


Exploring Hybrid ARIMA-SVR Approach for Forecast of Gross Cropped Area of Kerala in India
ABSTRACT
The present study aimed at fitting forecasting models to Gross Cropped Area of Kerala State in India using data from 1965-66 to 2022-23. It focused on sole models such as Auto Regressive Integrated Moving Average (ARIMA) and Support Vector Regression (SVR). A hybrid model using combination between Support Vector and time series analysis was also done. The study showed that the most appropriate model based on its Root Mean Squared Error (RMSE) and Mean Absolute Percentage Error (MAPE) to predict the gross cropped area of the state  is the model of combination between Support Vector and ARIMA models, where it gave more accurate results rather than ARIMA and SVR each separately, that is because the combination between these models combining the flexibility of the time series and the power of Support Vectors, where one of these models compensates the shortage of the other model. Forecasts from ARIMA Model showed a decreasing trend and SVR model showed constancy while Hybrid model showed a decreasing trend in gross cropped area. The study stands itself as a reference for and risk mitigation and effective resource management for agricultural sustainability of the state.
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INTRODUCTION
[bookmark: _GoBack]The Gross Cropped Area (GCA) of a state is a pivotal variable in measuring its agricultural productivity and growth. It measures the cropping intensity of the state and is an indicator of food security. An analysis of the trend and patters of GCA over the years can help manage the resources effectively and thus helps in economic planning. It also reduces the environmental impacts caused by the change in cropping patterns and cropping systems. Several singular forecasting models were devised for accurate prediction of time series variables and they do their purpose in given contexts. But, the single model will not apply in all the contexts of study. That was how hybrid models were generated.  By overcoming the limitations of single models, hybrid models were found to produce results with better accuracy (Kavousi-Fard & Kavousi-Fard, 2013). These models increases stability and are flexible over domains and conditions by handling complex patters within the scenario. 
The ARIMA-SVR model has been used to forecast the service life of aircraft engines, short-term wind, drought, gold price, value at risk of crude oil, library borrowing, power load, and other things, according to recent literature research. However, there hasn't been any use of the model in cropping systems, particularly cropping intensity and gross cropped area. This study compared the forecasting accuracy of the Support Vector Regression (SVR) and Auto Regressive Integrated Moving Average (ARIMA) models using the Hybrid ARIMA-SVR model on the gross cropped area of Kerala, India. 
MATERIALS AND METHODS
Gross Cropped Area refers to the land utilized for crop cultivation once or more than once in a year. This is also known as Total Cropped Area. The yearly data on Gross Cropped Area in lakh hectares from 1965-66 to 2022-23 over a period of 58 years for the entire Kerala State were collected from Economic Review published by The Kerala State Planning Board (https://spb.kerala.gov.in).


BDS Test for linearity
The BDS test (after the initials of W. A. Brock, W. Dechert and J. Scheinkman) detects nonlinear serial dependence in time series. It tests the null hypothesis that the remaining residuals are independent and identically distributed (i.i.d.). Rejection of the i.i.d. hypothesis implies that there is remaining structure in the time series, which could include a hidden nonlinearity, hidden non-stationarity or other type of structure missed by detrending or model fitting. BDS Test Statistic is given as follows:

Where  is the standard deviation of  and can be estimated consistently. Under fairly moderate regulatory conditions, BDS Statistic converges in distribution to N(0, 1). So, the null hypothesis of i.i.d. is rejected at the 5% significance level whenever 
Auto Regressive Integrated Moving Average (ARIMA) Model
The ARIMA models, created by Box and Jenkins, are the most popular and effective statistical models for time series forecasting. These are based on the basic premise that the future values of a time series are generated by a linear function of its white noise terms and past data. A non-seasonal ARIMA model is classified as an "ARIMA(p,d,q)" model, where ‘p’ is the number of autoregressive terms, ‘d’ is the number of non-seasonal differences needed for stationarity, and ‘q’ is the number of lagged forecast errors in the prediction equation. First, let y denote the dth difference of Y, In terms of y, the general forecasting equation is:

Here the moving average parameters (θ’s) are defined so that their signs are negative in the equation, following the convention introduced by Box and Jenkins.
Support Vector Regression (SVR) Model
Support Vector Regression (SVR) is a machine learning algorithm derived from Support Vector Machines (SVM) that performs regression tasks by finding a hyperplane that best fits the data within a specified margin of tolerance, known as ϵ. Unlike traditional regression models that aim to minimize the prediction error for all data points, SVR seeks to balance complexity and accuracy by only considering errors outside the ϵ margin. The optimization process involves minimizing a cost function that includes a penalty term controlled by the parameter CC, which governs the trade-off between a larger margin and smaller errors. The regression of any non-linear function or curve can be handled by applying kernel in the (SVR) algorithm, where the non-linear data is set in a space that makes the data linear. Suppose that the data set: 

where, D is the data set,  are the numbers of input variables and are the output values associated of ’s. The mathematical equation for the non-linear (SVR) function is expressed as: 

where:  is the feature which is the non-linear mapping of inputs   is the (SVR) function, is the parameters or weights,  is the intercept term and called the bias which is a numerical value and  is the inner product of the vectors  and 
Hybrid ARIMA – SVR Model
When the data being considered has both linear and nonlinear components, neither ARIMA nor SVR are generally appropriate for all types of time series.  In these situations, models with both linear and nonlinear components are recommended.  Given a time series data, ARIMA model is directly modeled on the data. The residuals obtained from ARIMA model is considered as a nonlinear component, and this nonlinear data is modeled using SVR. 
Model Selection
Among the different fitted forecasting models, the better fitted one can be selected based on the values of criteria such as Root Mean Squared Error (RMSE) and Mean Absolute Percentage Error (MAPE). The model with minimum RMSE and MAPE may be considered for selection
RESULTS AND DISCUSSION
Average Gross Cropped Area of the state over the 58 years was found to be 28.45 lakh ha with a standard deviation of 1.72 lakh ha. The least Gross Cropped Area was reported to be 25.16 lakh ha in the year 2022-23 while the maximum was reported to be 30.67 lakh ha in the year 1995-96. The data on Gross Cropped area was found to be negatively skewed (-0.61) and platykurtic (-1.13) with a Coefficient of Variation of 6.05%. 
In case of Gross Cropped Area, average of first half (1965-1993) was estimated to be 29.08 lakh ha and that of second half (1994-2022) was estimated to be 27.82 lakh ha, which clearly showed that there is a decreasing trend over the years. Plot of the original data is given in Figure 1.
[image: ]
Fig. 1 Plot of Original Gross Cropped Area
Initially, the data were subjected to BDS test for checking non-linearity, if any. At the embedding dimensions of 2 and 3, four Epsilon values for close points were obtained. All the Standard Normal values were greater than 1.96 with p values less than 0.05 at all combinations of embedding dimensions and epsilon values. This clearly provided an evidence to reject the null hypothesis of linearity and it was found that Gross Cropped Area is non-linearly dependent. Results of BDS Test are given in Table 1.
Table 1. Results of BDS Test: Standard Normal Values
	Embedding dimensions
	Epsilon values for close points

	
	0.8603
	1.7207
	2.581
	3.4414

	2
	35.9724
	26.9220
	23.3934
	20.0813

	3
	49.7120
	31.0499
	25.2117
	19.6789


ARIMA and SVR models were fitted to the data using R Software. The models were fitted to the training data set consisting of 48 values of each time series from 1965-67 to 2012-13 and predictions were obtained for next 10 years. These estimates were used to calculate MAPE and RMSE. Subsequently, both models were fitted to original data independently and forecasts were obtained. ARIMA (0,2,2) was found to be the better fitted model among all other ARIMA Models tried. In case of SVR Models, there were 39 support vectors.  Forecasted values using ARIMA Model show that Gross Cropped Area is going to decrease in future while that from SVR Model showed a constancy in gross cropped area. 
Contradictory results using independent models suggested the approach of hybrid modeling using ARIMA – SVR Models. In order to combine the benefits of ARIMA and SVR to get better fit, an ARIMA - SVR Hybrid model was applied to each time series. ARIMA model accounted for the linear effects and SVR model accounted for the Non-linear effects. ARIMA was fitted for the time series and on the residuals of which SVR model was applied. The forecasts were obtained finally combining the advantages of both models. Forecasted values from hybrid model showed gradual decrease in gross cropped area. 
The estimates of three models along with their MAPE and RMSE Values are given in Table 2. Forecasts obtained from these three models are given in Table 3 and their plots are given in Figure 2(a) to 2(c). In case of Gross Cropped Area, ARIMA-SVR hybrid model was found to have lesser MAPE while SVR model was found to have lesser RMSE. As we focus on the forecasted values, ARIMA-SVR hybrid model was found to give better forecasts.
Table 2. Estimates of ARIMA, SVR and ARIMA-SVR Models
	Sl. No.
	Model
	Estimates
	MAPE
	RMSE

	1.
	ARIMA
	MA1 = -0.4780
MA2 = -0.2963
	3.4223
	4.1635

	2.
	SVR
	No of support vectors = 39
Cost = 1
γ = 0.333
ε = 0.1
	1.0649
	0.3978

	3.
	ARIMA – SVR
	MA1 = -0.4780
MA2 = -0.2963
No of support vectors = 16
Cost = 1
γ = 0.5
ε = 0.1
	0.0319
	0.9849



Table 3. Forecasted Values using ARIMA, SVR and ARIMA-SVR Models
	Year
	Models

	
	ARIMA
	ANN
	ARIMA-SVR

	2023-24
	25.0713
	26.000
	24.8241

	2024-25
	24.9247
	26.000
	24.6776

	2025-26
	24.7782
	26.000
	24.5311

	2026-27
	24.6317
	26.000
	24.3846

	2027-28
	24.4852
	26.000
	24.2380

	2028-29
	24.3386
	26.000
	24.0915

	2029-30
	24.1921
	26.000
	23.9450

	2030-31
	24.0456
	26.000
	23.7985

	2031-32
	23.8991
	26.000
	23.6519

	2032-33
	23.7526
	26.000
	23.5054


[image: ]   
(a) ARIMA                                                              (b) SVR


(c) ARIMA – SVR 
Fig. 2 Plots of forecasted values using ARIMA, SVR and ARIMA-SVR Model
CONCLUSION
As evident from the literatures, Hybrid ARIMA – SVR Model performed better than Single models such as ARIMA and SVR in Forecasting Gross Cropped Area of the State it was predicted to be decreasing in the future. The results obtained from this study can be utilized for agricultural planning and policy making for the Kerala State. This study can be reference for measures to ensure food security, resource and infrastructure management and also for risk management and disaster preparedness. As forecasted, if the GCA of the state is decreasing over the years, strict and comprehensive monitoring of the agricultural sustainability of the state should be ensured through various action plans along with economic and market predictions. The present study was limited to two single models and their combined hybrid models. The study leaves an opportunity for other advanced time series models and their hybrid models to get better accuracy and precision. The study also has a scope to extend the same to other related variables. 
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