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ABSTRACT
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Introduction Pradesh is the top producer followed by Maharashtra and

Sugarcane is a giant grass full of sugar originated on the
island of Papua New Guinea and followed the
movements of people within the Pacific Ocean region,
reaching Oceania, Southern Asia, Southern China and the
Indus Valley in India, then it was in India that the history
of sugar began. It belongs to the Graminaceae family and
to the botanical genus Saccharum, which comprises three
sugar-bearing species are S. officinarum, known as
“Noble Cane”, S. sinense, and S. barberi and three non-
sugar-bearing species are S. robustum, S. spontaneum
and S. edule. In the 1880s, agronomists began creating
hybrids between noble cane and the other species.

The modern varieties are all derived from those crosses.
India is the second largest sugar producer in the world,
the first one being Brazil. Among Indian states, Uttar
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Karnataka standing on second and third positions
respectively. In India, sugarcane is produced in both
tropical and subtropical regions.

Sankar et al, (2012) forecasted average weekly
temperature of Tricomalee station in Sri Lanka, the
ARIMA model is highly recommended. ARIMA (1,1,1)
is identified as the best fitting time series model for
temperature forecasting, and found to be highly effective
by producing better results due to Root Mean Square
Error and Mean Absolute Error. Diagnostic tests was
performed for the verification of developed model.

Hossain et al., (2016) focused on fitting an ideal model to
predict potato production in Bangladesh between 1971
and 2013 using current model selection criteria such as
AIC, BIC, etc. Box-Jenkins ARIMA (0,2,1) is a
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particularly suitable model for evaluating the potato
market in the entire Bangladesh. In addition, the
histogram with normal curve probably indicates that the
residuals of the fitted ARIMA(0,2,1) model are normally
distributed, indicating that the predicted model is a more
adequate fit for predicting potato production in
Bangladesh.

Gopinath et al., (2021) made the future pattern for the
commercial crop groundnut from 2019 to 2040 by using
ARIMA (1, 1, 15) model by involving observation in
between 1951-2018 in India and concluded that there will
be gradual increase in yield of commercial crops by
taking the necessary steps.

Umar et al., (2021) identified the best prediction model
of millet yield in Andhra Pradesh using ARIMA. 56
years of time series data have been used as input for
prediction. The ARIMA (1, 1, 1) model was selected as
the best fitted model for sugarcane yield up to 2024 and
observed that there was a growing production.

Materials and Methods
Source

Directorate of Economics and Statistics, Ministry of
Agriculture and Farmers Welfare

Of the time series data on production of sugarcane for a
period of 20 years (2001-2020) was used for the model.
The time series model were applied on the data. In this
study, Box and Jenkin’s Methodology ARIMA model
and systematically computed Auto ARIMA was used and
finally observed the best appropriate fitting model.

For this study, detection of outlier and residuals analysis
were used for the process of building time series models.
The statistical software R programming language is used
for modelling and forecasting sugarcane production of
India.

Auto Correlation Function (ACF) and Partial
Auto Correlation Function (PACF)

To check the stationarity of the raw data, the ACF and
PACF were highly recommended. The autocorrelation
function (ACF) and partial autocorrelation function
(PACF) is a statistical technique that can use to identify
how correlated the values in a time series are with each
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other. The ACF and PACF plots the correlation
coefficient against the lag, which is measured in terms of
a number of periods or units.

Augumented-Dickey Fulleer (ADF) Test

The wunit root test is carried out by using the
Augumented-Dickey Fuller test. The hypothesis of ADF
test was time series is stationary and alternative
hypothesis is non stationary.

Where

time ¢, B is the coefficient to be estimated; k is number of
(i

findicates the yearly sugarcane production at

lagged terms, 2 is the estimated coefficient of the trend,

@y is the constant and € is the error term.
Box-Jenkins Methodology

In an Auto Regressive Integrated Moving Average
(ARIMA) the future value of a time series assumed to be
a linearly and past observations are random errors. The
time series has the form,

Y:Zel}’,_l + 6, Y:_:+---+9pyt_p = Olfr-'. = @:Er-:"'ﬁoqir-q T £

¥,

t is the time series, P is number of autoregressive

parameters, 9 is number of moving averages. The Box-
Jenkins (1976) methodologies were applied forecasting
model. For this study, sugarcane production be a discrete
time series variables which takes different variables over
a period of time.

Box-Ljung Test

The Box-Ljung test (1978) is a diagnostic tool used to
testing the lack of goodness of fit of a time series model.
It is applied to the residuals of a time series after fitting
an ARMA(p,q) model to the data.

The test examines autocorrelations of the residuals. In
this case, the significance value of the test is less than
0.05, suggesting that the assumptions are not met and the
model results are therefore suspect. Box's M is robust to
large datasets, which implies that it can spot small
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departures from homogeneity when there are large
numbers of cases.

Results and Discussion

The first and foremost step is plotting the Raw Data from
the year 2001 to 2020given in the figure 1

For the study, Autocorrelation function and Partial
autocorrelation functions was used for checking the time
series data for stationarity is shown in figure 2.

The study here employs the unit root test (ADF test) to
examine the time series data is stationary or not.

From the results, the p value is higher than the 0.05,
hence it is inferred that the data is non-stationary. To
achieve the non-stationary time series data, differencing
process can be attempted in this stage. The time series
data after first differencing is shown in figure 3.

After first differencing, ACF, PACF, ADF tests were
employed to test the stationarity.

For a second time, the Autocorrelation and Partial
autocorrelation functions was used for checking the first
differenced time series data for stationarity is shown in
figure 4.

The ACF and PACEF plots of first differenced time series
data are shown and it is concluded that the data is Non-

Stationary. The diagnosis test is shown in the below table
2.

After first differencing, yet again the predicted p-value in
greater than 0.05 and it represents the present form of
India sugarcane data is non-stationary, hence the second
differencing is needed to achieve the stationarity and is
shown in figure 5.

Again, the Autocorrelation function and Partial
autocorrelation functions was used for checking the
second differenced time series data for stationarity is
shown in figure 6.

The diagnosis test is for the second differenced time
series data shown in the below table 3.

After second differencing the p-value is significantly
reduced to 0.03 from 0.10 which means the present form
of time series data is stationary and equipped for
forecasting.
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ARIMA Model Identification

The model can be identified through ACF and PACF
plots of second differenced India’s sugarcane production
data as shown in figure 6. It gives the idea to find out the
Autoregressive AR (p) and Moving Average (g) parts of
the model for ARIMA forecasting.

It is considered that the autoregressive part and moving
average part may be 1 and 1 that will implement in the
further forecasting process. It is already known that to
attain the stationarity, the data have been transformed by
second differencing method so, the integrated part of the
model would be 2. Finally, it is identified that the p, d, ¢
value of the ARIMA model is 1, 2, 1 and it is suitable for
forecasting the future trend.

The predicted ARIMA is shown in below table 4.

The ARIMA (1,2,1) results such as, AIC, MAPE, RMSE
and MAE values are given in the above table.

There is a high density value bar near the value zero and
from this result it is confirmed that the predicted ARIMA
model is suitable for forecasting. The Residual
Histogram Plot for the second differenced data for the
predicted ARIMA (1,2,1) model is existing in Figure 7.

It can be accurately quantify the future forecasted values
for the next 10 years Table 5.

Box Test for Validation

The box test is the final validation for the predicted
model. The value of p is gradually decreased by
increasing the lag order. This confirms our predicted
model a good fit for forecasting is shown in Table 6.

In our study, the developed model for production of
sugarcane was found to be ARIMA (1,2,1). From the
forecast available using the developed model, it can be
seen that forecasted production of sugarcane keeps
decreasing in the upcoming years.

The model can be helpful for researchers for predicting
production of sugarcane in India. The government
sectors, farmers should concentrate in taking proper steps
to avoid lack of production and get benefited by the
study. However, it should be updated from time to time
with incorporation of current data.
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Table.1 Diagnosis test of the model

Diagnosis Test Value p-value
Augumented-Dickey Fuller test (Non-Stationary) -2.5592 0.3594 (p<0.05)

Table.2 Diagnosis test of the model after first differencing

Diagnosis Test Value p-value
Augumented-Dickey Fuller test (Non-Stationary) -3.2142 0.1098 (p<0.05)

Table.3 Diagnosis test of the model after second differencing

Diagnosis Test Value p-value
Augumented-Dickey Fuller test (Stationary) -3.8057 0.03531(p<0.05)

Table.4 Predicted Arima (1,2,1)

Model AIC MAPE RMSE MAE
ARIMA (1,2,1) 320.4 9.336456 37575.81 28636.92

Table.5 The Forecasted India’s sugarcane production for upcoming 10 years.

Years Point Forecast Low 80% High 80 % Low 95 % High 95 %
2021 237102.24 -413475.23 887679.7 -757870.14 1232074.6
2022 219691.66 -591659.77 1031043.1 -1021163.28 1460546.6
2023 202278.08 -781230.77 1185786.9 -1301868.91 1706425.1
2024 184865.88 -981415.91 1351147.7 -1598808.20 1968540.0
2025 167453.04 -1191664.58 1526570.7 -1911137.98 2246044.1
2026 150040.50 -1411465.88 1711546.9 -2238077.42 2538158.4
2027 132627.82 -1640395.83 1905651.5 -2578977.86 2844233.5
2028 115215.20 -1878074.87 2108505.3 -2933258.90 3163689.3
2029 97802.56 -2124170.30 2319775.4 -3300411.68 3496016.8
2030 80389.92 -2378383.19 2539163.0 -3679979.06 3840758.9
2031 62977.29 -2640444.98 2766399.6 -4071550.29 4197504.9

Table.6 The Box Test for the forecasted ARIMA(1,2,1) model
6 7 10
X-squared 11.668 11.744 11.862 12.155 12.675
3 4 4
p - value 0.008611 0.01936 0.01841 0.01623 0.01298
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Figure.1 The time series were obtained from www.indiastat.com website.
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Figure.2 Raw data plot of time series data
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From the above plots, it is concluded that the data is Non-Stationary.
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Figure.4 First-differenced time series of India’s sugarcane production from 2001 to 2020
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Figure.7 ACF and PACF of second differenced time series data
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