
ReseaRch aRticle

Journal of Agricultural and Marine Sciences 2021, 26(2): 64–71
DOI: 10.24200/jams.vol26iss2pp64-71
Received 30 Oct 2020
Accepted 12 April 2021

Mohammad Zakir Hossain2*( ) mzhossain@squ.edu.om, Col-
lege of Economics and Political Science, Sultan Qaboos Univer-
sity, Muscat, Oman.

Introduction

Bangladesh is an agro-based developing country 
and striving hard for rapid development of its 
economy. Agriculture is the mainstay of Bangla-

desh economy and it contributes about 16.3% of the 
gross domestic product (GDP) (BBS, 2014). Potato ranks 
fourth in the world (325.3 million tons). The potato pro-
duction (8.0 million tons) is among all the vegetables in 
respect of area coverage and production; and it contrib-
utes 55% of the total vegetable production in Bangladesh 
(BBS, 2009). It is one of the leading vegetable crops to 
fulfill the demand of carbohydrate in Bangladesh. Onion 
is one of the most important spice crops and currently it 
is cultivated in 0.128 million hectares of land and around 

1.1 million metric tons are produced with average yield 
of 8.25 tons/ha. Potato contains 62% water, 29.8% carbo-
hydrates, 6.3% protein, 0.1% mineral, 0.4% fibers and vi-
tamin C. Among the bulb spices, garlic ranks the third in 
terms of planting area (37072 hectares) and production 
(164392 metric tons) and its cultivation covered 7% of 
the total area used for spices. The average yield of garlic 
is 4.43 metric tons per hectare (BBS, 2010). Considering 
the price scenario, proper understanding of agricultural 
price mechanism and their forecasts can help the farm-
ers in many ways such as: (i) plan and decide about the 
production portfolio, (ii) develop marketing strategy to 
improve profits, (iii) traders to know the market trends 
and, (iv) Government to augment economic develop-
ments in the nation. 

The policy makers of the country needs an accurate 
early information about the status of different crops 
such as onion, garlic and potato. Therefore, accurate 
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Abstract. The aim of this paper was to explore the appropriate deterministic time series model using the latest selec-
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الملخــص:كان الهــدف مــن هــذه الورقــة هــو استكشــاف نمــوذج السلاســل الزمنيــة الحتميــة المناســبة باســتخدام أحــدث معايــر الاختيــار مــع الأخــذ في 
الاعتبــار نمــط أســعار البصــل والثــوم ومنتجــات البطاطــس في بنغلاديــش )ينايــر 2000 إلى ديســمبر 2016(. اتضــح مــن التحليــل أن بيــانات السلاســل 
الزمنيــة لأســعار البطاطــس كانــت ثابتــة ومتجانســة مــن الدرجــة الأولى بينمــا اســعار البصــل والثــوم كانــت ثابتــة الدرجــة الثانيــة. تم اســتخدام أربعــة نمــاذج 
مختلفــة للتنبــؤ وهــي نمــوذج الاتجــاه الخطــي ونمــوذج الاتجــاه التربيعــي ونمــوذج النمــو الأســي ونمــوذج الاتجــاه منحــى S للعثــور علــى أفضــل نمــوذج ملائــم 
لأســعار المنتجــات المذكــورة أعــلاه في بنغلاديــش. تم اســتخدام ثلاثــة مقاييــس دقــة مثــل متوســط النســبة المئويــة للخطــأ المطلــق )MAPE( ، والانحــراف 
المطلــق   )MAD( والانحــراف التربيعــي المتوســط )MSD( لاختيــار أفضــل نمــوذج مناســب بنــاءً علــى أدنى قيمــة لخطــأ التنبــؤ. أقــل قيــم لهــذه الأخطــاء 
تشــر إلى أفضــل نمــوذج ملائــم. بعــد اختيــار أفضــل نمــوذج نمــو وفقًــا لأحــدث معايــر اختيــار النمــوذج ، تم التنبــؤ بأســعار ســلع زراعيــة مختــارة باســتخدام 
طــرق تحليــل السلاســل الزمنيــة التاليــة: الطريقــة الأســية البســيطة ، الطريقــة الأســية المزدوجــة  في الفــترة الزمنيــة مــن ينايــر 2017 حــى ديســمبر 2021. 
نتائــج هــذه الدراســة ســتكون مفيــدة لواضعــي السياســات والباحثــين ورجــال الأعمــال وكذلــك المنتجــين مــن أجــل التنبــؤ بالأســعار المســتقبلية لهــذه الســلع.

الكلمات المفتاحية: أسعار السلع الزراعية، التنبؤ، نماذج النمو، نماذج السلاسل الزمنية، معاير اختيار النموذج، مقاييس الدقة.
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forecasting prices of agricultural products support the 
policy makers and planners to make policy decision re-
garding supply, demand and import/export of potato 
in the country. A number of work have been done by 
researchers on the forecasting prices and production of 
rice, wheat, maize, sugarcane and different types of puls-
es. However, negligible work have been reported on the 
three important food products, e.g., onion, garlic and 
potato in Bangladesh. A number of forecasting mod-
els for projecting the agricultural crops and vegetables 
have been used earlier. Hassan et al. (2013) worked on 
forecasting coarse rice in Bangladesh using determin-
istic trend models (e.g. linear, quadratic and cubic) and 
it revealed that cubic model was the best fitted model 
for projecting agricultural grain on the basis of model 
selection criteria namely, R2 (coefficient of determina-
tion),    (adjusted coefficient of determination), RMSE 
(root mean squared error), AIC (Akaike information 
criterion), BIC (Bayesian information criterion), MAE 
(mean absolute error) and MAPE (mean absolute per-
centage error). Rahman et al. (2013) determined best 
fitted growth model on forecasting of pulse production 
in Bangladesh. They used growth model and it revealed 
that the cubic model was found to be the best model for 
pigeon pea, chickpea and field pea pulse production. 
Akhter (2013) conducted a research on forecasting of 
rice production in Bangladesh and it revealed that both 
the quadratic linear and cubic models were proved to 
be the equally better fitted models for rice production 
in Bangladesh. A very common practice to estimate the 
growth rate of rice production using accuracy model 
namely, exponential or compound model (Akhter and 
Jaim, 2002; Barua and Alam, 2000; Jabber and Jones, 
1997). Karim et al. (2010) had worked on the forecasting 
of wheat production in Bangladesh. Furthermore, Abid 
et al. (2018) had completed a research on exponential 
growth model for forecasting of growing area and pro-
duction of potato crops in Pakistan. In fact, it is neces-
sary to estimate the growth model that best fits the time 
series data before performing growth analysis.

From the multiple literature review on forecasting 
determination models, it showed that research work 
have been completed on forecasting of onion, garlic and 
potato production in daily/month/yearly production 
data set basis using multiple determination time series 
model. Wholesale price of rice, spice crops including 
masur, gram, kheshari, field pea, black gram and mung 
bean had been completed using accuracy model es-
timation (Rahman et al., 2013). But there is negligible 
work on forecasting prices of three important commod-
ities namely, onion, garlic and potato in the context of 
Bangladesh. Due to the escalation of prices of vegeta-
bles and spice crops, price determination is difficult to 
maintain equilibrium position of demand and supply 
in competitive market. Government is always anxious 
about how to determine price equilibrium in order to 
make the seller and buyer equally benefited; and produc-

er can earn maximum profits for their products. In this 
context, early forecasting about the probable prices of 
vegetables and spice crops could help the policy makers 
to predict the probable prices of their desired product. 
Forecasting is very important in decision making cases 
at all levels in different economic sectors; particularly in 
agriculture sector. In this sector, the policies and deci-
sions are characterized by risks and uncertainty largely 
due to varied yields, and relatively low price elasticity 
of demand. To reveal the price pattern and to make the 
best forecast prices of the selected products, appropri-
ate time series models based on the observed data are 
necessary. Deterministic type of time series models, 
often called growth models, such as linear, quadrat-
ic, cubic, exponential, compound, inverse, power, and 
S-shaped are very quick to estimate, inexpensive and 
easy to understand. Therefore, these models are wide-
ly used to estimate the growth rate of time series data. 
Before performing growth analysis it is necessary to 
identify the growth model that best fits the time series 
data. In this paper, an attempt is made to identify the 
best models for the three selected agricultural com-
modity prices in Bangladesh using the latest available 
criteria, such as MAPE, MAD (Mean Absolute Devi-
ation), and MSD (Mean Squared Deviation) (Gujarati, 
2016). In this paper, another attempt is made to describe 
the growth scenario in order to forecasts of the prices 
of these three important commodities in Bangladesh.

Data and Methodology
The present study was conducted using secondary time 
series data on the prices of three commodities namely, 
potato, onion and garlic in Bangladesh (January 2000 
to December 2016). The monthly data of the wholesale 
prices of the three commodities (Tk. per quintal) from 
the year January 2000 to December 2016 were collect-
ed from Department of Agricultural Marketing (DAM), 
Food Planning and Monitoring Unit (FPMU) under the 
Ministry of Food System Management Division. These 
secondary data were used to analyze and achieve the 
specific objectives of this study. 

In this study, the growth models were used to describe 
the behavior of variable changing with respect to time. 
Integrated variable exhibited a systematic variation or 
trend. If the trends are completely predictable, it is called 
as deterministic trend. The specification of a determin-
istic trend can be functional form of time. The mathe-
matical form of deterministic trend can be as follows:

y = α + β t                                                                         (1) 

It is important to note that this type of model is 
called deterministic in which no reference is made 
to the source and nature of the underlying random-
ness in the series. Forecasts obtained by this partic-
ular model can often be usefully combined with oth-
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er forecasts in order to get overall superior forecasts.

Analytic Techniques 
Four different forecasting models (i.e., linear trend mod-
el, quadratic trend model, exponential growth model, 
and S-curve model) were used to find the best fitted 
model for area and production of potato, onion and gar-
lic in Bangladesh (Khan et al., 2014). The following fore-
casting models were used:
Liner Trend Model:

Y = α + β t + ϵ                                                                                                          (2) 

Quadratic Trend Model:

Y = a + b  t + ct 2 + ϵ                                                                                             (3) 
 
Exponential Growth Model:

Y = d[ex p(f  t  ϵ)]                                                                                                (4) 
 
S-Curve Model (Pearl-Reed logistic trend model):

                                                                                        
Y =                                                                                        (5)

where, Y is the time series considered, t represents 
time taking integer values starting from 1, ϵ is the regres-
sion residual, α, β, a,b,c, d, f, g, k, l, m are the coefficients 
of the models.

Criteria Used for Model Selection
In the case of two or more competing models for con-
ducting the diagnostic checks, the best model is selected 
by using the criteria such as  MAPE, MAD and MSD. 
The definition and some related materials are briefly giv-
en in the following sections. 

Exponential Smoothing
Exponential Smoothing Methods (ESM) are a family of 
forecasting models. They use weighted averages of past 
observations to forecast new values. This method was 
initially developed by Robert G. Brown and further de-
veloped by the forecasting inventory control systems. 
Exponential Smoothing is a forecasting method that the 
observed time series data are weighted unequally. Two 
types of exponential smoothing models are widely used 
namely, Simple Exponential Smoothing (SES) and Dou-
ble Exponential Smoothing (DES). Simple Exponential 
Smoothing, SES for short, is a time series forecasting 
method for univariate data without a trend or seasonali-
ty. It requires a single parameter, called α, also called the 
smoothing factor or smoothing coefficient. This param-
eter controls the rate at which the influence of the obser-
vations at prior time steps decay exponentially. The value 
of α is often set to a value between 0 and 1. Large values 
mean that the model pays attention mainly to the most 

recent past observations, whereas smaller values mean 
more of the history is taken into account when making a 
prediction. A value close to 1 indicates fast learning (that 
means, only the most recent values influence the fore-
casts), whereas a value close to 0 indicates slow learning 
(past observations have a large influence on forecasts). 
Formula for Simple Exponential Smoothing is: 

                      
                                                                                       (6)

where p̂t+1 is the forecast prices at time t+1; Pt is the 
actual price at time t; (obervered); p ̂t is the forecast of 
Pt; and 0<α<1 is the smoothing parameter. Double Ex-
ponential Smoothing is an extension to Exponential 
Smoothing that explicitly adds support for trends in the 
univariate time series. Double Exponential Smoothing 
(DES) computes a trend forecasting equation by apply-
ing a special weighting function and emphasizing on 
the most recent time periods. This method supports the 
trends that change in two ways: an additive and a mul-
tiplicative, depending on whether the trend is linear or 
exponential, respectively. The DES makes use of the fol-
lowing formulas:

                                                                                           (7)

                                                                                               (8)

                                                                                          (9)

In the DES method, the most decisive parameters 
are smoothing constants  α and γ both of which belong 
between 0 and 1. The forecasts generated by Holt’s lin-
ear method display a constant trend (increasing or de-
creasing) indecently into the future. Mean Square Error 
(MSE) has the same unit of measurement as the square 
of the quantity being estimated. It is defined as:

                                                                                             (10)

where, n is the sample size, k is the total number of 
estimable parameters and ût is the difference between 
the observed and estimated values. The model with 
minimum MSE is assumed to describe the data series 
more adequately. Root Mean Square Error (RMSE) is 
defined as:

                                                                                           (11)

where, n is the sample size and k is the total number 
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of estimable parameters and ût is the difference between 
the observed and estimated values. The model with min-
imum RMSE is assumed to describe the data series more 
adequately. Mean Absolute Deviation (MAD) is an av-
erage of absolute deviations of individual observations 
from the central value of a series. It is defined as:

                                                                                        (12)

where ut =xt-x ̅, which stands for the deviations of 
the individual observations from the mean, and abso-
lute means that the signs of the deviations whether posi-
tive or negative are ignored. Mean Absolute Percent Error 
(MAPE), the fourth model selection criterion is defined as:

                                                                                        (13)

where n is the number of observations, Yt  is the ob-
served value and ut is the difference between the ob-
served and estimated values.

Results and Discussion

Stationary Test
Since the data series was found to be non-normal, Aug-
mented Dickey Fuller (ADF) test was conducted to make 
the series stationary. The results indicated that the series 
was made stationary at 1st order difference and 2nd order 
difference with p-value of 0.01, 0.05, 0.10 levels of signif-
icance. The trend component of the data was removed in 
order to make it suitable for price forecasting.

Model Selection Criteria 
Model selection is an important part of any statistical 
analysis. The models considered for this study were es-
timated for the monthly wholesale prices of potato in 
Bangladesh during January 2000 to December 2016. All 
the model selection criteria were used in this study to 
identify the best fitted model for forecasting purpose 
and also for explaining the growth patterns of the com-
modities. Interpretation of the model selection criteria 
is considered based on the lowest value of MAPE, MAD, 
and MSD.   

Diagnostic Measures for the Selection of the 
Best Fitted Model
From Table 1, it is clearly appeared that for onion, the 
values of MAPE, MAD and MSD are 28, 656, 1023026, 
respectively; for garlic, the values of MAPE, MAD and 
MSD are 32, 1751, and 7845835, respectively; and for 
potato, the values of MAPE, MAD and MSD are 31, 353, 
and 211023, respectively, all of which are smaller for ex-

ponential model as compared to other growth models. 
Therefore, the exponential growth model was found to 
be the best fitted model for the trend analysis on the 
prices of these three agricultural products. It is on the 
basis of smaller values of accuracy and thus this model 
is being selected as a best model for forecasting. From 
Figure 1 we see that the graphs of actual prices and pre-
dicted prices for three selected commodities are slightly 
fluctuated at time. As the actual values and predicted 
values showing similar seasonal cyclical pattern, there-
fore it clearly indicates that the exponential model is 
more suitable for forecasting.

The Figure 2 is constructed between actual prices 
and predicted prices of onion, potato and garlic. In com-
parison to the actual prices and predicted prices for on-
ion, the prices of onion are accounted for Tk. 1344/100 
kg to Tk. <2000/100 kg (Jan-2000 to May-2005), Tk. 
1214/100 kg to Tk. 8000/100 kg (June-2005 to Jan-2014), 
Tk. <2000/100 kg to Tk. 6000/100 kg (Feb-2014 to Jan-
2016). In the comparison to the actual prices and pre-
dicted prices for garlic, the prices of garlic are accounted 
for Tk. 5000/100 kg to Tk.10000/100 kg (Jan-2000 to 
April-2007), Tk. <5000/100 kg to >10000/100 kg (May-
2007 to Jan-2010), Tk. <20000/100 kg to Tk.15000/100 
kg (Feb-2000-Dec-2016). In comparison to the actual 
prices and predicted prices of potato, the prices of po-
tato are accounted for Tk.1000/100 kg to Tk.2000/100 
kg (Jan-2000 to sep-2006), Tk. <2000/100 kg to Tk. 
<3000/100 kg (Oct-2006 to Sep-2009), Tk. 2000/100 kg 
to Tk. 3000/100 kg (Oct-2009 to Dec-2015), Tk.1000/100 
kg to Tk. 2000/100 kg (Jan-2016 to Dec-2016). The 
comparison of actual prices and predicted prices show 
similar value and the seasonal cyclical pattern is shown 
upturn and downturn with time. Since actual price and 
predicted price are shown similar value, it is ready to 
better forecasting.

In Figure 3, we constructed a line graph for com-
paring the predicted prices and residuals for accuracy 
of forecasting for our selected three agricultural com-
modities. Residual values mean the difference between 
the predicted values and observed values. In residual, if 
the prices of three commodities are equal to zero, this 
line is actually the best fitted line.  In the predicted pric-
es and residual for onion, the prices of onion is equal 
to zero or close to zero. The predicted prices is shown 
upturn and downturn pattern which accounted for Tk. 
1344/100 kg to Tk. <4000/100 kg (Jan-2000 to Nov-
2005), Tk. <2000/100 kg to Tk.8000/100 kg (Dec-2005 
to Jan-2014), respectively. Similarly, the predicted prices 
of garlic and potato are shown upturn and downturn in 
a graph where residual is equal to zero or close to zero. 
Thus it is clear that we are estimating best fitted model 
for forecasting using data set from January 2000 to De-
cember 2016.

In Figure 4, forecasted prices (Jan-2017 to Dec 2021) 
of our selected three agricultural products  have been es-
timated based on the actual prices of commodities from 
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Table 1. : Criteria for best fitted model prices of the Agricultural products (Onion, Garlic and Potato) with comparison accuracy 
measurements among trend models.

Model Fitted Trend Equation Accuracy Measures

Onion

MAPE MAD MSD

Linear Y= 981 + 13.19 t 31 668 986716

Quadratic Y= 1006 + 12.46 t + 0.0035 t2 31 668 986594

Exponential Y = 1129.92 × (1.00588t) 28 656 1023026

S Curve Y = (105)/[24.4701 + 8.0844×(0.988668t)] 27 649 1080658

Trend Fitted Trend Equation Accuracy Measures

Garlic

MAPE MAD MSD

Linear Y = 2256 + 29.36 t 38 1862 7555079

Quadratic Y= 2495 + 22.4 t + 0.0340 t2 37 1852 7543983

Exponential Y= 2619.46 × (1.00539t) 32 1751 7845835

S Curve Y = (105)/[18.2718 + 33.2841×(0.975665t)] 33 1887 9078596

Trend Fitted Trend Equation Accuracy Measures
MAPE MAD MSD

Potato

Linear Y= 582.6 + 6.417 t 33 355 204289

Quadratic Y = 596.1 + 6.02 t + 0.0019 t2 33 355 204253

Exponential Y = 629.132 × (1.00552t) 31 353 211023

S Curve Y = (104)/[7.10205 + 18.4221×(0.971589t)] 32 378 238562

Data Source: Department of Agricultural Marketing (DAM) during 2000 to 2016

 

  

  

  

  

  

  
Figure 1: Trend analysis model for regarding the prices of agricultural products, from January 
2000 to December 2016 Figure 1. Trend analysis model for regarding the prices of agricultural products, from January 2000 to December 2016.
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Comparison of Actual Price VS Predicted Price using Exponential Smoothing model 

 
 
Figure 2: Cross-section line graph for the measure of comparison the price between actual 
wholesale price and predicted wholesale price (Tk. /100kg) for onion, garlic and potato, January 
2000 to December 2016. 

Figure 2. Cross-section line graph for the measure of comparison the price between actual wholesale price and predicted 
wholesale price (Tk/100kg) for onion, garlic and potato, January 2000 to December 2016.

Residual Analysis on Predicted Values VS Residuals using Exponential Smoothing model 

 

 

 
Figure 3: Comparison between the predicted prices and residuals for three selected agricultural 
products from January 2000 to December 2016 Figure 3. Comparison between the predicted prices and residuals for three selected agricultural products 

from January 2000 to December 2016.
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January 2000 to December 2016. The forecasted prices 
are clearly shown upturn and downturn pattern like as 
the previous seasonal cyclical pattern graph. Therefore, 
we can conclude that accurate forecasting has been com-
pleted using data accuracy measurement and estimation 
process through comparison between actual price and 
predicted price and also predicted price and residual.

Conclusion
This study showed that exponential growth model was 

appropriate for forecasting future estimates of the prices 
of three agricultural products in Bangladesh based on 
the lowest values of the forecasting errors. The forecast 
values of the three selected agricultural products clearly 
showed the increasing trend. Therefore, forecasting pric-
es of these three crops could enable the policy makers 
and government to take wiser steps for attaining price 
equilibrium to maintain the demand and supply in the 
market. Furthermore, based on these forecasting price 
information, both the seller and buyer of these prod-
ucts could be equally benefitted and the producers are 
expected to earn maximum profits from their products.
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