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	 The present investigation was carried out to study area, production and productivity 
trends and growth rates of cotton crop grown in Ahmedabad Region of Gujarat State for the 
period 1949-50 to 2007-08 based on parametric and nonparametric regression models. In 
parametric models different linear, non-linear and time-series models were employed. The 
statistically most suited parametric models were selected on the basis of adjusted R2, significant 
regression co-efficient and co-efficient of determination (R2). Appropriate time-series models 
were fitted after judging the data for stationarity. The statistically sound model was selected 
on the basis of various goodness of fit criteria viz. Akaike’s Information Criterion, Bayesian 
Information Criterion, RMSE, MAE and assumptions of normality and independence of residuals. 
In nonparametric regression optimum bandwidth was computed by cross-validation method. 
‘Epanechnikov-kernel’ was used as the weight function. Nonparametric estimates of underlying 
growth function were computed at each and every time point. Residual analysis was carried out 
to test the randomness. Relative growth rates of area, production and productivity were estimated 
based on the best fitted trend function. None of the parametric model was found suitable to fit 
the trends in area, production and productivity of the cotton crop. Nonparametric regression 
was finally selected as the best fitted trend function for the area, production and productivity 
of cotton crop based on lower values of root mean square and mean absolute errors. Cotton 
production had increased at a rate of 2.58% which was due to combined effect of increase in 
area and productivity at a rate of 0.66 and 1.15 per cent per annum respectively.

Keywords: Adjusted R2, stationarity, akaike’s information criterion, 
bayesian information criterion, lijung and box test, cross validation, band width.

	 India is primarily an agriculture-based 
country and its economy largely depends on 
agriculture. About 25% of our country’s Gross 
Domestic Product (GDP) comes from agricultural 
sector. Nearly 74 % of the country’s population 
lives in villages and depends on agriculture. 
Therefore, country’s development largely depends 
upon the development of agriculture (Nath, 
2008). The middle Gujarat constitutes of eight 
different districts viz., Ahmedabad, Kheda, Anand, 
Vadodara, Mahisagar, Botad, Panchmahal and 
Dahod. Ahmedabad district covers an area of 
7932.40 sq. km out of which 253900 ha is mainly 

area under cotton, paddy, wheat, bajra and castor 
crops. The information on crop area, production 
and productivity statistics are the backbone of 
agricultural statistical system. Regional data 
analysis is very vital since it forms the basis for 
economic and policy planning by the state and 
central governments. Hence, if a trend of the 
variability can be established by appropriate 
statistical methods, it will have practical utility. 
If any crop is showing decreasing trend in area, 
production and productivity, appropriate policy 
measures can be initiated if the corresponding data 
on trend are analyzed well in advance. Growth 
rate analyses are also widely employed to study 
the long-term trends in various agricultural crops 
(Panse, 1964).  
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	 The growth rates of different crops are 
estimated mostly through the parametric models 
by assuming the linear or exponential functional 
forms. A research workers (Panse, 1964; Dey, 
1975; Reddy, 1978; Narain et al., 1982; Patel et 
al., 1986, Kumar and Rosegrant, 1994; Kumar, 
1997; Borthakur and Bhattacharya, 1998; Joshi and 
Saxena, 2002; Singh and Srivastava, 2003; Shah 
et al., 2005; Sarma, 2005; Patil et al., 2009) have 
used parametric models, to estimate growth rates, 
which are currently being used by the planners or 
policy makers of the country. However, the data 
may not be following these linear or exponential 
models or may require fitting of higher degree 
polynomials or non-linear models. Further this 
models lack the econometric consideration i.e., 
normality and randomness of residuals. Under 
these circumstances it becomes imperative to take 
recourse to nonparametric regression approach, 
which is based on fewer assumptions. 
	 The objective of the present study is 
to develop an appropriate statistical model to fit 
the trends and to calculate growth rates in area, 
production and productivity of cotton crop grown 
in Ahmedabad region of Gujarat state based on both 
parametric (Linear, non-linear and time-series) and 
nonparametric regression models.    

MATERIALS   AND  METHODS 

	 To achieve the stipulated objectives, the 
present study had been carried out on the basis 
of time-series data pertaining to the period 1949-
50 to 2007-08 have been collected from various 
publication (Margdarshika, published yearly by 
Directorate of Agriculture) of Gujarat government 
(Anonymous, 2009).
	 In  pa ramet r i c  mode ls  d i ffe ren t 
linear (Montgomery et al., 2003), non-linear     
(Ratkowsky, 1990; Bard, 1974; Draper and Smith, 
1998) and Auto-Regressive Integrated Moving 
Average (ARIMA) time-series models (Box et 
al., 1976) were employed. The statistically most 
suited parametric models were selected on the 
basis of adjusted R2, significant regression co-
efficient, co-efficient of determination (R2), Root 
Mean Square Error (RMSE), Mean Absolute Error 
(MAE) and assumptions of residuals (normality 
and randomness).
	 Appropriate ARIMA models were fitted 

after judging the time-series data for stationarity 
based on visual inspection, auto-correlation 
function and partial auto-correlation function. The 
auto-correlation upto fifteen lags were worked 
out. The statistically most appropriate time-series 
model was selected based on various goodness of fit 
criteria viz. Akaike’s Information Criterion (AIC), 
Bayesian Information Criterion (BIC), RMSE, 
MAE and assumptions of residuals (Shaprio-
Wilk test for normality and Lijung & Box test for 
randomness). 
	 In nonparametric regression (Hardle, 
1990), the first step involved estimation of optimum 
bandwidth and was computed by cross-validation 
method. ‘Epanechnikov-kernel’ was used as the 
weight function. Nonparametric estimates of 
underlying growth function were computed at 
each time point. Residual analysis was carried out 
to test the randomness. A relative growth rate was 
calculated based on best fitted model.
	

RESULTS   AND  DISCUSSION

	 Different parametric (linear, non-linear 
and time series) and nonparametric regression 
models were fitted to study the trends in area, 
production and productivity data of the cotton 
crop. The characteristics of fitted linear, non-linear 
(Table 1, Table 2, Table 3) and time-series (Table 
4) models are presented. The findings are discussed 
in sequence as under.
Trends in area, production and productivity 
based on parametric models
	 Among the fitted linear and non-linear 
models, for the area the Sinusoidal model with the 
maximum adjusted R2 of 53 %, minimum values 
of RMSE (308.44) and MAE (229.17)  (Table 1) 
; for the production the third degree polynomial 
model with the maximum adjusted R2 of 32 %, 
minimum values of RMSE (559.39) and MAE 
(416.60)  (Table 2) ; for the productivity again the 
third degree polynomial model with the maximum 
adjusted R2 of 35 %, minimum values of RMSE 
(49.97) and MAE (37.12)  (Table 3) , respectively 
found suitable to fit the trends. 
	 The Sinusoidal model fitted to the area, 
failed to the assumption of the residuals and hence 
none of the linear and non-linear models were 
found suitable to fit the trends in area. However, 
to fit the trends in production the third degree 
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polynomial model was emerged as the best fitted 
models among the linear and non-linear models. 
In case of productivity , the partial regression 
co-efficient in linear term was significant and rest 
of the partial regression co-efficient were non-
significant indicating that this fitted model failed to 
fulfill the model selection criteria and hence none 
of the linear and non-linear models were found 
suitable to fit the trends in productivity. 
Trends in area, production and productivity 
based on time-series models
	 For the area, the stationarity was achieved 
by differencing two times i.e., d=2. The pattern of 
auto-correlations gk showed damped sine-wave and 
significant partial auto-correlations fkk at second 
and third lags. This suggested consideration of 
ARIMA (2,2,0) and ARIMA(3,2,0) as the candidate 
models and the results are given in Table 4. But 
since the Box-Ljung test values were significant 
in both the models, these models failed to fulfill 
the model selection criteria and hence none of the 
ARIMA families’ of time-series models were found 
suitable to fit the trend in area under the cotton 
crop. However, the stationarity of production was 
achieved by differencing two times i.e., d=2. The 
pattern of auto-correlations gk showed damped 
sine-wave and significant partial auto-correlations 
fkk at second, third, fourth, fifth and sixth lags. 
This suggested consideration of ARIMA(2,2,0), 
ARIMA(3,2,0), ARIMA(4,2,0), ARIMA(5,2,0) 
and ARIMA(6,2,0) as the candidate models and 
the results are given in Table 4. But since the AIC 
(926.75), BIC(941.06), RMSE (775.01) and MAE 
(569.92)  values were found to be lower than that of 
in the other candidate models, the ARIMA(6,2,0) 

was found suitable  to fit the trend in production 
of cotton crop  among the ARIMA families’ of 
time-series models. In case of productivity the 
stationarity was achieved by differencing two 
times i.e., d=2. The pattern of auto-correlations 
gk showed damped sine-wave and significant 
partial auto-correlations fkk at second, third, fourth 
and fifth lags. This suggested consideration of 
ARIMA(2,2,0), ARIMA(3,2,0), ARIMA(4,2,0) 
and ARIMA(5,2,0) as the candidate models and 
the results are given in Table 4. But since the AIC 
(646.01), BIC(658.27), RMSE (66.23) and MAE 
(49.08)  values were found to be lower than those 
in the other candidate models, the ARIMA(5,2,0) 
was found suitable  to fit the trends in productivity 
of cotton crop  among the ARIMA families’ of 
time-series models. 
Trends in area, production and productivity 
based on non-parametric models 	
	 Using the cross-validation method, 
for the area, production and productivity of 
the cotton crop, the optimum bandwidth was 
computed as 0.169, 0.203 and 0.054 respectively. 
Nonparametric estimates of underlying growth 
function were computed at each and every 
time point. Residual analysis showed that the 
assumptions of independence of errors were not 
violated at 5% level of significance. The RMSE, 
MAE values were for area 300.05 and 215.84; for 
production 547.87 and 397.52; for productivity 
37.46 and 29.19 respectively. These values 
were much lower than those obtained through 
the parametric models, indicating thereby the 
superiority of this approach over the parametric 
approach. Nonparametric regression model was 

Table 5. Period-wise relative growth rates of area, production and productivity of cotton 
crop

Period	 Area (%)	 Produn (%)	 Prodty (%)

Ist Five Year Plan (1951-52 to 1955-56)	 5.09	 9.63	 5.88
IInd  Five Year Plan (1956-57 to 1960-61)	 2.34	 5.34	 7.09
IIIrd  Five Year Plan (1961-62 to 1965-66)	 0.38	 2.98	 1.42
IVth  Five Year Plan (1969-70 to 1973-74)	 -1.69	 -1.46	 -0.61
Vth Five Year Plan (1974-75 to 1978-79)	 -3.06	 -3.72	 -0.72
VIth Five Year Plan (1980-81 to 1984-85)	 -3.84	 -2.32	 -1.87
VIIth  Five Year Plan (1985-86 to 1989-90)	 -1.02	 2.43	 7.89
VIIIth Five year Plan (1992-93 to 1996-97)	 2.90	 3.82	 2.89
IXth Five Year Plan (1997-98 to 2001-2002)	 1.81	 3.12	 -9.84
Xth Five Year Plan (2002-03 to 2006-2007)	 1.36	 3.69	 11.01
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Fig. 2. Trends in production of cotton crop based on 
nonparametric regression  with the jump points

Fig. 3. Trends in productivity of cotton crop based on 
nonparametric regression

Fig. 1. Trends in area of cotton crop based on 
nonparametric regression with the jump points 

selected as the best fitted trend function for the area, 
production and productivity. The trend function 
indicates that there was an increasing trend upto 
1965-66 and then the trend started to decline upto 
1988-89 in area and production. It was found that 
there was a sudden shift in the trend and growth rate 

in the year 1989-80 for area (Fig.1) and production 
(Fig.2). The fitted trend for productivity is depicted 
in the Fig.3.
Discussion in area, production and productivity
	 Balanagammal et.al., (2000) had reported 
ARIMA(1,0,0) model for area and productivity 
trend , ARIMA(0,0,0) model for production 
trend of cotton crop grown in Tamil Nadu. In 
the present study none of the family of ARIMA 
time-series models were found suitable due to 
nonsignificant auto-regressive co-efficients and 
lack of assumptions of normality of residuals.   
Nonparametric regression model was selected as 
the best fitted trend function for the area, production 
and productivity of cotton crop.
Growth rates in area, production and 
productivity
	 Relative growth rates of area, production 
and productivity of cotton crop were estimated for 
the successive years starting from 1949-50 to 2007-
08 based on the best fitted growth function, the 
nonparametric regression model.  Also the relative 
growth rate  for each year for area, production and 
productivity were computed year-wise, for every 
fifth plan periods commencing from 1951-52 to 
1955-56 and the average of five years period of 
each plan had been computed and given in Table 
5.
The per cent growth rate values obtained for the 
successive years during 1949-50 to 2007-08 for the 
area, production and productivity when averaged 
showed that the production had increased at a rate 
of 2.58 % which was due to combined effect of 
increase in area and productivity at a rate of 0.66 
and 1.15 % per annum respectively (Table 5). 

CONCLUSION

	 Nonparametric regression with jump-
point emerged as the best fitted trend for the area, 
production of cotton crop. Significant jump-points 
were observed both in area and in production. It 
was found that a sudden shift in the trend and 
growth rate in the year 1989-90 for the area as well 
as in production of the cotton crop. These kind of 
changes can not be observed in the case of growth 
rate estimated using the traditional parametric 
approach. In case of productivity nonparametric 
regression without jump-point was selected as 
best fitted trend function. The per cent growth rate 
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values obtained for the successive years during 
1949-50 to 2007-08 for the area, production and 
productivity of cotton when averaged showed that 
2.58 % increase in production which was due to 
combined effect of increase in area and productivity 
at a rate of 0.66 and 1.15 % per annum respectively.
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