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In the present paper, Autoregressive Integrated Moving Average (ARIMA) models developed to forecast
the prices of potato using time series data of eighteen years from 2002-2019. The best models selected
by comparing Akaike Information Criteria (AIC), Bayesian Information Criteria (BIC), Mean Absolute
Percent Error (MAPE), and Root Mean Square Error (RMSE). The study revealed that ARIMA (1,1,2),
ARIMA (2,1,1)(0,0,2),,,, ARIMA (2,1,2), ARIMA (1,1,4)(0,0,1) ,,, ARIMA (1,1,1)(0,1,2),,,, ARIMA (0,1,0)
(0,1,1),,,, and ARIMA (3,1,3) were the best fitted models for forecasting of price of potato for the states of
Utter Pradesh, West Bengal, Madhya Pradesh, Gujarat, Punjab, Tripura and India respectively. The prices
of potato in Utter Pradesh, West Bengal and India will be increasing with the first-quarter providing the
highest price. The prices of potato in Madhya Pradesh and Tripura will be highest in the fourth quarter.
In Punjab, the prices of potato will be increasing with the third-quarter. The forecast shows that market
prices of potato in Utter Pradesh, West Bengal, Madhya Pradesh, Gujarat, Punjab, Tripura, and overall
India would be ruling in the highest value of .1208 /qt, 1812 I/qt, 1345 X/qt, 1712 3/qt, 1354 I/qt, 2636 X/

qt, and 1715 X/qt respectively for the year 2020.

Highlights

® The ARIMA models forecasted in 2020 showed the prices of potato in Utter Pradesh, West Bengal,
and India will increase with the first-quarter providing the highest price.

Keywords: ARIMA, SARIMA, MAPE, Forecasting, Time Series, etc.

Potato (Solanum tuberosum) is one of the important
crops of the world. In terms of food consumption, it
is the third most focal food crop in the world next to
wheat and rice. In India, the potato is not primarily
a staple but a cash crop that provides substantial
income for farmers. In India, out of total 5.34 million,
ha of land under vegetables, potato occupies nearly
20.79 percent area. It is the world’s number one non-
grain food commodity, consumed by more than one
billion people worldwide. Therefore, it is a highly
recommended food security crop that can help low
earning farmers and vulnerable consumers ride out
extreme events in world food supply and demand.
Consumer prices of essential commodities of daily
use are a susceptible issue. The consumer suffers
in case prices of consumable items are high. In

contrast, the producer suffers when prices are too
low to recover the cost of production. The price of
consumable elements determined by the demand
and supply of that particular commodity. If supply
is short of demand, then the price will increase.

Under tropical and sub-tropical conditions, the
losses due to poor handling and storage reported
to be between 40-50 percent (Mithiya, 2019). The
post-harvest losses of potatoes defined as qualitative
and quantitative losses. The qualitative losses
significantly reduce the price of potatoes. Potato
prices fluctuate over seasons due to the variations
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in production and market arrival. Price fluctuations
are a matter of concern among consumers, farmers,
and policymakers, and its accurate forecast are
crucial for efficient monitoring and planning, hence
there is a need to identify the influencing factors of
these fluctuations. Moreover, to quantify the impact
of these factors on prices to understand changes in
prices accurately.

Dhakre and Bhattacharya (2014) worked on the
price behavior of potato and their forecasting in
the Agra market using the ARIMA models. Gupta
et al. (2018) forecasting arrivals and prices of pulses
in Chhattisgarh. Darekar et al. (2016) validated
that the ARIMA model forecasted onion prices in
Kolhapur and Yeola markets. Ozer and Ilkdogan
(2013) examined cotton prices in the world by
ARIMA model, by using 102 per month, which
covered the period January 2004 and June 2012 of
the world price of cotton. Keeping in view the above
situation Autoregressive Integrated Moving Average
(ARIMA) models were developed to forecast the
prices of potato for the states of Utter Pradesh, West
Bengal, Madhya Pradesh, Gujarat, Punjab, Tripura,
and India respectively. The aim is also to forecast
future prices of potatoes by taking into account past
trends and fluctuations in the prices.

MATERIALS AND METHODS

This study focuses on estimating the future price
of potato in major producing states in India.
To achieve this, we applied time series on the
potato price data recorded throughout January
2002 to December 2019, which obtained from the
AGMARKNET website as per the availability. The
monthly wholesale price data of January 2002 to
December 2018 was used for model predictions and
from January 2019 to December 2019 was used for
validation. By using R software, the data analyzed to
fit the best model using an autoregressive integrated
moving average (ARIMA) model. The selected best
models were used to forecast the prices of potato
in Utter Pradesh, West Bengal, Madhya Pradesh,
Punjab, Gujarat, Tripura, and India up to December
2020.

Analytical Method

ARIMA is one of the most traditional methods of
nonstationary time series analysis. In contrast to the
regression models, the ARIMA model allows time
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series to be explained by its past or lagged values
and stochastic error terms. The models developed
by this approach usually called ARIMA models
because they use a combination of autoregressive
(AR), integration (I)-referring to the reverse process
of differencing to produce the forecast and moving
average (MA). The ARIMA (p, d, q) model can be
represented by the following general forecasting
equation:

P q
YV=u+) ' @Y, +Zj:19jeﬁj te

Where, Y, is pricing, u is the mean of series, the ¢,,
qbp are the parameters of the AR model, the 0,
... 0, are the parameters of the MA model and the
€y € ynees €, ATE the noise error terms. Where “p”
stands for the order of the autoregressive process,’d’
is the order of the data stationary, and ‘q" is the
order of the moving average process. Seasonal
ARIMA model is to be denoted by ARIMA (p, d, q)
(P, D, Q), where P denotes the number of seasonal
autoregressive components, Q denotes the number
of seasonal moving average terms and D denotes the
number of seasonal differences required to induce
stationarity discussed Box et al. (1994). The steps,
which were followed to define an ARIMA model
as stated by Box and Jenkins:

(a) Identifying the presence of trends

The stationary check of time series data was
performed, which revealed that the potato prices
were non-stationary. We will have to test the
differenced time series for stationarity (unit root
problem) by the Augmented Dickey-Fuller test
(ADF). The nonstationary time series data were
made stationary by first-order differencing. After
that, best fit ARIMA models were developed using
the data from January 2002 to December 2018 and
used to forecast the prices of potato for the year
2020. Candidate ARIMA models, were identified
by finding the initial values for the orders of non-
seasonal parameters p and g. They were obtained
by looking for significant spikes in autocorrelation
and partial autocorrelation functions.

(b) Identifying the best-fit model to explain the
data

The best-fitted model was selected based on the low
value of Akaike Information Criteria (AIC), Bayesian
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Information Criteria (BIC), Mean Absolute Percent
Error (MAPE), and Root Mean Square Error (RMSE).

(c) Model validation

The fitted ARIMA model to be validate before using
the forecasted results for broader use. The model
was verified for accuracy by examining the residuals
of the model using the autocorrelation function
(ACF) and partial ACF (PACF). If the model shows
random residuals, it indicates that the identified
model is adequately predicts future prices and vice
versa. The ACF and PACF residuals considered
random, when all their ACFs were within limits.
After satisfying the adequacy of the fitted model, it
can be use for forecasting future prices.

RESULTS AND DISCUSSION

Model identification

Identification of the model was concerned with
deciding the appropriate values (p, d, q) (P, D, Q).

b
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To check the stationarity of price series of potato,
the Augmented Dickey-Fuller unit root tests used.
The test confirmed that the data was non-stationary
for without difference. In this case, differencing of
lag 1 gave a significant result, so with differencing
of lag 1(d =1) is stationary in respect to mean
and variance. Thus, there is no need for further
differencing the time series, and then the adopted
difference order is d = 1 for the ARIMA (p, d, q).
This test allows going further in the steps for the
ARIMA model development, which are to find out
the appropriate values of (p, d, q) (B, D, Q). It was
done by observing the Auto Correlation Function
(ACF) and the Partial Auto Correlation Function
(PACF) values. The Auto Correlation Function helps
in choosing the appropriate values for the ordering
of moving average terms (MA) and the Partial Auto-
Correlation Function for those autoregressive terms
(AR). The autocorrelation function and the partial
autocorrelation function for Utter Pradesh, West
Bengal, Madhya Pradesh, Punjab, Gujarat, Tripura,
and India were obtained and presented in Fig. 1- 7.
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Fig. 1: ACF and PACF graph of U.P.
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Fig. 3: ACF and PACF graph of M.P.
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Fig. 6 ACF and PACF graph of Tripura
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Fig. 7: ACF and PACF graph of India
Table 1: Residual analysis of monthly prices of potato
SI.
State ARIMA Model RMSE AIC BIC mapp  OutSample
No. MAPE
1 Utter Pradesh 1,1,2) 158.851 2644.07 2657.32 16.739 8.580
2 West Bengal (2,1,1) (0,0,2)[12] 124.842 2548.47 2568.35 13.750 21.004
3 Madhya Pradesh (2,1,2) 119.775 2531.14 2547.70 14.464 10.117
4 Gujarat (1,1,4) (0,0,1)[12] 126.283 2557.59 2580.78 12.749 15.513
5 Punjab (1,1,1) (0,1,2)[12] 121.233 2413.83 2430.10 17.598 18.163
6 Tripura (0,1,0) (0,1,1)[12] 212.603 2618.32 2624.82 11.273 18.281
7 India (3,1,3) 134.592 2582.67 2605.86 9.533 8.347

Identifying the best-fit model to explain the
data

After the identification of the appropriate values of
(p, d, ) (B D, Q), the best-fitted models were selected
based on the lowest values of RMSE, MAPE, AIC,
and BIC. The model ARIMA (1,1,2), ARIMA (2,1,1)
(0,0,2),,, ARIMA (2,1,2), ARIMA (1,1,4)(0,0,1),,,,
ARIMA (1,1,1)(0,1,2) ,,, ARIMA (0,1,0)(0,1,1) and

121 [2y

ARIMA (3,1,3) were identified the best fitted models
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for Utter Pradesh, West Bengal, Madhya Pradesh,
Gujarat, Punjab, Tripura, and India respectively.
The results of these coefficients given in Table 1.
A careful examination of ACF and PACF up to 24
lags of West Bengal, Gujarat, Punjab, and Tripura
revealed the presence of seasonality.

Model validation

The model validation checked using ACF and PACF
plots and distribution of residuals by the Ljung—Box
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test plot, a statistical test that assesses whether
any of a group of autocorrelations of a time series
are different from zero which will influence the
accuracy of the model. The potato price residual
plots evaluate autocorrelations of the selected
model. It was determined that most spikes fall
within significance limits, which indicates that the
model residuals (errors) are not autocorrelated. The
fitted model is valid and can be used for making
a forecast, and the residuals are normally and
independently distributed. The result of Box Ljung
Q statistics represented in Fig. 8-14. Out of sample
MAPE, values were also present in the permissible

range sown in Table 1.
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Fig. 8: Residuals analysis of model ARIMA (1, 1, 2)
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Fig. 9: Residuals analysis of model ARIMA (2,1,1) (0,0,2),,,,
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Fig. 10: Residuals analysis of model ARIMA (2,1,2)
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Fig. 11: Residuals analysis of model ARIMA (1,1,4)(0,0,1)
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Fig. 12: Residuals analysis of model ARIMA (1,1,1)(0,1,2), .,
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Fig. 13: Residuals analysis of model ARIMA (0,1,0)(0,1,1),,,
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Fig. 14: Residuals analysis of model ARIMA (3, 1, 3) Forecasting

The forecasted results of the prices of potato shown
in Table 2. The forecasted prices of potato in the
selected states were showed a random trend in the
coming months. The forecast shows that market
prices of potato in Utter Pradesh, West Bengal,
Madhya Pradesh, Gujarat, Punjab, Tripura, and
overall India would be ruling in the highest value
of ¥ 1208 /qt, ¥ 1812 /qt, I 1345 /qt, I 1712 /qt,
% 1354 /qt, X 2636 /qt, and X 1715 /qt respectively for
the year 2020. The price of potato fluctuated widely
over the months. The prices of potato in Utter
Pradesh, West Bengal, Gujarat, and India would be
high in the period from January to May and then
after more or less constant. The prices of potato in
Madhya Pradesh and Tripura showed an increasing
trend and pick from September to November. In
Punjab, the forecasted prices of potato fluctuated
widely over the months. We can also see the prices
of potato in India would be high as compare to
selected states except for Tripura.

2 Forecasts from ARIMA(3,1,3)
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Fig. 15: Forecasting prices of potato in India
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Table 2: Forecasts prices of potato of selected states in India

Forecasted Prices of potato

Yr. Month Utter Pradesh West Bengal Madhya Pradesh Gujarat Punjab  Tripura India
2020 Jan 1207.55 1811.58 1167.99 1712.15 980.38 2281.25 1715.88
2020 Feb 1119.34 1717.10 1190.33 1561.47 972.99 1977.99 1651.88
2020 Mar 1052.30 1610.16 1196.28 1420.09 101591  2007.92 1559.03
2020 April 1001.35 1448.98 1201.25 1310.59 1164.39  2174.86 1466.65
2020 May 962.62 1367.22 1212.35 1247.76 1184.80  2345.45 1395.36
2020 June 933.19 1261.23 1203.22 1188.22 1238.22  2507.66 1348.74
2020 July 910.83 1175.18 1211.94 1148.01 1349.14  2543.53 1325.43
2020 Aug 893.83 1121.52 1212.11 1142.95 1354.40  2566.26 1318.86
2020 Sept 880.91 1093.63 1228.25 1143.31 1299.07  2579.65 1322.76
2020 Oct 871.09 1105.16 1249.46 1210.20 1330.17  2636.76 1331.27
2020 Nov 863.63 1125.75 1299.23 1272.82 129410  2623.57 1340.57
2020 Dec 857.96 1070.84 1344.81 1301.20 1116.03  2480.98 1348.33
CONCLUSION Box, G.E.P,, Jenkin, G.M. and Reinse, G.C. 1994. The time-

In the study, ARIMA (1,1,2), ARIMA (2,1,1)
(0,0,2),,, ARIMA (2,1,2), ARIMA (1,1,4)(0,0,1),,,,
ARIMA (1,1,1)(0,1,2) ,,, ARIMA (0,1,0)(0,1,1),,,,
and ARIMA (3,1,3) models were developed for
forecasting price of potato for the states of Utter
Pradesh, West Bengal, Madhya Pradesh, Gujarat,
Punjab, Tripura, and India respectively. The
models showed a good performance in the case of
explaining variability in the data series and also, it’s
predicting ability. Darekar et al. (2015) to forecast
the prices and arrivals of agricultural commodities
and drawn conclusions used a similar model. The
models forecasted that in 2020, the prices of potato
in Utter Pradesh, West Bengal, and India would
increase with the first-quarter providing the highest
price. The prices of potato in Madhya Pradesh and
Tripura will be highest in the fourth quarter. In
Punjab, the prices of potato will increase with the
third-quarter. Therefore, farmers can use forecast
price information to hedge their positions by storing
potato in cold storage, selling them in other markets
where prices are higher. We also recommended that
the Government would use it and come up with
price control policies that will guarantee farmers
a stable price.
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