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Abstract 

 
This paper is the continuation of the paper published by the authors Arun Balaji and Baskaran [2]. 

Multiple linear regression (MLR) equations were developed between the years of rice cultivation and Feed 

Forward Back Propagation Neural Network (FFBPNN) method of predicted area of rice cultivation / rice 

production for different districts pertaining to Kuruvai, Samba and Kodai seasons in Tamilnadu. The 

average r
2
 value in area of cultivation is 0.40 in Kuruvai season,  0.42 in Samba season and  0.46 in Kodai 

season, where as the   r
2
 value in rice production is 0.31 in Kuruvai season,  0.23 in Samba season and  

0.42 in Kodai season. The Rice Data Simulator (RDS) predicted the area of rice cultivation and rice 

production using the MLR equations developed in this research. The range of average predicted area for 

Kuruvai, Samba and Kodai seasons varies from 12052.52 ha to 13595.32 ha, 48998.96 ha to 53324.54 ha 

and 4241.23 ha to 6449.88 ha respectively whereas the range of average predicted rice production varies 

from 45132.88 tonnes to 46074.48 tonnes in Kuruvai, 128619 tonnes to 139693.29 tonnes in Samba and 

15446.07 to 20573.50 tonnes in Kodai seasons. The mean absolute relative error (ARE) between the 

FFBPNN and multiple regression methods of prediction of area of rice cultivation was found to be 15.58%, 

8.04% and 26.34% for the Kuruvai, Samba and the Kodai seasons respectively. The ARE  for the rice 

production  was found to be 17%, 11.80% and 24.60%  for the Kuruvai, Samba and the Kodai seasons 

respectively. The paired t test between the FFBPNN and MLR methods of predicted area of cultivation in 

Kuruvai shows that there is no significant difference between the two types of prediction for certain 

districts.  
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1. INTRODUCTION 

 
Rice is one the stable food for many Asian countries.  Rice is the main food consumed in south 

India including the state of Tamilnadu.  Rice production is a complex process involving the 

different types of soil, varieties of seeds, weather conditions, seasons in a year, varied land and 

water management practices, pest and disease management techniques, manure and fertilizer 

management methods, weed management and timeliness management of different unit operations 

like sowing the seeds, growing of rice and harvesting practices. Hence, rice production is a non 
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linear, parallel and interconnected process. Many mathematical and statistical methods have been 

developed to predict rice production based on different parameters. All these methods do not 

involve a non linear modeling approach. The present study is based on non linear, highly parallel 

and interconnected networking approach of using artificial feed forward back propagation neural 

network (FFBPNN) with sigmoid activation function coupled with rice data simulator. The input 

data like area of rice cultivation in hectare and rice production in tonnes for three seasons namely 

Kuruvai, Samba and Kodai for the 31 districts of Tamilnadu for five years  from 2005-06 to 

2008-09 were collected from the Seasons and Crop report [1] published by the Government of 

Tamilnadu. The authors of this paper already published [2] with more details pertaining to the 

prediction of rice data using FFBPNN. The published paper revealed the fact that the initial error 

computed for the FFBPNN output from the original input data for the entire variable like Kuruvai 

area and its production, Samba area and its production and the Kodai area and its production 

started at 0.0000548 at the first iteration and the error of all the variables became 0 at 18
th
 

iteration. The error reduction pattern for the entire six variables followed the same curve linear 

path. This showed that the non linearity and complexity of input data were reduced and 

smoothened after the transformation by the sigmoid activation function multiplied by weights and 

subsequent updated weights. This paper is the continuation of the already published paper. The 

overall objective of the present study is coupling of Rice Data Simulator (RDS) with FFBPNN for 

simulating rice area of cultivation and rice production for the for five years of data captured, 

which is from 2005-06 to 2008-09. The specific objectives of this paper are: 

 

1 To develop the multiple linear regression equations between the years and FFBPNN method 

of predicted area of rice cultivation / rice production 

2 To predict the area of rice cultivation and rice production from the multiple regression 

equations developed  

3 To compute the absolute relative error (ARE) between the FFBPNN method of prediction and 

multiple regression method of prediction and its analysis 

4 To test the statistical significance using paired t-test between the FFBPNN method of 

prediction and multiple regression method of prediction and its analysis 

 

2. REVIEW OF LITERATURE 

 
According to F. A. Makinde, C. T. Ako  et al [3], the Feed-Forward Back-Propagation Neural 

Network (FFBPNN) model was used to model the under saturated crude oil viscosity from the 

Niger Delta region of Nigeria. The FFBPNN is a multi- layered architecture where information 

flows from the input to the output through at least one hidden/middle layer. Each layer contains 

neurons that are connected to all neurons in the neighboring layers. The connections have 

numerical values (weights) associated with them which will be adjusted during the training phase. 

Checking the results of this model shows that the obtained results for under saturated oil 

viscosities in this work are in agreement with experimental data compared with the empirical 

correlations considered in this work. The newly developed FFBPNN model for predicting under 

saturated crude oil viscosity shows good results compared to the empirical correlations. The 

FFBPNN model achieved an average absolute relative error of 0.01998 and the relative deviation 

correlation coefficient of 0.999 as compared to existing empirical correlations. From the cross 

plots for the FFBPNN model and empirical correlations against their experimental values, the 

FFBPNN model data points’ performance was excellent.  

 

Khashei-Siuki et al [4] studied the prediction of dry land wheat yield based on the daily available 

weather data and yearly agricultural data with several nonlinear modeling techniques for an arid 

and semi-arid climate. Two models were used to predict the wheat yield. They were Adaptive 
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Neuro-Fuzzy Inference Systems (ANFIS) model and Artificial Neural Network with Multi-

Layered Preceptron (MLP) model. The study used seven meteorological variables namely 

precipitations, humidity, evapotranspiration, net radiation, maximum and minimum temperature, 

and dew temperature for the estimation of dry land wheat yield. ANFIS method provided a 

general framework for the combination of ANN and fuzzy systems capabilities. The performance 

of ANFIS model was more pronounced than MLP in testing period. It was concluded that ANFIS 

model has the ability for precise estimation of dry land wheat yield, while MLP being the most 

suitable model for this study area. It was reported that there is a lack of comparative studies of 

different models. Their study used different expert nonlinear models to predict dry land wheat 

yield. It was reported that MLP and ANFIS techniques could be used in many fields including 

scheduling, politics, design, and various other analyses. These models can also be integrated into 

modules for application in general economic models. 

 

Sanjay R. Bhatikar et al [5] reported the challenging problem of modeling of the Energy Storage 

System (ESS) of a Hybrid Electric Vehicle (HEV).The problem is not amenable to physical 

modeling without simplifying assumptions that compromise the accuracy of such models. It was 

reported that the application of an artificial neural network (ANN) was used to model the ESS. 

The model maps the system’s state-of-charge (SOC) and the vehicle’s power requirement to the 

bus voltage and current. It revealed that ANN models can accurately capture the complex, non-

linear correlations accurately. It was reported that  smart select is a technique used for designing 

ANN training data. The underlying philosophy of Smart Select is to design the training data set 

such that it is uniformly distributed over the entire range of an appropriate ANN output variable, 

which is typically the variable that is most difficult to model. It was found that the training data 

that were uniformly distributed over the current range. It was reported that smart-select is 

economical in comparison with conventional techniques for selection of training data. The study 

reported that an artificial neural network model was developed with 2 inputs, 3 hidden neurons 

and 2 outputs utilizing only 1583 of the available 32,254 points. When validated on the remaining 

points, its predictive accuracy, measured by R-squared error, was 0.9978. Also, it was reported 

that there was an integration of the ANN model of the ESS into the MATLAB-SIMULINK 

environment of NREL’s vehicle simulation software, ADVISOR. This yields a simpler 

implementation of the ESS module in ADVISOR and does away with certain tenuous 

assumptions in the original implementation. The report showed that there was dramatic reduction 

in the size of the training data set  by the application of the model modifier approach developed 

by the research group at the University of Colorado at Boulder. 

 

Using ANNs and Fuzzy Logic, Mayilvaganan, and Naidu [6] have tried to predict ground water 

level and they have concluded that ANN performs better than Fuzzy Logic.  

 

It has been also proved by the contribution of Karmakar et al., [7] that Back Propagation Network 

forecast are more efficient technique over the statistical model for forecasting long-range 

monsoon rainfall over the high resolution geographical region such as district or sub-division 

level. He has successfully obtained global minima up to the level of 10-04 during the training 

period. And also has obtained more than 80% accuracy in prediction during the independent 

period.  
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3. METHODOLOGY 

 
3.1 Prediction of rice data using Feed Forward Back Propagation Neural Network  

 
As reported by Arun Balaji and Baskar [2], a computer program in C++ was developed to read 

the training data for the FFBPNN. The five years mean area of cultivation and five year mean rice 

production for the all the districts cultivating rice in Kuruvai, Samba and Kodai seasons of the 

year 2005 to 2009 was taken as training data.  The training data contains the six data items like 

area and production of rice for three seasons for each district. The FFBPNN system consists of 

two neurons per season. The first neuron is made of area of rice cultivation in a season and the 

second neuron is made up of rice production in the same season. Hence, there are two neurons per 

season. Tamilnadu is producing rice in three seasons. This leads to a total of six neurons. The 

Feed Forward Back Propagation Neural Network (FFBPNN) to predict rice area of cultivation 

and rice production is shown in Figure 1 in appendix 1. Readers of this paper are requested to go 

through the first paper published by the same authors Arun Balaji and Baskaran [2] for more 

details. 

 

3.2 Rice Data Simulator (RDS) 
 
RDS is software created in C++ for the simulation of rice data. RDS used the input data either 

area of rice cultivation in hectare or rice production in tonnes for different districts of Tamilnadu 

cultivating rice in Kuruvai, Samba and Kodai seasons for the five years 2005 to 2009.  RDS was 

developed based on the multiple linear regression (MLR) analysis of the set of data pertaining to 

year of rice cultivation (x variable) and either area of rice cultivation or rice production predicted 

from FFBPNN (y variable). The predicted rice data from the FFBPNN for either area of rice 

cultivation or rice production will be the input into RDS system.. The following is the steps 

involve in the prediction of rice data using RDS. 

 

3.2.1 Fitting the multiple linear regression (MLR) equations between years and the area 

of rice cultivation for three seasons  

 
The years of rice cultivation from 2005 to 2009 is taken as independent variable x. The number of 

observation is N, which is 5 in the present case. The y1, y2 and y3  vectors are the area of rice 

cultivation in hectare for Kuruvai, Samba and Kodai seasons respectively for a district. Thus RDS 

provide three sets of multiple regression equations for the area data. Fitting regression equation 

between independent variable x and dependent variable y will give the equation of the form y = a 

+ bx. The a1, a2 and a3 are the constants and  b1, b2 and b3 are regression coefficients computed 

based on the theory of fitting regression equation. The values of  r1
2, r2

2 and r3
2 are coefficient of 

correlation computed to understand the type of fitting. The various generic formulae used to fit 

the regression equation between x and y is given below: 

 

Sum of Product of X and Y = SPXY = ∑�� −		∑�	 ∑��  

Sum of square of X = SSX = ∑�		–	 	(∑�)�  

Sum of square of Y = SSY = ∑�		–	 	(∑�)�  

b= 
������� ,     �̅  = 

∑�� ,     ��  = 
∑��       and     a = �� - b �̅ 

Using the calculated values of a and b, the regression equation can be written as y = a + bx. 

Coefficient of Correlation   r = 
����√���	.��� and �		= 

�������	.��� 
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Thus the RDS provides the following set of multiple linear equations. 

y1 = a1 + b1 x   for area of Kuruvai season 

y2 = a2 + b2 x   for area of rice in Samba season 

y3 = a3 + b3 x   for area of rice in Kodai season 

 

3.2.2 Fitting the multiple linear regression (MLR) equations between years and the rice 

production  for three seasons  

 
The years of rice production from 2005 to 2009 is taken as independent variable x. The number of 

observation is N, which is 5 in the present case. The y4, y5 and y6 vectors are the rice production 

in tonnes in Kuruvai, Samba and Kodai seasons respectively. Fitting regression equation between 

independent variable x and dependent variable y will give the equation of the form y = a + bx. 

The a4, a5 and a6 are the constants and  b4, b5 and b6 are regression coefficients computed based 

on the theory of fitting regression equation. The values of  r4
2
, r5

2
 and r6

2
 are coefficient of 

correlation computed to understand the type of fitting. The various generic formulae used to fit 

the regression equation between x and y was given under section 3.2.1. Thus the RDS uses the 

following set of multiple linear equations: 

 

y4 = a4 + b4 x   for rice production in Kuruvai season 

y5 = a5 + b5 x   for rice production in Samba season 

y6 = a6 + b6 x   for rice production in Kodai season 

 

3.2.3 Prediction of the area of rice cultivation from the MLR  

 

The prediction of area of rice cultivation in hectare is obtained by inserting x = (2005, 2006, 

2007, 2008 and 2009) in the three equations y1 = a1 + b1 x   for area of rice in Kuruvai season, y2 

= a2 + b2 x   for area of rice in Samba season and y3 = a3 + b3 x   for area of rice in Kodai 

season.   

 

3.2.4 Prediction of rice production from the MLR  

 

The prediction of rice production in tonnes is obtained by inserting x = (2005,2006,2007,2008 

and 2009) in the three equations y4 = a4 + b4 x   for  rice production in Kuruvai season, y5 = a5 + 

b5 x   for rice production in Samba season and y6 = a6 + b6 x   for rice production in Kodai 

season. 

 

3.3 Computation of Absolute Relative Error (ARE) for area of cultivation 

 
ARE between the FFBPNN method of predicted area and the multiple regression method of 

predicted area was carried out using the formula given below: 

 

���	% =	 1� (!!"#��	$�%&'()%&	*�%* − +,�	$�%&'()%&	*�%*)!!"#��	$�%&'(%&	*�%*	-.	�'(%	(/0)'1*)'-2�
345 �	100 

 

Where N is the total number of data points.  ARE in percent were computed for different districts 

and different seasons. 
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3.4 Computation of Absolute Relative Error (ARE) for rice production  

 
ARE between the FFBPNN method of predicted rice production and the multiple regression 

method of predicted rice production was carried out using the formula given below: ���	%
=	 1� (!!"#��	$�%&'()%&	�'(%	$�-&/()'-2	 − +,�		$�%&'()%&	�'(%	$�-&/()'-2)!!"#��	$�%&'(%&	�'(%	$�-&/()'-2�

345 �	100 
Where N is the total number of data points.  ARE in percent were computed for different districts 

and different seasons. 

 

3.5 Testing the statistical significance between the FFBPNN and multiple regression 

methods of predicted data  

 
The t-test is used to test the significance between two sets of paired data. The pair consists of  

FFBPNN and multiple regression methods of predicted area of cultivation. The calculated t value 

for N observations was computed as follows: 

 

Let X is the array of values of FFBPNN method of predicted area of cultivation 

Let Y is the array of values of multiple regression method of predicted area of cultivation 

D =  X – Y,  Compute ∑7	,   ∑7		 and  
N

D
D

∑
=

−

 where N is the number of observations 

Standard	Deviation	(SD) = 	D∑7	 	– (∑7	)			�(� − 1)  

Standard Error SE=
N

SD
 

Calculated Paired t value =  
SE

D
−

  It is a positive value. If negative value then omit the minus sign. 

The Degrees of Freedom = N-1  

Refer the statistical t table for (N-1) degree of freedom at 5% level of significance to get the table 

t value. If calculated t value is less than table t value then there is no significant difference 

between the FFBPNN method of predicted area of cultivation and the multiple regression method 

of predicted area of cultivation. . If calculated t value is greater than table t value then there is 

significant difference between the FFBPNN method of predicted area of cultivation and the 

multiple regression method of predicted area of cultivation. The same procedure is used to 

compute the t value between the pair of FFBPNN method of rice production and multiple 

regression method of rice production. 

 

4. Results and Discussions 

 
Table A.1 in the appendix shows the FFBPNN method of predicted area of rice cultivation in 

hectare for different districts in three seasons.  Table A.5 in the appendix shows the FFBPNN 

method of predicted rice production in tonnes for all the districts. As per the paper published by 

the authors [2], the FFBPNN prediction was carried out by updating the weights until the error is 

below the threshold value of 10-9, which was done by repeating the back propagation for 18 
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iterations. This predicted data was compared with the observed data collected for area and 

production of rice in different districts. It was found that both observed and FFBPNN way of 

predicted data are 100% in agreement for three seasons for the years 2005 to 2009. It was found 

that the FFBPNN method of prediction is exactly the same as observed area. There is 100% 

perfect prediction. But in practice, rice area of cultivation and subsequent rice production varies 

based on the variety of seed, availability of water, land and crop management considerations. 

Hence, the authors wished to couple a more scientific method of realistic prediction by 

introducing the development of RDS as per section 3.2. Readers of this paper are requested to go 

through the author’s previous publication [2]. The present results and discussion explains the 

following specific issues: 

 

o Development of MLR equations between the years of rice cultivation and FFBPNN method 

of predicted area of rice cultivation / rice production 

o Prediction of area of rice cultivation and rice production from the MLR equations developed  

o Computation of ARE between the FFBPNN method of prediction and MLR method of 

prediction and its analysis 

o Testing the statistical significance using paired t-test between the FFBPNN method of 

prediction and MLR method of prediction and its analysis 

 

4.1 Development of multiple linear regression equations  

 
As explained in section 3.2.1 and 3.2.2, fitting the MLR equations between years and the area of 

rice cultivation and also between years and the rice production for three seasons of different 

districts of Tamilnadu were carried out. 

 

4.1.1 MLR equations developed between and FFBPNN method of predicted area of 

cultivation  

 
The Rice Data Simulator (RDS) provides the following set of MLR equations for the area of rice 

cultivation: 

 �1 = *1 + F1	�																			(1)		G/�/1*'	H%*H-2 �2 = *2 + F2	�																			(2)		J*KF*	H%*H-2 �3 = *3 + F3	�																			(3)		G-&*'	H%*H-2 
 

The above set of MLR equations fitted between years in x axis and the FFBPNN method of 

predicted area of rice cultivation in y axis is shown in Table A.2 of the appendix. The values of a1 

and b1 for Kuruvai season, a2 and b2 for Samba season and a3 and b3 for the Kodai seasons are 

shown in Table A.2. The summary of the values of r
2
 for the set of MLR equations for area of rice 

cultivation in three seasons are given in Table 1:  
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Table 1: Values of r2 for the set of MLR equations between years and FFBPNN method of predicted area of 

cultivation 

 

Statistical 
Parameters 

Values of r
2
 for regression equation of area of rice cultivation (Table 

A.2) 
Kuruvai season Samba season Kodai season 

Minimum 0.00 0.00 0.04 
Maximum 0.98 0.99 0.89 
Average 0.40 0.42 0.46 
Std.deviation 0.35 0.27 0.25 
No. of 

districts 
25 28 26 

 

Table 1 shows that the r2 values are widely varying between a minimum of 0 to a maximum of 

0.99.  If the r
2
 values are nearer to 1, it means that the fitting is perfect. If the r

2
 values are nearer 

to 0, it means the there is a poor fitting of the regression equation. Table A.2 shows that some 

districts has perfect fitting while some are not having perfect fitting. This is unavoidable in the 

area of rice cultivation because of the reason that agriculture in Tamilnadu is a gamble with 

monsoon rains. Crop failure occurs at different stages of crop growth due to scarcity of irrigation 

water, lack of sufficient nutrients, problems of weeding, pest and diseases etc. It was found that 

there is wide variation in data collected for different years for the districts mainly due to non 

availability of water in time. The average r
2
 value in area of cultivation is 0.40 in Kuruvai season, 

0.42 in Samba season and 0.46 in Kodai season. The standard deviation of r2 value in area of 

cultivation of rice varies from 0.25 in Kodai season to 0.35 in Kuruvai season. All these 

discussion implies that there are wide fluctuations in data pertaining to area of rice cultivation in 

different years for some of the districts. However, the researcher has fitted the MLR equations by 

using non linear FFBPNN prediction coupled with RDS to get a scientific way of predicting the 

area of cultivation. 

 

4.1.2 MLR equations developed between the years and the FFBPNN method of predicted 

rice production  

 

The RDS provides the following set of MLR equations for rice production: �4 = *4 + F4	�																			(4)		G/�/1*'	H%*H-2 �5 = *5 + F5	�																			(5)		J*KF*	H%*H-2 �6 = *6 + F6	�																			(6)		G-&*'	H%*H-2 
 

The set of MLR equations were fitted between years of rice production in x axis and the FFBPNN 

method of predicted rice production in tonnes in y axis, which is shown in Table A.6 of the 

appendix. The values of a4 and b4 for Kuruvai season, a5 and b5 for Samba season and a6 and b6 

for the Kodai seasons are shown in Table A.6. The summary of the values of r2  for the set of 

MLR equations  for rice production in three seasons are given in Table 2:  
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Table 2: Values of r2 for the set of MLR equations between years and FFBPNN method of predicted rice 

production 

 

Statistical 
Parameters 

Values of r
2
 for regression equation of rice production (Refer Table A.6) 

Kuruvai season Samba season Kodai season 
Minimum 0.00 0.00 0.00 
Maximum 0.87 0.98 0.99 
Average 0.31 0.23 0.42 
Std.deviation 0.30 0.23 0.27 
No. of districts 25 28 26 

 

Table 2 shows that the r2 values are widely varying between a minimum of 0 to a maximum of 

0.99. It is found from Table A.6 that some districts in a season has perfect fitting with r2 value 

nearing 1, while some other districts in a season are not having  perfect fitting because r
2
 is 

nearing 0.  It is found that the average r2 value in rice production is 0.31 in Kuruvai season,  0.23 

in Samba season and  0.42 in Kodai season. The standard deviation of r2 value in rice production 

varies from 0.23 in Samba season to 0.30 in Kuruvai season. This discussion implies that there 

are wide fluctuations in data pertaining to rice production in different years for a district due to 

complexities of water scarcity, rice husbandry and management.  

 

4.2 Prediction of area of rice cultivation and rice production from the MLR 

equations developed  

 
The predicted area of rice cultivation was computed for 2005 to 2009 by inserting year of 

cultivation from 2005 to 2009 in the MLR equations shown in Table A.2 of appendix for three 

seasons. Similarly, the predicted rice production was computed by inserting year of cultivation 

from 2005 to 2009 in the MLR equations shown in Table A.6 of appendix for three seasons. 

 

4.2.1 Prediction of area of rice cultivation from the MLR  

 
The predicted areas of cultivation are shown in Table A.3 of the appendix. The statistics of the 

predicted area of cultivation from the set of MLR equations as per Table A.3 for three seasons are 

given in Table 3. 
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Table 3: Statistics of the predicted area of cultivation from MLR for three seasons 

 

Parameter Statistics of the predicted area of cultivation from MLR, hectare 
Year 2005 2006 2007 2008 2009 

 Kuruvai season 

Minimum 1369 1176 905 634 363 
Maximum 41757 40870 39984 39097 38210 
Mean 13595.32 13212.08 12828.96 12445.84 12062.52 
Std. deviation 11070.78 10835.56 10644.48 10499.97 10403.82 

 Samba season 

Minimum 4854 3963 3071 2180 1288 
Maximum 141026 141925 142823 143722 144621 
Mean 53324.54 52298 51271.5 50245.11 48998.96 
Std. deviation 43865.85 44295.53 44841.75 45500.54 46484.37 

 Kodai season 

Minimum 94 257 285 178 -225 
Maximum 35035 34069 33103 32137 31171 
Mean 6449.88 5897.69 5345.62 4793.50 4241.23 
Std. deviation 8939.42 8206.36 7539.40 6957.60 6484.13 
 

Table 3 brings out the fact for the Kuruvai season the minimum range of predicted area of rice 

cultivation varies from 363 ha to 1369 ha. It was also found out that the maximum predicted area 

varies from 38201 ha to 41757. The average predicted area varies from 12052.52 ha to 13595.32 

ha. Similarly, the standard deviation varies from 10403.82 ha to 11070.78 ha. It was found that 

the predicted area of rice cultivation gradually reduces from 2005 to 2009. 

 

With regard to the Samba season, the minimum predicted area of rice cultivation varies from 

1288 ha to 4584 ha. The maximum predicted area varies from 141026 ha to 144621 ha. The 

average predicted area varies from 48998.96 ha to 53324.54 ha. Similarly, the standard deviation 

varies from 43865.85 ha to 46484.37 ha. 

 

With regard to the Kodai season,  the minimum  predicted area of rice cultivation varies from -

225 ha for Coimbatore district in 2009 to 285 ha for Pudukottai district in 2007. The negative 

value of -225 ha cannot be acceptable prediction. The reason for the negative prediction of area is 

mainly due to wide variations of observed area of cultivation, which causes the regression 

equation not true representative to provide the correct prediction. This type of error can be 

avoided only when more input data are available to build the MLR equations. It was also found 

that the negative prediction of area was found only for Coimbatore and Namakkal districts. The 

prediction worked well for other districts. The maximum predicted area varies from 31171 ha to 

35035 ha. The average predicted area varies from 4241.23 ha to 6449.88 ha and the standard 

deviation varies from 6484.13ha to 8939.42 ha. 

 

4.2.2 Prediction of rice production from MLR equations  

 
The predicted rice productions are shown in Table A.7 of the appendix. The statistics of the 

predicted rice production from the set of MLR equations for rice productions for three seasons are 

given in Table 4. 
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Table 4: Statistics of the predicted rice production from MLR equations for rice production 

 

Parameter Statistics of the predicted rice production from MLR equations, tonnes  
Year 2005 2006 2007 2008 2009 

 Kuruvai season (25 districts produce rice) 

Minimum 4176.00 3560.00 2945.00 2329.00 1714.00 
Maximum 144870.00 143808.00 142746.00 141683.00 140620.00 
Mean 45132.88 45368.24 45603.76 45839.12 46074.48 
Std. deviation 36372.19 35870.94 35735.12 35968.55 36564.20 

 Samba season (28 districts produce rice) 

Minimum 15444.00 14126.00 12808.00 11491.00 10173.00 
Maximum 398311.00 374415.00 353250.00 354486.00 355724.00 
Mean 136481.96 134516.29 139693.29 137727.54 128619.00 
Std. deviation 100385.35 98086.32 100527.40 99779.97 96856.03 

 Kodai season (26 districts produce rice) 

Minimum 417.00 898.00 980.00 633.00 -97.00 
Maximum 107903.00 107148.00 106394.00 105639.00 104884.00 
Mean 20573.50 19291.49 18009.82 16727.93 15446.07 
Std. deviation 27967.16 26246.86 24704.93 23376.33 22299.37 
 

Table 4 brings out the fact that for the Kuruvai season, the minimum predicted rice production 

varies from 1747 tonnes to 4176 tonnes. It was also found out that the maximum predicted rice 

production varies from 140620 tonnes to 144870 tonnes. The average predicted rice production 

varies from 45132.88 tonnes to 46074.48 tonnes and the standard deviation varies from 35735.12 

tonnes to36564.20 tonnes. It was found that the predicted rice production fluctuates every year 

and does not follow any particular trend because of complexities like weather and crop husbandry 

aspects. 

 

With regard to the Samba season, the minimum predicted rice production varies from 10173 

tonnes to 15444 tonnes. The maximum predicted rice production varies from 353250 tonnes to 

398311 tonnes. The average predicted rice production varies from 128619 tonnes to 139693.29 

tonnes and the standard deviation varies from 96856.03 tonnes to 100527.40 tonnes. 

 

The predicted rice production from MLR for the Kodai season season is shown in Table A.7 of 

the appendix. The minimum predicted rice production varies from -97 tonnes for Namakkal 

district in 2009 to 980 tonnes in 2007 for Pudukottai district. The negative value of -97 tonnes 

cannot be acceptable prediction. The reason for the negative prediction of area is mainly due to 

wide variations of input observed rice production, which causes the regression equation not true 

representative to provide the correct prediction. This type of error can be avoided only when more 

input data is available to build the MLR equations. The maximum predicted rice production 

104884 tonnes in 2009 to 109903 tonnes in 2005. The average predicted rice production varies 

from 15446.07 tonnes to 20573.50 tonnes and the standard deviation varies from 22299.37 tonnes 

to 27967.16 tonnes. 

 

4.3 ARE between the FFBPNN and MLR methods of prediction  
 

As per the explanation in section 3.3 and 3.4, the ARE percent was calculated for area of rice 

cultivation between FFBPNN and MLR methods of predicted area of rice cultivation. The ARE 

percent for rice production was also calculated between FFBPNN and MLR methods of predicted 

rice production.  
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4.3.1 ARE between the FFBPNN and MLR methods of predicted area of cultivation 
 

ARE between the FFBPNN and MLR methods of predicted area of cultivation was worked out 

and shown in Table A.4 of the appendix. The summary of the ARE percent is given in Table 5. 
 

Table 5: Summary of the ARE percent between the FFBPNN and MLR methods of predicted area of 

cultivation 

 

Statistical 
parameters 

ARE percent between the FFBPNN method and MLR methods of  predicted 

area of cultivation, %   
Kuruvai season Samba season Kodai season 

Minimum 2.04 0.61 2.61 
Maximum 63.48 38.13 58.71 
Mean 15.58 8.04 26.34 
Std. deviation 16.34 8.96 17.32 
No. of districts  25 28 23 
Remarks During Kodai, Namakkal and Coimbatore districts has negative prediction 

and Nagapattinam has high error % . 
 

Table 5 brings out the fact that the minimum, maximum and mean ARE percent was 2.04%, 

63.48% and 15.58% respectively for Kuruvai season, 0.61%, 38.13% and 8.04% respectively for 

Samba season and 2.61%, 58.71% and 26.34% respectively for Kodai season respectively. The 

reason for the highest error of 63.48%  in Tiruvarur district in Kuruvai season,38.13%  in 

Coimbatore district during Samba season and 58.71%  in Salem district during Kodai season are 

due to wide fluctuations in the observed data. 
 

4.3.2 ARE between the FFBPNN and the MLR methods of predicted rice production 
 

ARE between the FFBPNN and MLR methods of predicted rice production were worked out and 

shown in Table A.8 of the appendix.  The summary of the ARE percent is given in Table 6. 
 

Table 6 Summary of the ARE between the FFBPNN and the MLR methods of predicted rice production 

 

Statistical 
parameters 

ARE between the FFBPNN and the MLR methods of predicted rice 

production 
Kuruvai season Samba season Kodai season 

Minimum 3.96 1.64 2.21 
Maximum 56.19 35.05 59.22 
Mean 17.00 11.80 24.60 
Std. deviation 13.56 7.83 15.93 
No. of districts 25 28 23 
 

Table 6 brings out the fact that the minimum, maximum and mean ARE percent are 3.96%, 

56.19% and 17.0% respectively for Kuruvai season, followed by 1.64%, 35.05% and 11.80% 

respectively for Samba season and 2.21%, 59.22% and 24.60% respectively for Kodai season. 

The standard deviation varies from 7.83 % in Samba season to 15.93% in Kodai season. 

Namakkal district showed the predicted rice production of -97 tonnes for 2009 (refer table A7) 

and hence it was omitted for prediction for want of more data. Similarly, Coimbatore district 

showed the predicted area of rice cultivation of – 225 has (refer table A.3) and hence it was also 

omitted for further prediction for want of more input data. Nagapattinam district showed the high 

mean ARE percent of 581.49% due to the extreme ARE percent of 2832 % for the year 2007 as 

per table A.4 in appendix. Hence, Nagapattinam district was also omitted for further prediction 
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for want of more years of data to get consistent result.  This caused the number of districts 

predicted in Kodai season is reduced to 23 districts. 
 

4.4 Test of significant difference between the FFBPNN and MLR methods  
 

The t-test as explained in section 3.5 is used to test the significance between two sets of paired 

data. The first data field is the FFBPNN method of predicted area of cultivation and the second 

data field is the MLR method of predicted area of cultivation. The two data items for a year form 

a pair. The same procedure is used to compute the t value between the pair of FFBPNN and MLR 

methods of rice production. 

 

4.4.1 Paired t test between the FFBPNN and MLR methods of predicted area 

 
The t-test was conducted as per section 3.5 between the FFBPNN and MLR methods of predicted 

area of rice cultivation. There are 25 observations for Kuruvai season. The table t value for the 

degrees of freedom of 24 at 5% level of significance was taken up from the t table.  If the 

calculated t value is less than the table t value then there is no significant difference between the 

two samples. This procedure is repeated for different years of rice cultivation for Kuruvai, Samba 

and Kodai seasons. The summary of the t test is given in Table7. 

 

Table 7 shows the fact that the calculated t value is less than the table t value at 5% level of 

significance for all the years in Kuruvai season, i-e there is 95% confidence level between the 

FFBPNN and MLR methods of predicted area of rice cultivation. It is interpreted that there is 

statistically no significant difference between FFBPNN and MLR methods of predicted area of 

rice cultivation for the Kuruvai season.  

 

With regard to the Samba season, the calculated t value is less than the table t value at 5% level of 

significance for all the years excepting 2007 and 2009.   The predicted area of rice cultivation by 

FFBPNN method and MLR method are significantly different for 2007 and 2009. But, it is found 

that there is statistically no significant difference between FFBPNN and MLR methods of 

predicted area of rice cultivation for the years 2005, 2006 and 2008.  

 
Table 7: Result of t test between the FFBPNN and MLR methods of predicted area of cultivation 

  

Season 
No. of 

districts  
DF 

Table t  

at 5% 

level 

Calculated t value for area of cultivation 

for different years Remarks 

2005 2006 2007 2008 2009 

Kuruvai 25 24 2.064 1.673 1.949 1.884 1.968 1.615 

No Significant 

difference at 5%  

level for all the years 

Samba 28 27 2.052 1.665 1.101 4.022 0.104 2.742 

 Significant 

difference for the 

year 2007 and 2009.   

Kodai 26 25 2.056 3.065 2.845 3.725 1.624 0.654 

Significant 

difference for  the 

years 2005 ,2006, 

2007.   

 

Note: DF: Degrees of Freedom 

With regard to the Kodai season, the calculated t value is less than the table t value at 5% level of 

significance for the years 2008 and 2009. There is statistically no significant difference between 

the FFBPNN method of predicted area and MLR of predicted area for the years 2008 and 2009.  
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For the year 2005, 2006 and 2007, it was  found that the calculated t value is greater than  the 

table t value, it means that there is statistically significant difference between the FFBPNN 

method and MLR of predicted area of cultivation for the year 2005,2006 and 2007.  

 

The conclusion of the t test shows that the idea of building MLR equations by taking the 

FFBPNN method of predicted area of cultivation as dependant variable (y) and the years of 

cultivation as independent variable (x) for the three seasons and the subsequent use of RDS to 

predict area of cultivation worked very well excepting for the 2007 in Samba season, 2005, 2006 

and 2007 in Kodai seasons. 

 

4.4.2 Paired t test between the FFBPNN and MLR methods of predicted rice production  

 

The paired t-test is used to test the significance between two sets of paired data items. The first 

data item is the FFBPNN method of predicted rice production and the second data item is MLR 

method of predicted rice production. The two data items form a pair. The calculated t value 

between the two sets of 25 observations for Kuruvai season was compared with the table t value 

at 24 degrees of freedom at 5% level of significance. If the calculated t value is less than the table 

t value then there is no significant difference between the two samples. This procedure is repeated 

for 2005 to 2009 for Kuruvai, Samba and Kodai seasons. The summary of the t test is given Table 

8. 

 

Table 8 shows the fact that the calculated t value is less than the table t value at 5% level of 

significance for the years 2005,2006 and 2007 in Kuruvai season, 2005,2008 and 2009 in Samba 

season and 2006,2008 and 2009 in Kodai season. Hence, it is found that there is statistically no 

significant difference between the FFBPNN and MLR methods of predicted rice production for 

the years 2005,2006 and 2007 in Kuruvai season, 2005,2008 and 2009 in Samba season and 

2006,2008 and 2009 in Kodai season respectively. 

 
Table 8: Result of t test between the FFBPNN and MLR methods of predicted rice production  

 

Season 
No. of 

districts 
DF 

Table t  

at 5% 

level 

Calculated t for  rice production for  

different years Remarks 

2005 2006 2007 2008 2009 

Kuruvai 25 24 2.064 1.771 0.472 0.006 2.719 6.300 
Significant difference 

for   2008 and 2009.  

Samba 28 27 2.052 1.007 2.472 2.160 1.685 1.759 

 Significant 

difference for   2006 

and 2007.  

Kodai 26 26 2.056 2.916 1.817 3.421 1.699 0.095 
Significant difference  

for  2005 and  2007.  

 

Note: DF: Degrees of Freedom 

Table 8 also shows the fact that the calculated t value is greater than the  table t value at 5% level 

of significance for the years 2008 and 2009 in Kuruvai season, 2006 and 2007 in Samba season 

and 2005 and 2007 in Kodai season respectively. It is interpreted that there is statistically 

significant difference between the FFBPNN and MLR methods of predicted rice production. 
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5. SUMMARY AND CONCLUSIONS 

 
Prediction of annual rice production in all the 31 districts of Tamilnadu is an important decision 

for the Government of Tamilnadu. Rice production is a non linear and complex process involving 

soil, crop, weather, pest, disease, capital, labour and management parameters. FFBPNN software 

was designed and developed to predict area of cultivation and rice production. As per [2], the 

predicted results were found to be exactly equal to the observed values. It showed that the 

prediction was 100% accurate. Rice Data Simulator is software developed based on the MLR 

equations of the rice data. RDS used the inputs of FFBPNN predicted data and the years of rice 

cultivation and the output from the RDS is the MLR method of predicted data. The predicted data 

from the FFBPNN and MLR methods were tested using the t test and also analyzed based on the 

ARE. The summary and conclusions drawn from the present research is given below: 

 

1 The fitting of multiple regression equations between the years of rice cultivation and the area 

of cultivation/rice production is judged by the r
2
 values. It was found that the r

2
 values are 

widely varying between a minimum of 0 to a maximum of 0.99.  If the r2 values are nearer to 

1, it means that the fitting is perfect. If the r2 values are nearer to 0, it means the there is a 

poor fitting of the regression equation. The average r
2
 value in area of cultivation is 0.40 in 

Kuruvai season, 0.42 in Samba season and 0.46 in Kodai season. The standard deviation of r2 

value in area of cultivation of rice varies from 0.25 in Kodai season to 0.35 in Kuruvai 

season. Similarly, it is also found that the average r
2
 value in rice production is 0.31 in 

Kuruvai season, 0.23 in Samba season and 0.42 in Kodai season. The standard deviation of r2 

value in rice production varies from 0.23 in Samba season to 0.30 in Kuruvai season. The 

conclusion drawn from the results and discussion is that there is wide yearly variation of area 

of cultivation and rice production in some districts which is having the r
2
 near to 0. It is 

unavoidable in rice cultivation because of the reason that agriculture in Tamilnadu is a 

gamble with monsoon rains and also due to complexities of soil, weather, fertilizers, weeding, 

pests, diseases etc. The districts having r
2
 near to 1 have perfect prediction.  The wide 

variations in some districts can be reduced if the input data is available for more number of 

years.   

2 It was found that by using the MLR method of prediction, the average predicted area during 

Kuruvai season varies from 12052.52 ha to 13595.32 ha and the standard deviation varies 

from 10403.82 ha to 11070.78 ha. This gives the conclusion that the predicted area of rice 

cultivation gradually reduces from 2005 to 2009 during Kuruvai season. The average 

predicted area during Samba season varies from 48998.96 ha to 53324.54 ha and the standard 

deviation varies from 43865.85 ha to 46484.37 ha. The average predicted area for Kodai 

season varies from 4241.23 ha to 6449.88 ha and the standard deviation varies from 

6484.13ha to 8939.42 ha. 

3 With regard to the Kodai season, the minimum predicted area of rice cultivation varies from -

225 ha for Coimbatore district in 2009 to 285 ha for Pudukottai district in 2007. The negative 

value of -225 ha cannot be acceptable prediction. Similarly, Namakkal district also has -62 

ha. The reason for the negative prediction of area is mainly due to wide variations of observed 

area of cultivation for the five years, which causes the regression equation not true 

representative to provide the correct prediction. This type of error can be avoided only when 

more input is available to build the regression equation. It was also found that the negative 

prediction of area for Coimbatore and Namakkal districts during Kodai season only, there is 

no such problems encountered for other seasons and other districts.  

4 It was found that for the Kuruvai season the range of minimum, maximum and average 

predicted rice production varies from 1747 tonnes to 4176 tonnes , 140620 tonnes to 144870 

tonnes and 45132.88 tonnes to 46074.48 tonnes respectively. With regard to the Samba 
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season, the range of minimum, maximum and average predicted rice production varies from 

10173 tonnes to 15444 tonnes, 353250 tonnes  to 398311 tonnes and 128619 tonnes to 

139693.29 tonnes respectively. With regard to the Kodai season, the range of  maximum and 

average  predicted  rice production varies  104884 tonnes in 2009 to 109903 tonnes in 2005 

and 15446.07 tonnes to 20573.50 tonnes respectively where as the standard deviation varies 

from 22299.37 tonnes to 27967.16 tonnes.   

5 With regard to the Kodai season, the range of minimum predicted rice production varies from 

-97 tonnes in 2009 for Namakkal district to 980 tonnes in 2007 for Pudokottai. The negative 

value of -97 tonnes cannot be acceptable prediction. The reason for the negative prediction of 

area is mainly due to wide variations of observed rice production, which causes the regression 

equation not true representative to provide the correct prediction. This type of error can be 

avoided only when more input data is available to build the regression equation.  

6 It was found that  the minimum, maximum and mean ARE percent for the area of rice 

cultivation was 2.04%, 63.48% and 15.58% respectively for Kuruvai season,  0.61%, 38.13% 

and 8.04% for Samba season and  2.61%, 58.71% and 26.34% for Samba season respectively. 

The reason for 63.48% error in Tiruvarur district in Kuruvai season,38.13% error in 

Coimbatore district during Samba season and 58.71% error in Salem district during Kodai 

season are due to wide fluctuations in the observed data.   

7 For the rice production, it was found that the minimum, maximum and mean ARE percent are 

3.96%, 56.19% and 17.0% for Kuruvai season, 1.64%, 35.05% and 11.80% for Samba season 

and 2.21%, 59.22% and 24.60% for Kodai season  respectively. The standard deviation varies 

from 7.83 % in Samba season to 15.93% in Kodai season.  

8 Namakkal and Coimbatore districts showed the predicted rice production of -97 tonnes for 

2009 and -225 ha respectively. Nagapattinam district showed the high mean ARE percent of 

581.49% due to the extreme data obtained for the year 2007.  Hence, Namakkal , Coimbatore 

and Nagapattinam districts were omitted for further prediction during Kodai season due to 

want of more years of data to get consistent prediction. 

9 The paired t test between the FFBPNN and MLR methods of predicted area of cultivation in 

Kuruvai shows that there is no significant difference between the two types of predictions. It 

was found for the Samba season, during 2007 and 2009 there is significant difference 

between FFBPNN and MLR methods of predicted area of cultivation. There is statistically no 

significant difference between the FFBPNN and MLR methods of predicted area for the three 

years 2005, 2006 and 2008 in Samba season. It was found for the Kodai season, during 2005, 

2006 and 2007, there is significant difference between FFBPNN and MLR methods of 

predicted area of cultivation. There is statistically no significant difference between the 

FFBPNN and MLR methods of predicted area for the two years 2008 and 2009 in the Kodai 

season..  

10 For the prediction of rice production, it was found that for the years 2005,2006 and 2007 in 

Kuruvai season, 2005,2008 and 2009 in Samba season and 2006,2008 and 2009 in Kodai 

season, there is insignificant difference between FFBPNN and multiple regression methods of 

prediction.  It was also found that for the years 2008 and 2009 in Kuruvai season, 2006 and 

2007 in Samba season, 2005 and 2007 in Kodai season showed that there is statistically 

significant difference between the FFBPNN method and the MLR methods of predicted rice 

production. The conclusion of the t test shows that the idea of building the multiple linear 

regression equations by taking the FFBPNN method of predicted area of cultivation / rice 

production as dependant variable (y) and the years of cultivation as independent variable (x) 

for the three seasons and the subsequent RDS predicted area of cultivation /rice production 

worked very well excepting for some years due to wide variations in observed data which 

needs more input data for getting consistent results. 
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Appendix 
Table A.1: FFBPNN method of predicted area of rice cultivation in different districts for three seasons 

 

 
 

Table A.2: Multiple regression equations fitted for area of rice cultivation in different districts for three 

seasons 
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Table A.3: Predicted area of rice cultivation based on MLR equations in different districts for three seasons 

 

 
 

Table A.4: ARE percent between  FFBPNN and  MLR methods of predicted area  of rice cultivation in 

different districts for three seasons 
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Table A.5: FFBPNN method of predicted rice production in different districts for three seasons 

 

 
 

Table A.6: Multiple regression equations fitted for rice production in different districts for three seasons 
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Table A.7: Predicted rice production based on MLR equations in different districts for three seasons 

 

 
 

Table A.8: ARE percent between  FFBPNN and MLR methods of predicted rice production in different 

districts for three seasons 

 

 


