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ABSTRACT

Objectives: The main purpose of this paper is to identify the auto-regressive integrated moving average (ARIMA)model that could be used to forecast 
the production of onion in Bangladesh.

Methods: This paper considers a secondary data set of yearly onion production in Bangladesh over the period 1971-2013. The Box-Jenkins ARIMA 
model is employed to forecast the Onion productions in Bangladesh.

Results: The most suitable Box-Jenkins ARIMA model for forecasting the onion productions in Bangladesh is ARIMA (0, 2, 1). From the comparison 
between the original series and forecasted series, it is concluded that the selected models forecast well during and beyond the estimation period to 
a satisfactory level.

Conclusion: This paper suggests the time series model to forecast the onion production in Bangladesh which will be used for policy purposes as far 
as forecasts the onion production in Bangladesh.
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INTRODUCTION

Onion (Allium cepa L.) belongs to the family Alliaceae and it is one of the 
most important spices in Bangladesh [1]. Onion has rank top in respect 
of production and second in terms of cultivated area among the spices 
crops grown in Bangladesh [2]. Cultivated onions are supposed to have 
originated from wild relatives that grow in the mountainous region 
of central Asia [3]. In Bangladesh, it is cultivated all over the country 
but extensively cultivated in the Faridpur, Dhaka, Rajshahi, Comilla, 
Jessore, Dinajpur, Mymensingh, Rangpur, and Pabna. In Bangladesh, 
onion has been an integral part of the people’s daily diet and its use 
is very common in almost all food preparations [4]. Onion is mainly 
used as spices in Bangladesh. The main edible portion of onion is the 
bulb which is constituted by the fleshy sheath and stem plate. Onion 
bulb is rich with phosphorus, calcium, carbohydrates, etc. It also 
contains protein and vitamin C. The most important character of onion 
is its flavor which increases the taste of food. Onion is widely used to 
increase taste of different type of food and varies such as gravies, soups, 
stew stuffing, fried fish, and meat [1]. The green leaves and lowering 
stalks are also edible. It is an indispensable part of the Bangladeshi diet 
and is commonly used both by rich and poor, but domestic production 
does not achieve even 15% of the annual requirement [4].

In Bangladesh, the yield of onion seed varies from 370 to 500  kg/ha 
which is very low as compared to the yield of 1,000-1,200 kg/ha in other 
countries of the world [3]. Low productivity of onion in Bangladesh 
could be attributed to limited availability of quality seed and lack 
of appropriate hybrids [1,5]. The yield of onion seed was reasonably 
affected by the irrigation regimes. Three irrigations each at vegetative, 
flowering, and seed formation stage may be the optimum and feasible 
irrigation scheduling for onion seed production under irrigation water 
shortage situation [6]. There is an acute shortage of onion in relation 
to its requirement. This necessitates an improvement of per hectare 
yield, which is possible through adoption of high yielding varieties 
and judicious application of fertilizer. Concerning fertilizer application, 
nitrogen and sulfur are important since these two elements are highly 
deficient in this country’s soils. Onion responded to N and S positively 

in terms of yield and quality of bulbs [7,8]. Several works have been 
done on the different issues relating to onion in Bangladesh [9-20].

Although production of onion is increasing day by day, but in a land 
hungry country like Bangladesh, it may not be possible to meet 
the domestic demand due to increase in population. There is an 
acute shortage of onion in relation to its requirement. Every year, 
Bangladesh has to import a big amount of onion from neighboring 
and other countries to meet up its demand. One of the main aims of 
the millennium development goals of Bangladesh by the year 2015 is 
to eradicate hunger, chronic food insecurity, and extreme destitution. 
To meet the demand of domestic consumption of onion, it is too much 
essential to estimate the production of onion in Bangladesh which 
leads us to do this research. The main purpose of this research is 
to identify the autoregressive integrated moving average (ARIMA) 
model that could be used to forecast the production of onion in 
Bangladesh.

METHODS

Data source
This study considered the published secondary data of yearly onion 
production in Bangladesh which was collected over the period 
1971-2013 from website of the Food and Agricultural Organization.

ARIMA model
Suppose that {ζt} is a white noise with mean zero variance σ2, then 
{Yt} is defined by Yt=ζt+β1ζt−1+β2ζt−2+…+ βqζt−q is called a moving average 
process of order q and is denoted by MA(q). If the process {Yt} is given 
by Yt=α1Yt−1+α2Yt−2+ ... +αpYt−p+ζt then it is said to be an auto-regressive 
process of order p and is denoted by AR(p). Models that are combination 
of AR and MA models are known as ARMA models. An ARMA (p, q)
model is defined as

Yt=α1Yt-1+α2Yt-2+…+αpYt-p+ζt+β1ζt−1+β2ζt−2+…+βqζt−q, where, Yt is the 
original series, for every t, we assume that ζt is independent of 
Yt-1, Yt-2.,Yt-p... A time series {Yt} is said to follow an ARIMA model if the 
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dth difference ∇= d
t tW Y  is a stationary ARMA process. If {Wt} follows 

an ARMA (p, q)  model, we say that {Yt} is an ARIMA (p, d, q) process.

Box-Jenkins method
The influential work of Box-Jenkins [21]shifted professional attention 
away from the stationary serially correlated deviations from 
deterministic trend paradigm toward the ARIMA (p, d, q) paradigm. 
It is popular because it can handle any series, stationary or not with 
or without seasonal elements. The basic steps in the Box-Jenkins 
methodology are given below.

Preliminary analysis
Create conditions such that the data at hand can be considered as the 
realization of a stationary stochastic process.

Identification of a tentative model
Specify the orders p, d, q of the ARIMA model so that it is clear the 
number of parameters to estimate. Empirical autocorrelation functions 
(ACF) play an extremely important role to recognize the model.

Estimation of the model
The next step is the estimation of the tentative ARIMA model identified 
in Step-2. By maximum likelihood method, we estimate the parameters 
of the model.

Diagnostic checking
Check if the model is a good one using tests on the parameters and 
residuals of the model.

Forecasting
If the model passes the diagnostics step, then it can be used to interpret 
a phenomenon, forecast.

Evaluation of forecast error
There are many summary statistics available in the literature for 
evaluating the forecast errors of any model, time series, or econometric. 
Here, an attempt is made to identify the best models for onion production 
in Bangladesh using the following contemporary model selection 
criteria, such as root mean square percentage error (RMSPE), mean 
percent forecast error (MPFE), and theil inequality coefficient (TIC).

RMSPE
RMSPE is defined as,
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MPFE
MPFE is defined as,
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TIC
TIC is defined as [22],
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Where f
tY  is the forecast value in time t and a

tY  is the actual value in time t.

RESULTS AND DISCUSSION

In general, Augmented-Dickey-Fuller (ADF), Phillips-Perron (PP), 
and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) unit root tests are 
used to check whether the data series is stationary or not. This paper 
also considers these tests. After the second differencing, the ADF 
test with Pr (|τ|≥−7.4804) <0.01 and PP test with Pr (|τ|≥−32.8901) 
<0.01 and also the KPSS unit root test with Pr (|τ|≥0.0274) >0.1 at 5% 
level of significance declared that the onion production data series 
is stationary and suggest that there is no unit root. The graphical 

Fig. 1. (a) Time series (original series) plot, (b) time series (2nd differenced) plot, (c) autocorrelation functions and, (d) PACF of 
2nd differenced onion production in Bangladesh
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representations of the original and second differenced series are 
presented in Fig. 1a and b.

The onion production data series initially shows almost equal production 
and after the period 2003; the production increasing dramatically 
which make increasing trend. One of the main causes of this change 
may be due to the revolution in agricultural sector in Bangladesh. There 
is a slightly decreasing trend between the periods 2007 and 2009 and 
again after the period 2009; there is an increasing trend that is the 
variance is not stable which leads the onion production data series is 
not stationary (Fig. 1a). However, it is clear that the second differenced 
onion production data series shows stable variance which shows the 
data becomes stationary. To stabilize the variance and to make the data 
stationary second difference is enough that is difference order is 2, and 
it is said that integrated of order 2 (Fig. 1b). The alternative positive and 
negative ACF (Fig. 1c) and PACF (Fig. 1d) indicates the onion production 
follows ARIMA process. The PACF with a significant spike at lag 1 and 
ACF with significant spike at lag 1 suggest the first-order autoregressive 
and first-order moving average are effective for onion production in 
Bangladesh.

The best fitted ARIMA model is selected on the basis of the lowest 
value of AIC, AICC, and BIC. With the help of these model, selection 
criteria ARIMA (0, 2, 1) model with AIC=1039.1, AICc=1039.41, and 
BIC=1042.52 is the best-selected model for forecasting the onion 

production in Bangladesh. The estimates of the parameters of the fitted 
ARIMA (0, 2, 1) model are shown in Table 1. In addition, the value of the 
most useful “forecasting criteria” of the fitted ARIMA (0, 2, 1) model are  
also presented in Table 1.

Several graphical test of the residuals for the fitted ARIMA (0, 2, 1) model 
are presented in Fig. 2 and suggests that there is no significant pattern in 
the residuals and hence, it may conclude that there is no autocorrelation 
among the residuals of the filled model. At 5% level of significance, from 
the Tables given by [23], we have the lower and upper values of the 
Runs and they are 16 and 28, respectively. Hence, the observed number 
of Runs is 28. Hence, the “Run” test with Pr (16≤R≤28) = 0.95 at 5% 
level of significance strongly suggest that there is no autocorrelation 
among the residuals of the fitted ARIMA (0,2,1) model. Here, “Histogram 
with Normal Curve” is used to check the normality assumption of the 
residuals of the fitted model. The Histogram with Normal Curve of the 
residuals of the fitted ARIMA (0, 2, 1) model is given in Fig. 2. Histogram 
with normal curve approximately suggests that the residuals of the 
fitted ARIMA (0, 2, 1) model are normally distributed. Therefore, it 
is clear that our fitted ARIMA (0, 2, 1) model is the best-fitted model 
and adequately used to forecast the onion production in Bangladesh. 
Using the best-fitted model ARIMA (0, 2, 1), the forecast value and 95% 
confidence level for 10 years are shown in Table 2.

The graphical comparison of the original series and the forecast series 
of onion production in Bangladesh is presented in Fig. 3. It is apparent 
that the forecast data series (blue-color) fluctuate from the original 
data series (dark-green-color) with a very small amount (Fig.  3). 
Therefore, the forecasted series is really better representation of the 
original onion production series in Bangladesh.

CONCLUSIONS

A time series model is used to identify the patterns in the past 
movement of a variable and uses that information to forecast the 
future values. This study tried to fit the best model to forecast the 
onion production in Bangladesh, with the help of the latest available 

Fig. 2: Several plots of residual plots and Histogram with normal curve

Table 1: Summary statistics and forecasting criteria of the fitted 
ARIMA (0, 2, 1) model

Coefficients Estimates SE t‑value P‑value
ma1 −0.8015 0.1297 −6.179645 0.05106673
Forecasting 
criteria

MASE RMSPE MPFE TIC

Value 0.9086191 0.1558325 0.02654063 0.08058192
MPFE: Mean percent forecast error, RMSPE: Root mean square error 
percentage, TIC: Theil inequality coefficient
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model selection criteria such as AIC, AICC, etc. The best selected 
Box-Jenkins ARIMA model for forecasting the onion productions 
in Bangladesh is ARIMA (0, 2, 1). From the comparison between 
the original series and forecasted series shows the same manner 
indicating fitted model are statistically well-behaved to forecast onion 
productions in Bangladesh, i.e.  the models forecast well during and 
beyond the estimation period which reached at a satisfactory level. 
Thus, this model can be used for policy purposes as far as forecasts 
the onion production in Bangladesh.
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