 2014-15 | 2260 26.23 27.35 4.07
2015-16 | 27.40 28.38 3.57 357 | 616 | 558 4.36
2016-17 | 32.89 27.95 15.00 3.09
Ds 2014-15 | 2260 26.23 27.35 4.07
2015-16 | 27.40 28.38 3.57 357 |61.60| 55.8 4.36
2016-17 | 32.89 27.95 15.00 3.09
Ds 2014-15 | 2260 28.77 39.68 7.14
2015-16 | 27.40 29.44 7.46 2.80 | 810 | 782 6.22
2016-17 | 32.89 26.16 20.43 2.25
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Result and discussion

4.3 Pre-harvest forecast models using principal component analysis of
weekly data of weather variables
Model-Px:

In this procedure, 7 un-weighted weather indices of seven weather
variables have been used in principal component analysis. The principal
component analysis has identified first two principal components as more
significant. Hence, these first three principal components have been used as
regressors in the development of forecasting model. The results of the fitted
model are presented in the Table 4.3.1.

Table 4.3.1 Estimate of regression coefficient of finally entered variables

along with their standard error.

S. _ Regression Standard | Adjusted
Variables o
No. coefficient error R? (%)
1 Constant 21.731*** 1.049
2 PC
1 .078 430 431

3 PC> -.047 524
4 Trend 261 075

* P<0.05, ** P<0.1
Forecast model- P:
Y =21.73+ 0.078 PC; - 0.047 PCy+ 0.261T
The forecast Model-P; has been validated by forecasting the Wheat
yield for the year 2014-15 to 2016-17. The results are presented in the Table

4.3.2
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Table 4.3.2 VValidation of the model — P;

Result and discussion

Year Actual | Predicted | R?% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation
2014-15 20.6 28.21 E05 36.96 3.63
2015-16 | 27.4 28.63 (43'1) 4,52 3.84 | 5.05
2016-17 32.89 28.74 ' 12.59 3.18
** P<0.1
Model-P;

In this procedure, 7 weighted weather indices of 7 weather variables
have been used in principal component analysis. The principal component
analysis has identified two principal component as more significant. Hence
two principal component has been used as regressors in the development of
forecasting model. The results of the fitted model are presented in the Table
4.3.3.

Table 4.3.3 Estimate of regression coefficient of finally entered variables

along with their standard error.

S.No. | Variables | Regression coefficient | Standard | Adjusted
error R? (%)
1 Constant 21.73]*** 1.049
2 PC
1 .078 430 431
3 PC. 047 524
4 Trend 261 075

* P< 0.05, ** P<0.1
Forecast model- P;
Y =21.731+ 0.078 PC; - 0.047PC,+ 0.261 T

The forecast Model-P, has been validated by forecasting the Wheat
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Result and discussion

yield for the year 2014-15 to 2016-17. The results of validation are given
below in Table 4.3.4.

Table 4.3.4 Validation of the model- P2
Year Actual | Predicted R2 % Percent PSE | RMSE
yield yield (Adj. R?) | deviation

2014-15 20.6 28.08 50.5 36.31 3.64
2015-16 27.4 28.56 (43'1) 4.26 3.85 4.97
2016-17 | 32.89 28.77 ' 12.52 4.18

** P<0.1

Model-P3

In this procedure, all 56 weather indices of Seven weather variables
have been used in principal component analysis. The principal component
analysis has identified first seven principal components as most significant.
Hence, these first seven principal components have been used as regressors in
the development of forecasting model. The results of the fitted model are
presented in the Table 4.3.5.

Table 4.3.5 Estimate of regression coefficient of finally entered variables
along with their standard error.

S. Variables Regression Standard | Adjusted

No. coefficient error R? (%)
1 Constant 21.475 1.218
2 PC: 178 418
3 PC, -.119 .588
4 PCs -.583 421

5 PC4 .016 461 44.3"
6 PCs .008 470
7 PCs 627 .393
8 PC; -.342 424
Trend 277 .087

*P<0.05, ** P<0.1
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Result and discussion

Forecast model- P3
Y =21.47+0.178 PC; - 0.119 PC,- 0.583 PCs+ 0.016 PC4+0.008 PCs+ 0.627
PCe -0.342PC; + 0.277T

The forecast Model-P; has been validated by forecasting the Wheat
yield for the year 2014-15 to 2016-17. The results of validation are given
below in Table 4.3.6.

Table 4.3.6 Validation of the model — P

Year Actual | Predicted R2 % Percent PSE | RMSE
yield yield (Adj. R?) | deviation
2014-15 20.6 28.30 637 37.40 4.34
2015-16 27.4 27.99 ' 2.17 451 5.14
(44.3)
2016-17 | 32.89 28.43 13.53 6.88
** P<0.1
Model-P4

In this procedure, 7 weighted and 7 un-weighted weather indices of
Seven weather variables have been used in principal component analysis. The
principal component analysis has identified first three principal components
as more significant. Hence, these first three principal components have been
used as regressors in the development of forecasting model. The results of the

fitted model are presented in the Table 4.3.7.
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Result and discussion

Table 4.3.7 Estimate of regression coefficient of finally entered variables

along with their standard error.

S. _ Regression Standard | Adjusted
Variables o
No. coefficient error R? (%)
1 Constant 21.965*** 1.108
2 PCy 108 439
3 PC
2 148 539 43.00
4 PCs 101 A79
S PC, -.587 439
6 Trend 240 079

* P<0.05, ** P<0.1
Forecast model- P4
Y=21.96+0.108PC;+0.148PC,-0.101PC3-0.587PC,4+0.240 T

The forecast Model-P, has been validated by forecasting the Wheat
yield for the year 2014-15 to 2016-17. The results of validation are given
below in Table 4.3.8.

Table 4.3.8 Validation of the model — P4

Year | Actual | Predicted | R?% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation

2014-15 20.6 28.16 36.73 4.28
(55.4)

2015-16 27.4 28.29 3.27 4.34 5.40
(43.00)

2016-17 32.89 27.44 16.56 6.61

** P<0.1
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Result and discussion

Model-Ps

In this procedure, 7 un-weighted and 51 un-weighted interactions
weather indices of Seven weather variables have been used in principal
component analysis. The principal component analysis has identified first
five principal components as more significant. Hence, these first five
principal components have been used as regressors in the development of
forecasting model. The results of the fitted model are presented in the Table
4.3.9.

Table 4.3.9 Estimate of regression coefficient of finally entered variables

along with their standard error.

S. _ Regression Standard | Adjusted
No. Variables coefficient error R? (%)

1 Constant 21.88*** 1.220

2 PCy 187 431

3 PC, 028 595

4 PCs -.623 432 40.7

5 PC4 075 472

6 PCs 038 485

7 Trend 246 086

* P< 0.05, ** P<0.1
Forecast model- Ps
Y =21.88 +0.187 PC1 +0.028 PC> - 0.623PC3+0.075PC4+0.038 PC5+ 0.246 T

The forecast Model-Ps has been validated by forecasting the Wheat
yield for the year 2014-15 to 2016-17. The results of validation are given

below in Table 4.3.10.
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Table 4.3.10 Validation of the model — Ps

Year Actual | Predicted | R?% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation

2014-15| 20.6 28.09 562) 36.40 | 4.47
2015-16 | 27.4 28.31 (40'7) 3.33 445 | 530
2016-17 | 32.89 27.64 ' 15.94 6.64

** P<0.1

Model-Pg

In this procedure, 7 weighted and 15 weighted interactions weather
indices of Seven weather variables have been used in principal component
analysis. The principal component analysis has identified first four principal
components as more significant. Hence, these first four principal components
have been used as regressors in the development of forecasting model. The
results of the fitted model are presented in the Table 4.3.11.

Table 4.3.11Estimate of regression coefficient of finally entered variables

along with their standard error.

S. Variables Regression Standard | Adjusted
No. coefficient error R? (%)
1 Constant 21.884*** 1.220
2 PC; 186 431
3 PC, 027 595
4 PCs -.623 432 40.7
5 PC, -.074 472
6 PCs .038 485
7 Trend 246 .086

*P<0.05, ** P<0.1
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Result and discussion

Forecast model- Ps

Y =21.884 +0.186 PC1+0.027 PC> - 0.623 PC3- 0.074 PC4+0.038PCs+ 0.246 T
The forecast Model-Ps has been validated by forecasting the Wheat

yield for the year 2014-15 to 2016-17. The results of validation are given

below in Table 4.3.12.

Table 4.3.12 Validation of the model — Ps

Year Actual | Predicted | R?% Percent | PSE | RMSE
yield yield (Adj. R?) | deviation
2014-15 20.6 27.35 32.76 4.60
(56.2)
2015-16 27.4 29.03 40.7) 5.95 4.34 5.47
2016-17 32.89 26.43 ' 19.63 6.95
** P<0.1

Comparison of the models:

The entire previous results have been summarized in Table 4.3.13 in

order to compare the developed forecast models.

Table: 4.3.13 Comparison of models according to number of principal

components
No. of
No. of ) 0.
Model Weather R2 (%) Adg usted PrlnC|paI
i R* (%0) Components
Indices
(K)
P1 7 50.5 43.1 2
P2 7 50.5 43.1 2
Ps 56 63.7 44.3 7
P4 14 55.4 43.0 4
Ps 28 55.4 43.0 5
Ps 28 56.2 40.7 5
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Result and discussion

On the basis of number of weather indices, Adj. R? and number of
principal components, the Model-P; has been found to be the best followed
by the Model-P; and P,. The value of Adj. R? of Model-P; has been found
around 44.3 percent included 56 weather indices and obtained 7 principal
components. The Model-P;, P3, and P, were also recommanded by Yadav et
al. (2014) and highest value of Adj. R? was around 43 percent of Model-P;
(which was best model) for Wheat crop.

Table 4.3.14 presents the actual and predicted wheat yield based on
different forecast models for different years i.e. 2014-15, 2015-16 and 2016-
17. The values of percent deviation of forecast from actual yield, PSE (CV),
R?, Adj R? and RMSE are also presented in this table. On the basis of Adj. R?
(%), PSE and RMSE, the Model-P3 has been found to be the best followed by
the Model-P, and the Model-P;. However, it may be noted that values of R?
Adj for the models have not been found relatively high in comparison to the
models developed by an application of discriminant function analysis
(Agrawal et al., 2012 and Sisodia et al., 2014). The average percent standard
error (PSE) value of the Model-P3 is 5.24 while PSE value of Model-P; and
P, are 3.55 and 3.89 respectively which shows that these models are better for
forecast. This indicates that forecast of Model-Ps;, P, and P; have been most
satisfactory among all the models in Ayodhya district of Uttar Pradesh.
Hence, a reliable forecast of Wheat yield about one and half months before

the harvest can be obtained from the Model- P;, P, and P;. The results of the
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Result and discussion

Table 4.3.14 have also been graphically presented in Fig. 2 to highlight the
forecasting power of the models.
Table:

4.3.14 Estimate of important parameters for the

comparison of models.

Actual | Predicted Percent SF;er(;ent 2 '
Model | Year | vyield yield teviation andard (E*;O) Aggléi/to(;d RMSE
(Qiha) | (Q/ha) =rror
2014-15 | 206 | 2821 | 3696 |363
P, | 2015-16 | 274 28.63 452 |3.84 505 | 43.1 5.05
2016-17 | 3289 | 2864 | 1259 |[3.18
2014151 206 | 2808 | 3631 |364
P, |2015-16 | 274 28.56 426 |3.85 505 | 43.1 4,97
2016-17 | 3289 | 2877 | 1252 |418
2014-15 1 506 | 2830 | 37.40 |434
P; [2015-16 | 574 9799 517 | 451 63.7 | 444 | 514
2016-17 | 3289 | 2843 | 1353 |6.88
2014-15 | 906 | 2816 | 3673 |428
P, |2015-16 | 274 28.29 327 |434 55.4 | 43.00 5.40
2016-17 | 3289 | 27.44 1656 | 661
2014-15 1 506 | 2809 | 3640 |47
Ps |2015-16 | o574 2831 333 | 445 56.2 | 40.7 | 5.30
2016-17 | 3289 | 27.64 1594 |6.64
2014-15 | 906 | 2735 | 3276 | 460
Pe¢ |2015-16 | 9274 29.03 595 |4.34 56.2 | 407 5.47
2016-17 | 3289 | 2643 | 1963 |69

105




4.4 Discussion and Conclusion
4.4.1 Relationship between crop yield and weather variables

The effect of individual weather variable on the crop yield viz. Rice and
wheat has been studied by various research workers Fisher (1924), Hendricks
and scholl (1943), Huda et al. (1975), Jain et al. (1980), Agrawal et al. (1980,
1986), Yadav et al. (2015) etc. They have obtained varying effects of weather
variable on the crop yield in different phases of crop production. Similar results
in case of wheat have been observed and specific conclusion these regards are
as follows.

As for as the effect of individual weather variable on wheat yield is
concerned, it can be concluded that the per unit increase in the magnitude of
most of the weather variables has made adverse effect on the yield during the
entire crop season except during certain phases & crop growth. For example,
the beneficial effect on the yield has been generally obtained during fourth
phase due to unit increase in minimum temperature. Per unit increase in
maximum temperature has made beneficial effect during vegetative phase and
early phase of reproduction etc. Similarly, beneficial effect has been observed
due to unit increase in relative humidity at seven hours almost during second
and third phase of crop growth. Wind velocity has shown beneficial effect

during vegetative phase if unit increase to observed in it.



4.4.2 Forecast models:

Result and discussion

Various research workers have made attempt to develop forecast models

for rice and wheat yield. Notably among them are Agrawal et al. (1986),
Agrawal et al. (2012), Jain et al. (1980), Sisodia et al. (2014), Yadav et al.
(2015) etc. Jain et al. (1984) have developed forecast models for rice yield

using principal component analysis of biometrical characters. The present work

related to wheat yield in Ayodhya district (U.P.). The various methodologies

such as discriminant function analysis and principal component analysis of

weekly weather data have been used to develop forecast model. The best three

forecast models found from such technique are summarized in the Table 4.4.1.
Table 4.4.1 Description of the best three models

Methods | Model | Year Actual | Predicted | Percent PSE R? Adj. | RMSE
based on yield yield deviation (%) R?
(Q/ha) | (Q/ha) (%)
2014-15 22.60 26.11 26.79 4.86
D2 | 2015-16 27.40 28.08 2.50 332 | 699 | 654 | 425
o 2016-17 32.89 28.06 14.67 2.87
Discrimi-
nant 2014-15 22.60 28.77 39.68 7.14
Eunction D3 2015-16 27.40 29.44 7.46 2.3 81 78.2 | 8.68
Analysis 2016-17 32.89 26.16 20.43 2.25
2014-15 22.60 28.77 39.68 7.14
De 2015-16 27.40 29.44 7.46 2.80 |81.00| 78.2 | 6.22
2016-17 32.89 26.16 20.23 2.25
2014-15 20.6 28.30 3140 |4.34
Ps | 2015-16 27.4 27.99 217 |451 | 637 | 444 | 514
. 2016-17 32.89 28.43 13.53 |[6.88
Principal
Compo- 2014-15 20.6 28.21 36.96 | 3.63
nent P1 2015-16 27.4 28.63 4.52 3.84 505 | 43.1 | 5.05
Analysis 2016-17 32.89 28.74 1259 |[3.18
2014-15 20.6 28.08 36.31 | 3.64
P2 2015-16 27.40 28.56 4.26 3.85 505 | 431 | 4.97
2016-17 32.89 28.77 1252 | 4.18
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Result and discussion

The Table 4.4.1 represents the forecast yields by proposed technique
from the three best models for the year 2014-15 to 2016-17 along with
corresponding actual yield of wheat crop. On the basis of comparison of results
that model based on application of discriminant function analysis of weekly
weather data have performed well over the methods based on application of
principal component analysis of weekly weather data. It may be pointed out
here that the Model-D, was found best for forecasting rice yield in Kanpur
district of Uttar Pradesh (Agrawal et al. 2012) and the Model-D¢ was found best
for wheat yield in Faizabad district of Uttar Pradesh (Sisodia et al., 2014).
Application of principal component analysis of weekly weather data for
development of forecast model for wheat yield in Faizabad district of Uttar
Pradesh has results Model-P3 as the best model (Yadav et al., 2015).

The aforesaid developed models can be used for pre harvest forecast of
wheat yield in neighboring district of Ayodhya district provided they have

almost similar agro-climatic conditions.
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Chapter-V

SUMMARY AND CONCLUSION

In this chapter summaries the entire work from all the previous
chapter and valid conclusions are made out from the results.

The Chapter-1 has briefly outlined the importance of the present
investigation. The problem of research undertaken has been introduced
reasonably and specific objectives of the study have been described here.

The relevant literature related to study the relationship between crop
yield, pre- harvest forecast model based on weather variable, biometrical
characters etc. have been revised critically presented in chronological order in
chapter-II

The Chapter-I11 deals with materials and statistical methodology used for
effect of developing pre-harvest forecast model of yield in Ayodhya districts.
Time series data on Wheat yield and weekly data from 44" SMW of previous
year to 11" SMW of the following year on seven weather variables viz,
minimum temperature, maximum temperature, relative humidity at seven hour,
relative humidity at fourteen hour, wind velocity rainfall and rainy days
covering the period from 1990-91 to 2016-17 have been utilized to study the

effect of climatic variables on crop yield and development of pre-harvest



Summary and conclusion

forecast model. The application of discriminant function analysis and principle
component analysis for developing of pre-harvest forecast models have been
described in this chapter. Various statistical measures for validation and
comparison of the model have been presented in this chapter.

The Chapter-1V dealt with result and discussion. In all, Eight models
have been developed to study the relationship between crop yield and weather
variables. The Model-Il and VI have been found at par and also have been
adjusted the best among all Eight models on the basis of values of RZ2
However, the fitted Model- 111 Model- V for the individual variable has been
chosen to the study effect of individual weather variable on the yield.

As far as the effect of individual weather variables on wheat yield is
concerned, it can be concluded that the per unit increase in the magnitude of
most of the weather variable has made adverse effect on the yield during the
entire crop season except during certain phases and crop growth. For example,
the beneficial effect on the yield has been generally obtained during fourth
phase due to unit increase in minimum temperature. Per unit increase in
maximum temperature has made beneficial effect during vegetative phase and
early phase of milking , reproduction etc. similarly beneficial effect has been
observed due to unit increase in relative humidity at seven hours all most

during second and third phase of crop growth. Wind velocity has shown
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Summary and conclusion

beneficial effect during vegetative phase if unit increase is observed in it.
Increase in sun-shine hours has been found to be beneficial during the phase of
milking, reproduction etc.

It may, however be calculated that the weather variables play important
and different role in influencing the wheat yield during different phases of crop
production.

As far as in concerned with the development of forecast models. In all 7
Models based on the application of discriminant function analysis and 6
Models based on the application of principle component analysis have been
developed. The best three models obtained by the application of discriminant
and principle component analysis of weekly weather data have been given
below.

Model D-2: Y = 22.242- 0. 816ds; + 0.166 ds; + 0.219T R?=69.9%, R%j=65.4%
Model D-3: Y = 22.654+0.680ds;+0.022ds,+0.1817T R?=81.0%, R?4j=78.2%
Model D-6: Y = 22.654+ 0.680ds;+0.022 ds; + 0.181 T R?=81.0%, R2.4j=78.2%
Model P-3: Y =21.47+0.178 PC; - 0.119 PC,- 0.583 PC;+ 0.016 PC,+0.008
PCs+ 0.627 PC; -0.342PC7 + 0.277T, R?=63.7%, R?j=44.4%

Model P-1: Y =21.73+ 0.078 PC; - 0.047 PC,+ 0.261T T, R2=50.5%,
R?24j=43.1%
Model P-2: Y =21.731+ 0.078 PC; - 0.047PC,+ 0.261 T

, R?=50.5%, R%4j=43.1%
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Summary and conclusion

The forecast yields for the years 2014-15 to 2016-17 obtained from the
aforesaid models, actual yield and various statistical measures for validation
and comparison of the models are presented in the Table 5.1.

Table 5.1 Details of best three forecast models

Methods Actual | Predicted PSE )
) ) Percent > | Adj.
based on | Model Year yield yield o R R2 | RMSE
deviation (%) 0
(Q/ha) | (Q/ha) (%)
2014-15 22.60 26.11 26.79 4.86
D, |2015-16 27.40 28.08 2.50 332 | 69.9 | 654 | 4.25
2016-17 32.89 28.06 14.67 2.87
Discrimi- 2014-15 22.60 28.77 39.68 7.14
nant D; |2015-16 | 2740 | 2944 7.46 23 | 81 | 782 | 868
Function
Analysis 2016-17 3289 | 26.16 20.43 2.25
2014-15 22.60 28.77 39.68 7.14
De | 2015-16 27.40 29.44 7.46 2.80 |81.00| 782 | 6.22
2016-17 32.89 26.16 20.23 2.25
2014-15 20.6 28.30 31.40 |4.34
p; | 2015-16 27.4 27.99 217 | 451 63.7 | 444 | 514
2016-17 32.89 28.43 1353 |6.88
Principal 2014-15 20.6 28.21 36.96 | 363
C?]r:npto' p, |2015-16 | 274 | 2863 452 |384 | 505 | 431 | 505
Analysis 2016-17 | 3289 | 2874 1259 |3.18
2014-15 20.6 28.08 36.31 |3.64
p, |2015-16 27.40 28.56 426 |385 | 505 | 431 | 4.97
2016-17 32.89 28.77 1252 |418
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Summary and conclusion

The Table 5.1 represented the forecast yields by proposed technique
from the three best models for the year 2014-15 to 2016-17 along with
corresponding actual yield of wheat crop. On the basis of comparison of results
the models based on application of discriminant function analysis of weekly
weather data have performed well over the methods based on application of
principle component analysis of weekly weather data. It may be pointed out
here that the Model-D, was found best for forecasting rice yield in Kanpur
district of Uttar Pradesh (Agrawal et al. 2012) model- D¢ was found best for
wheat yield in Faizabad district of Uttar Pradesh (Sisodia et al. 2014).
Application of principle component analysis of weekly weather data for
development of forecast model for wheat yield in Faizabad district of Uttar
Pradesh has results Models-P3 as the best model (Yadav et al. 2015).

However, in case of wheat yield, the Models D,, D3 and D¢ based on
disciminant function analysis have been found at par for pre-harvest
forecasting of yield. The Model-P; has also been found best among all the
models based on principle component analysis.

Finally, the model- D, and Dg based on discriminant function analysis
and model- P3; based on principle component analysis can be recommend for

pre-harvest forecasting of wheat yield one and half month before the harvest.
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Summary and conclusion

The aforesaid developed models can be used for pre-harvest forecast of
wheat yield in district of ayodhya provided they have almost similar agro-
climatic condition.

Finally, the thesis ends with the Chapter-V of summary and conclusions.
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Appendix -1

Fitted models for individual weather variables

S.NO. Weather Model Model R2 R2
variables No. adj
1 Minimum I Y=237.039 +0.777Z1+ 0.129T 0.62 | 0.59
Temperature (3.876) (0.194) (0.056)
I Y=37.039 +0.777Z1+ 0.129T 0.62 | 0.59
(3.876) (0.194) (0.056)
I | Y=22.386 + 0.609Z7; 0.44 | 0.42
(0.742) (0.136)
IV | Y=22.386 + 0.6097;1 0.44 | 0.42
(0.742) (0.136)
V Y=237.039 +0.777Z1+ 0.129T 0.62 | 0.59
(3.876) (0.194) (0.056)
VI Y=237.039 + 0.777Z1+ 0.129T 0.62 | 0.59
(3.876) (0.194) (0.056)
VIl | Y=37.039+0.777Z,+ 0.129T 0.44 | 0.42
(3.876) (0.194) (0.056)
VI | Y=4.967 +.031Z11 0.44 | 0.42
(.562) (.006)
2 Maximum I Y=34.059 + 0.463Z1 + 0.163T 0.54 | 0.51
Temperature (4.09) (.152) (0.059)
I Y=34.059 + 0.463Z; + 0.163T 0.54 | 0.51
(4.09) (.152) (0.059)
I | Y=27.024 + 0.5247; 0.38 | 0.35
(0.581) (0.133)
IV | Y=27.024 + 0.5247, 0.38 | 0.35
(0.581) (0.133)
V Y=34.059 + 0.463Z1+ 0.163T 0.54 | 0.51
(4.09) (.152) (0.059)
VI Y=34.059 + 0.463Z;+ 0.163T 0.54 | 0.51
(4.09) (.152) (0.059)
VII | Y= 25125+ 0.12Z1; 0.38 | 0.36
(0.380) (0.003)
VIl | Y=25.125+0.12Z11 0.38 | 0.36
(0.380) (0.003)




Relative I Y=13.707 + 0.271Z1 + 0.1544T 0.53 | 0.49
Humidity at 7 (2.950) (0.094) (0.062)
hour
I Y=13.707 + 0.271Z1 + 0.1544T 0.53 | 0.49
(2.950) (0.094) (0.062)
I | Y=46.178 + 0.388Z; 0.38 | 0.35
(5.319) (0.099)
IV | Y=46.178 + 0.388Z; 0.38 | 0.35
(5.319) (0.099)
V | Y=17.574 +0.002Z1; + 0.150T 055 | 051
(1.740) (.001) (.061)
VI | Y=17.574 + 0.002Z11+ 0.150T 055 | 051
(1.740) (.001) (.061)
VIl | Y=236.496 + 0.003Z11 0.38 | 0.36
(2.846) (.001)
VI | Y=36.496 + 0.003Z11 0.38 | 0.36
(2.846) (.001)
Relative I Y=29.969 + 0.197Z;: + 0.211T 0.61 | 0.58
Humidity at 14 (2.217) (0.051) (0.50)
hour
Il Y=29.969 + 0.197Z1+ 0.211T 0.61 | 0.58
(2.217) (0.051) (0.50)
I | Y=9.569 + 0.115Z; 0.35 | 0.33
(4.228) (0.031)
IV | Y=9.569 +0.115Z; 0.35 | 0.33
(4.228) (0.031)
V | Y=-3.042-1.471Z1+ 0.026Z11 + 0.219T 0.69 | 0.65
(13.37) (0.670) (0.007) (0.045)
VI | Y=-3.042 - 1.471Z,+ 0.026Z11 + 0.219T 0.69 | 0.65
(13.37) (0.670) (0.007) (0.045)
VIl | Y=67.358 - 0.688Z1 + 0.008Z11 0.51 | 0.47
(21.105) (.0290) (0.003)
VIl | Y=67.358 - 0.688Z1 + 0.008Z11 0.51 | 0.47

(21.105) (.0290) (0.003)




Rainy Days | [Y=27.703 + 0.188Z; + 0.203T 0.37 | 0.34
(0.850) (0.053)  (0.052)
Il | Y=27.703 +0.188Z; + 0.203T 0.37 | 0.34
(0.850) (0.053)  (0.052)
| Y=24.581+0.179Z; 047 | 045
(0.379) (0.038)
IV | Y=24581+0.179Z; 047 | 045
(0.379) (0.038)
V| Y=22.440 + 0.024Z,- 1.099Z, + 0.261T | 0.69 | 0.65
(0.817)  (0.011) (0.230) (0.045)
VI | Y=22.440 + 0.024Z,- 1.099Z, + 0.261T 0.69 | 0.65
(0.817)  (0.011) (0.230) (0.045)
VIl | Y=24.955 + 0.005Z1 050 | 0.48
(0.344)  (0.001)
VIII | Y= 24.955 + 0.005Z1; 050 | 0.48
(0.344)  (0.001)
Rainfall I | Y=22.659 + 0.216Z + 0.204T 0.63 | 0.60
(0.795) (0.52) (0.049)
Il | Y=22.659 + 0.216Z; + 0.204T 0.63 | 0.60
(0.795) (0.52) (0.049)
| Y=24.723 + 0.190Z; 051 | 0.49
(0.351)  (0.037)
IV | Y=24.723 + 0.190Z; 051 | 0.49
(0.351)  (0.037)
V| Y=22.659 + 0.216Z; + 0.204T 0.63 | 0.60
(0.795)  (0.052) (0.049)
VI | Y=22.659 + 0.216Z; + 0.204T 0.63 | 0.60
(0.795) (0.052) (0.049)
VIl | Y=24.723+0.190Z; 051 | 0.49
(0.351)  (0.037)
VIl | Y=24.723 +0.190Z; 051 | 0.49

(0.351) (0.037)




Wind Velocity | 1| | Y=21.878 + 0.238T 0.37 | 0.34
(0.988) (0.062)
Il | Y=21.878 + 0.238T 0.37 | 0.34
(0.988) (0.062)
| Y=21.135 + 2.43Z; 037 | 0.35
(0.608) (0.627)
IV | Y=21.135 + 2.43Z; 0.37 | 0.35
(0.608) (0.627)
V| Y=20.445 + 0.255Z1; 042 | 0.39
(1.209)  (0.60)
VI | Y=20.445 + 0.255Z1; 042 | 0.39
(1.209)  (0.60)
VIl | Y=27.135 + 2.434Z; 0.37 | 0.35
(0.608) (0.627)
VIl | Y=27.135 + 2.434Z; 0.37 | 0.35

(0.608)  (0.627)




Appendix — 2

Detail of generated weather indices (Sum)

Years Yield | Adjusted | Z10 Z11 Z20 | z21 Z30 Z31 Z40 Z41 Z50 Z51 Z60 | z70 z71
1990-91 -

20.34 27.28 | 10.11 | 273.17 | 27.87 | 123.41 65.81 | 310.38 | 44.29 | 70.12| 1.42 730 | 0.85| 0.85| 11.37
1991-92 -

21.42 26.42 9.61 | 259.85 | 23.94 | 105.99 70.42 | 332.15| 47.50| 7520 | 1.84 945 | 1.37| 0.48| 6.40
1992-93 -

23.00 25.06 9.69 | 261.99 | 24.87 | 110.09 73.89 | 34852 | 46.80| 74.10| 1.58 8.12 | 1.19 1.19 | 15.82
1993-94 -

20.89 27.39 | 10.23 | 276.63 | 25.82 | 114.33 77.91 | 367.44 | 43.23| 68.45| 0.79 404 | 3.58| 3.58| 47.71
1994-95 -

23.44 25.07 9.26 | 250.39 | 23.97 | 106.11 73.57 | 347.00 | 4252 | 6731 | 1.78 9.14 | 1.17 1.17 | 15.64
1995-96 -

25.30 23.43 | 10.30 | 278.41 | 24.86 | 110.04 73.56 | 346.97 | 44.43| 7035 | 1.67 8.59 | 8.35 8.35 | 111.33
1996-97 -

25.02 23.93 8.52 | 230.37 | 24.92 | 110.35 69.66 | 328.56 | 39.34 | 62.28| 1.03 531| 0.19| 0.19 2.49
1997-98 -

26.76 2241 | 10.53 | 284.70 | 21.69 | 96.04 68.17 | 321.53 | 51.56| 81.62| 1.62 832 | 6.24| 6.24| 83.17
1998-99 -

23.97 25.42 9.87 | 266.68 | 21.75| 96.28 68.32 | 322.25 | 47.21| 7474 | 1.80 9.23 | 2.09 1.71 | 22.75
1999-00 -

22.30 27.31 9.64 | 260.55 | 25.13 | 111.24 66.77 | 31493 | 4930 | 78.06| 210| 10.79| 097 | 0.97| 12.88
2000-01 -

26.26 23.57 9.57 | 258.75 | 25.71 | 113.81 64.68 | 305.08 | 4249 | 67.27| 227 | 11.65| 042| 0.42 5.60
2001-02 -

23.92 26.14 | 10.34 | 279.60 | 24.49 | 108.41 72.27 | 340.86 | 49.56 | 78.46| 2.11| 10.82| 2.17| 217 | 28.97
2002-03 -

21.79 28.49 9.33 | 252.26 | 24.50 | 108.47 69.30 | 326.83 | 49.86| 7894 | 1.67 8.60 | 1.99 2.12 | 28.26
2003-04 -

26.37 24.13 9.37 | 253.16 | 23.28 | 103.07 69.81 | 329.28 | 50.10 | 79.32| 237| 12.19| 4.11| 4.11| 54.73
2004-05 | 23.77 26.95 9.37 - | 24.93| 110.39 70.00 | 330.15| 47.78 | 75.65 1.93 9.93 | 1.25 1.89 | 25.23




253.16

2005-06 -

26.07 24.87 8.13 | 219.65| 25.85| 114.43 68.51 | 323.15 40.01 | 63.35 1.82 9.35 0.00 0.00 0.00
2006-07 -

26.83 24.34 9.49 | 256.41 | 25.79 | 114.20 67.79 | 319.72 43.80 | 69.34 240 | 12.33 2.06 2.07 | 27.54
2007-08 -

27.58 23.81 9.19 | 248.48 | 25.05| 110.89 72.44 | 341.68 | 42.56 | 67.38 1.69 8.67 0.00 0.00 0.00
2008-09 -

28.1 23.51 | 10.27 | 277.67 | 25.74 | 113.96 71.87 | 338.96 | 45.60 | 72.19 1.68 8.63 0.00 0.80 | 10.66
2009-10 -

26.05 25.78 9.09 | 245.78 | 23.68 | 104.84 69.05 | 325.67 46.93 | 74.30 2.11 | 10.86 7.48 1.66 | 22.12
2010-11 -

28.14 23.91 8.69 | 234.79 | 24.55 | 108.68 69.17 | 326.25 48.53 | 76.83 2.29 | 11.75 0.17 0.17 2.22
2011-12 -

29.56 22.72 9.59 | 259.11 | 23.67 | 104.81 71.35 | 336.54 51.35| 81.30 245 | 12.61 5.32 532 | 7091
2012-13 -

29.63 22.87 7.98 | 215.69 | 23.33 | 103.27 70.95 | 334.62 45.87 | 72.63 2.20 | 11.30 1.94 1.94 | 25.86
2013-14 -

23.34 29.38 9.64 | 260.55| 23.32 | 103.25 71.33 | 336.44 | 49.89 | 78.98 231 | 11.89 4.31 431 | 57.49
2014-15 -

20.6 32.34 8.92 | 241.09 | 21.91 96.99 72.16 | 340.32 51.69 | 81.84 2.60 | 13.36 3.88 3.88 | 51.71
2015-16 -

27.4 25.76 8.89 | 240.19 | 26.51 | 117.35 67.95 | 320.50 | 45.73 | 72.40 2.12 | 10.89 0.00 0.00 0.00
2016-17 -

32.89 20.50 9.74 | 263.26 | 23.69 | 104.90 77.95 | 367.66 | 48.05| 76.08 2.15 | 11.06 0.45 1.12 | 14.93
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ABSTRACT

The present investigation entitled “A Study on impact of climate change on Wheat
crop yield and development of statistical models for pre- harvest forecast of crop - yield in
Ayodhya district of eastern U.P” consists of five chapters including summary and conclusion.
The purpose of the study is to develop statistical models for studying the relationship between
weather variables and crop yield and to develop different forecast models based on
discriminant function and principal component analysis.

Time series data on wheat crop yield and weekly data from 44" SMW of previous
year to 11" SMW of the following year on seven weather variables viz., minimum
temperature, maximum temperature, relative humidity at 7 hour, relative humidity at 14 hour,
wind velocity rainfall and rainy days covering the period from 1990-1991 to 2016-2017 have
been utilized to study the relationship wheat crop yield and weather variables and
development of pre-harvest forecast model. In all, eight models have been developed to study
the relationship between crop yield and weather variables. The model-V has been found to be
the best for studying the relationship between crop yield and weather variables.

Statistical methodology using multiple regression, discriminant functions and
principal component analysis for developing pre-harvest forecast model has been described.
In all, 13 models (one based on regression, seven from discriminant function and six from
principal component) have been developed for pre-harvest forecast model. The model-A is
based on weather indices, D, to Dg based on discriminant function and P; to P, based on
principal component analysis have been developed. On the basis of Adjust R?, RMSE and
PSE, the best three models for both technique obtained by the application of discriminant
function and principal component analysis of weekly weather data are D,, D3 & Dg and Py, P
& P; respectively. These models can be used to get the reliable forecast of wheat one and
half months before the harvest.
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