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SUMMARY

Multivariate multiple regression considers the linear relationship between one or more dependent variables and more than one independent variables.
To predict rice yield, the transplanting date (here used as dummy variable (0, 1)) along with other weather variables were used as independent
variables. Wet-season rice yield and biomass were used as dependent variable. Multivariate multiple regression method was applied to predict the
crop yield and biomass simultaneously. It was observed that the model performance is quite. It can be concluded that such model using Multivariate
multiple regression can be used for total yield and biomass prediction at district level.
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1. INTRODUCTION

Rice (Oryza sativa) is the most important staple
food and predominant crop in the South East Asian
countries (IRRI, 2006). In India, rice is grown in 43.8
million hectares land (CRRI, 2011). Crop production is
highly dependent on weather parameters. The changes
of meteorological parameters such as, variability of
rainfall and monsoon shifting along with temperature
rise influence crop yields and productivity. Fluctuations
of weather parameters create various problems in rice
production (Anandakumar et al. 2008, Banerjee, 2008,
Banerjee et al. 2014). Yield variation due to climatic
uncertainty leads to food insecurity and fluctuation of
its price. Forecasts of crop yield can provide important
information about commodity markets and are
frequently used by growers, industry and government
to make decisions in advance (Vogel and Bange, 1999).

To fix the procurement price and to regulate the
Government distribution yield forecasting is necessary.
Since 1920 crop-weather relationship model for
forecasting yield was used popularly (Fisher, 1924). To
establish crop-weather relationship and predict the yield
regression model is very useful tool (Rahman ez al. 2005,
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Biswas et al. 2015). But, if more than one dependent
variable present one must perform regression analysis
separately for two dependent variables along with other
independent variables. This process is time consuming
and laborious too. A simple remedy to overcome this
situation is to use multivariate multiple regression
analysis where more than one variable is considered
as dependent variable. Considering the background,
the present research work aims to predict the yield and
biomass of wet-season rice simultaneously.

2. MATERIALS AND METHODS

2.1 Study area

The study was conducted for Nadia District, West
Bengal, Eastern India which falls under New Alluvial
Agro-climatic Zone of Gangetic West Bengal. The
climate of this said zone is sub-tropical with mean
annual rainfall varying from 1400 to 1700 mm. More
than 70 % of total annual rainfall is received from South-
West monsoon during the months of June to September.
The average temperature varies from 15.6 to 35°C. The
main crop of this district is wet-season rice. Water
requirement of the said crop is met mainly from the
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monsoonal rainfall. Due to erratic and irregular pattern
of rainfall, farmers have to depend upon irrigation.

2.2 Secondary data collection

Wet-season rice yield (Satabdi variety) and
biomass data with different transplanting dates were
collected from Annual Progress Report of AICRP on
Agro-meteorology of Mohonpur Centre, Directorate of
Research, Bidhan Chandra Krishi Viswavidyalaya (State
Agriculture University). Meteorological observatory of
Kalyani (22.67°N, 88.20°E and 7.8 m above mean sea
level), Nadia District provided weather data, namely,
maximum temperature, minimum temperature, vapor
pressure deficit, wind speed, rainfall, relative humidity,
bright sun shine hour, evaporation and number of rainy
days.

In the present study to include the effect of date
of transplanting on rice yield and biomass, the entire
transplanting season has been classified into two
categories. First half transplanting (early transplanting
date to normal transplanting date) scored as zero (0)
and second half transplanting (i.e. late transplanting)
scored as one (1) to treat them as dummy variable.
The weather variables and the transplanting dates are
defined in Table 1.

Table 1. Weather parameters used in models with their notations

SI No. Weather parameters Notations
1 Maximum temperature Z1
2 Minimum temperature z2
3 Vapor pressure deficit Z3
4 Wind speed 74
5 Rainfall z5
6 Relative humidity 76
7 Bright sun shine hour z7
8 Evaporation Z8
9 Number of rainy days Z9
10 Transplanting date 710

For development of statistical model, the weather
data along with wet-season rice yield and biomass
data were collected for twelve years (2002-2013) i.e
24 number of data sets. The output of the developed
model was compared with actual data set for the year
2014 and 2015.

2.3 Methodology

Multivariate multiple regression consider the linear
relationship between two or more y’s (the dependent

or response variables) and one or more x5 (the
independent or predictor variables). Linear model will
be used to relate the y’s to the x 5 and will be concerned
with estimation and testing of the parameters in the
model. One aspect of interest will be choosing which
variables to include in the model if this is not already
known (Rencher, 2002).

Let us take this example where we want to know
simultaneously the yield (Y;) of wet-season rice grain
yield and biomass yield (Y,) from the same set of
explanatory variables like X, X5, X3,........ , X10-

So using the technique of multivariate regression
we cane frame two regression equations:

Yi=a+ 5520 BuXite (1)
and
Y2:a2+21-1£1 BiXi+ e (2)

By shifting the origin of the variables to their
respective means one can avoid yhe intercept terms (o)
in the regression without loosing any generality and in
matrix notation these two equations can be written as

= + £
Yi=Xp* e 3)
and
LY,..Z = EEZ + 52 where zl, 52, El, 52 are nx1
matrices; 4)
B and B, are 10x1 matrices and X is a nx 10
- - -
matrix.
In multivariate regression analysis the above
systems are combined together to get
= +1E. E
[zl ,zz] X [Eb Ez] (50,501 Q)
Oo,y=Xp+¢g, (6)
L L Sy
where, ¥ is n x 2 matrix of the dependent variables,

B is 10x2 matrix of parameters, ¥ is nx 10 matrix of

gxplanatory variables and E is nx2 matrix of error
terms.

The least squares estimates for b’s is given by

=[x XT'[X" Y] @
where
1 _ ! -1
[5’51'1:[[‘3 ,?(] E:i ,?f]] [ xl

[x'x]™ 0
0 [x'x]™
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o= £ 3]

[z [xmr o

£- E: | o [X'X]'ll X*}"J

hence the least square estimates for

E = [X'X]7 [ xy,]and )
B =xXx]7x1,] ©)

The above estimates are the estimates of the
coefficients of multiple linear regression equations of
Y, and Y, separately. Thus the regression parameters
of multivariate regression analysis can be worked out
following the estimation of regression parameters in
multiple regression equations separately on each of the
dependent variable.

3. RESULTS AND DISCUSSION

3.1 Development of Multivariate multiple regression
equation

The steps to formulate the Multivariate multiple
regression equation are discussed in this section. The
detailed calculation process is as follows:

(3818.635 ]
8733.079
N 2 I
a [E} 33.327
10.5 |
and
SYY SYZ
S = | e
SZY SZZ
where,
_ [738321.8721 -838686.8451
1 838686.8451 6937869.044
 [439.16 10400 757 3449 -23793.03
27 1571.07 108.95 56.84 717.21 -218210.30
5275 29.65 70.59 -1250.35

-200.86
-2198.77 759.46 504.88 -6778.88 -292.15

[439.16 571.07
104.00 108.95
7.57 56.84
-34.49 717.213
-23793.03 -218210.30
S2= | 5075 219877
29.65 759.46
70.59 504.88
-1250.35  -6778.88
-200.86  -292.15 |

[145 008 000 037 -84.63 -1.10 055 040 -531 -045]
0.08 031 001 -027 -3485 -0.74  0.00 0.0l -139 -0.04
0.00 0.01 0.00 -0.01 -3.47 -0.02  0.008 000 -0.05 -0.00
037 -027 -0.01 0.73 -0.83 0.01 0.19 024 -144 -0.16
-84.63 -34.85 -3.47 -0.83 27317.18 124.60 -53.06 -25.01 410.15 19.05
2110 074 -0.02 0.01 12460 3.68  -0.39 -0.49 884 0.61
0.55 0.00 000 019 -53.06 -039 048 021 -227 -0.13
040 0.01 0.00 024 -2501 -049 021 021 -238 -0.16
531 -139 -0.05 -144 41015 884 227 238 3825 223
|-0.45 -0.04 -0.00 -0.16 19.05 0.61 -0.13 -0.16 223 0.26 |

Sy =

Assuming normality, the estimated regression
function is,

A A
Bo+B.=5+5,.8."(z-7) (10)
 [3818.635417
N [8733.079861}r
22509 181107 -2003.59 9589 -0.58 67349 35577 508.67 1833  -1575.30
[»1164.58 4412.69  26502.63 851.32 448 -1425.94 176823 -3767.40 -241.69 1098.62}
[z, - 3332 ]
2, - 26.18
7, - 356
z, - 112
75 - 376.54
2, - 94.86
z; - 5.01
7y - 265
2, - 2745
[z0-05 |

Thus the best predictor of Y is,

3818.63 + 2226.09(Z-33.32) + veevveeereeenn,
~1676.30(Z,5 - 0.5)

= _107014 + 2226.09Z, + 1811.07 Z, - 2003.60 Z;
+96.89 Z4- 0.68 Zs+ 673.49 Z, -

366.772,+608.67Z5+18.33Z-1676.31Z, (11)
Similarly, the best predictor of Y is,

8733.07 — 1164.68(Z-33.32) + +oevoeveeeereenn +
1098.60(Z,, — 0.5)

= 211726 - 1164.68 Z, - 4412.69 Z, + 26602.63 Z;
+861.3229 Z,, - 4.48146 Zs - 1426.96

Zs + 1768.236 Z, - 3767.4 Zg - 241.694 Zy +
1098.621 Z, (12)
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The maximum likelihood estimate of the expected
squared errors and cross-products matrix > YY. Z is
given by,

n—1

(TJ(SYY =8y, 7"Sv)

(13)

24 )| -89569.94

24 —-1)|172260.12
1095125.51

-89569.94 }

{165082.61

-85837.86
-85837.86

1049495.28

The first estimated regression function, -107014
+ 2226.09Z; + 1811.07 Z, - 2003.60 Z5 + 96.89 Z, -
0.68 Zs+ 673.49 Zg - 366.77 Z, + 608.67 Zg + 18.33
Zo-1676.31 Z,,, and the associated mean square error,
165082.61 for the single-response case.

Similarly, the second estimated regression
function, 211726 - 1164.68 Z, - 4412.69 Z, + 26602.63
75+ 861.3229 Z,-4.48146 Z5- 1426.96 Z4+ 1768.236
Z,- 37674 Zg - 241.694 Zy + 1098.621 Z,, and the
associated mean square error, 1049496.28 for the
single-response case.

It is observed that the data enable to predict the
first response, Y;, with smaller error than the second
response, Y,. The negative covariance -85837.86
indicated that over-prediction of rice grain yield
tends to be accompanied by under-prediction of rice
biomass yield.

3.2 Performance of the Model

The weather data along with transplanting dates of
2014 and 2015 were used to validate the yields. After
putting the value of different explanatory variables (as
indicated in the previous section) in equations 11 and
equation 12 the forecasted yield values were obtained
(Table 2).

4. CONCLUSION

The study reveals that the equations enable to
predict the crop yield and biomass simultaneously

and required less time for data analysis. In general,
we performed regression analysis separately for two
dependent variables along with other independent
variables, but in multivariate multiple regression
analysis more than one variable is considered as
dependent variable. From the normal weather data of
the district and date of onset of monsoon the yield of
wet-season rice along with biomass can be predicted
jointly from a single calculation which will be very
much helpful for forecast planner.
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Table 2. Comparison between actual value and predicted value of rice yield and biomass through statistical model

Yield (Y;) (Kg ha™) Biomass (Y,) (Kg ha™)
Year Date of transplanting
Actual Predicted Accuracy % Actual Predicted Accuracy %
2014 | dy(early to normal transplanting) 6944 7935.98 85.71 8975 7816.79 87.09
d,(late transplanting) 5802 6832.57 82.23 5950 7209.72 78.82
2015 | dy (early to normal transplanting) 5932 7102.19 80.27 9650 8326.89 86.28
d,(late transplanting) 5235 6313.54 79.39 9825 8772.45 89.28




