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FORECASTING THE TEA PRODUCTION OF
BANGLADESH:APPLICATION OF ARIMA MODEL

MD. MOYAZZEM HOSSAIN® AND FARUQ ABDULLA @

ABSTRACT: Bangladesh is the world’s #0argest tea producer and fifteen number
exporters and sixteen number consumers in the wdhd consumption is increasing day
by day mainly due to the rapid increase in popaoitatiThe main purpose of this research
is to identify the Auto-Regressive Integrated Mayitwerage (ARIMA) model that could
be used to forecast the production of tea in Balggh. This study considered the
published secondary data of yearly tea productioBangladesh over the period 1972 to
2013. According to AIC, Alg and BIC, the most suitable model to forecast e t
productions in Bangladesh is ARIMA (0,2,1). Adequadf the fitted model has been
tested using Run test and Jarque and Bera testigribllowed by residual analysis. The
comparison between the original series and foredaseries shows the same manner
indicating the fitted model behaved statisticallgliwand suitable to forecast the Tea
productions in Bangladesh i.e., the models forewa#itduring and beyond the estimation

period.

1. INTRODUCTION
Tea Camellia sinensis L. [28] is a unique croptietato any others typical crop due to
its cultivation and harvesting system. It is a tgberop which shows wide adaptability and
grows in a range of climates and soils in varioaggof the world Hamid [12]. Mondal et
al. [32] mentioned in his research that Tea isdldest non alcoholic caffeine containing
beverage in the world. Khisa and Igbal [29] saidt thow-a-days tea is the most popular
drink all over the world. Modern man cannot thirflstarting a day without having a cup of
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tea. It refreshes the mind and gives energy. Almbgieople take tea once or twice a day.
Bekhit [28] said that the Chinese were the firstuge tea as medicinal drink, later as
beverage and have been doing so for the past 3686s.yRedowan and Kanan [27]
mentioned that the art of tea cultivation in Badgish began over a century and a half ago
in the 1840s near the Chittagong Club and firstgaadlen for commercial purpose was
established at Malnicherra in Sylhet in 1854.

Its commercial production began shortly thereafier1857 and this same year
Bangladesh Tea Board was established in Dhaka angl&lesh Tea Research Institute
(BTRI) was founded in Srimangal see Nasir and Shakfisoa [33]. The tea cultivation in
Bangladesh has been expanding since then. At présere are 163 tea gardens in the
country see BTD [5]. In Bangladesh, tea grows &elbnly 80300 ft. above from sea level
mainly in the hilly regions northeast of Sylhet {8, Moulvibazar and Habibgon]
districts) and southeast of Chittagong see BTRI ]t few tea gardens also present in
Brahmanbaria and Panchagar districts. From totab@nproduction, 94% comes from
Sylhet (63% Moulvibazar district) from and rest froothers part of the country.
Bangladesh is the world’s 10th largest tea prodwet fifteen number exporters and
sixteen number consumers in the world BTD [5]. Rahr{25] has investigated the impact
of price and other factors on the supply of teBamgladesh by the modified form of the
Cobweb supply model.

The relationship between tea drinking and humaritihndeaas become a subject of
intense study by scientists throughout the worldhie past two decades. These studies
suggest that tea may be beneficial to human héaidtdetails see Weisburger [20]; Chen
[37]; Yang et al. [9]; Blumberg [18]. ResearchdeliWeisburger [20][21]; Yang et al. [8];
McKay and Blumberg [10]; Blumberg [18]; Chen [38Juang and Xu [16] conclude that
Tea may have great potential for the developmemexdication and in the prevention of a
number of human diseases including cancer. Yong-Ximu et al. [36] showed that tea and
tea constituents have various biological activiaesl suggested that tea drinking might be
beneficial to human health. Tea has potential & ghevention or adjuvant treatment of

several diseases including cancer, cardiovascus@ases and obesity. Kamath et al. [2]
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mentioned that Researchers from Brighand Women’s Hospital and Harvard University
published novel data indicating that tea contaieeraponent that can help the body ward
of infection and disease and that drinking tea stegngthen the immune system. ADA [3]
said that Type 2 diabetes is considered a glohdeapc. Stote and Baer [24]; Anderson
and Polansky [30] said that Catechins in tea haentshown to help reduce blood sugar
and provide insulinboosting activity, which may lbenefiial for people with both type 1
and type 2 diabetes. Linke and LeGeros [15] saitl dlvecent study conducted at the New
York University Dental Center examined the effezt8lack Tea extract on dental caries
formation in hamsters. Compared to those who wedewater with their food, hamsters
that were fed water with Black Tea extract devetbpg@ to 63.7 percent fewer dental
caries.

Hazarika [19] has been developed an Autoregresbitegrated Moving Average
(ARIMA) model with the help of Box- Jenkins apprbaior the tea production of Assam.
He has shown that the selected ARIMA model is qageropriate for the tea production of
Assam, India. Gijo, E.V. [11] was modelled by Baenlins seasonal auto regressive
integrated moving average (ARIMA) model for a temclmging company in India and
shown that his model has helped the organisatioplan the production activities more
efficiently. Dhekale, B. S., et al. [4] analyze tlggowth and trend behavior of tea
production scenario in West Bengal. They used ARIMAdel to forecast tea production.
Ahammed [22] analyzed the trends in Bangladeshusaay polynomial models. Borodoloi
[23] analyzed global tea production and export drexi India using linear regression
analysis. Dissanayake [2&yas forecasted Tea production in Sri Lanka using R
models. Dutta et al. [31] studied the linear relaship between rainfall and fertilizer with
north east tea production. Nasir and Shamsudddlani@ntioned that In Bangladesh the
production has increased by 1.84 % and contriklit&s in export in the word tea trade and
earns near about 1775 million Taka (Taka 69 = USID)levery year. Kamal and Bhuiyan
[35] said that the tea industry of Bangladesh isamdy provides a huge amount of foreign
currency, but also provides a lot of employment.
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Taking tea is an integral part of social life ingéadesh. The consumption is
increasing day by day mainly due to the rapid iasesin population. The tea producing
industry has been traditionally regarded as on¢hefmajor agro-based labor intensive
industry and occupies an important role in theamati economy of Bangladesh. Tea is the
most important agriculture crop which plays a gredét to earn foreign money. Moreover,
a large number of people were involved in the potidn and marketing of tea. Thus, it is
necessary to estimate the tea production in Baeghadvhich leads us to do this research.
The main purpose of this research is to identify futo-Regressive Integrated Moving
Average (ARIMA) model that could be used to forédas tea production in Bangladesh.
The R programming language of version 3.1.3 is tigethalyze this data set.

2. MATERIALSAND METHODS
2.1 Data Sour ce.
This study considered the published secondary détgearly tea production in
Bangladesh which was collected over the period 18¥2013 from the Food and

Agricultural Organization (FAO) website (http://fstat3.fao.org).

2.2 ARIMA Modd.

Suppose tha{tZt} is a white noise with mean zero variancé, then{Yt} is defined by
Y. =¢+ B+ Bl + ..+ B,{,, is called a moving average process of orgemnd is
denoted byMA(q). If the proces{Yt} is given byY, =a,Y,_, +a,Y,_, + ... +a Y _, +{,
is called an auto-regressive process of omlend is denoted b)AR(p). Models that are
combination ofAR and MA models are known a8RMA models. AnARMA( P, q) model
isdefined asy, =a.Y,_, +a,Y,_,+ ... +a Y, +{ +B{, + Bl + ... + B, (i, Where,
Y: is the original series, for evetywe assume thaf, is independent o¥i1,Yi2,....Yep. A
time series{Yt} is said to follow an integrated autoregressive moving averagéVAR

model if thed” differenceW, =0°Y, is a stationary ARMA process. fiv} follows an
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ARMA(p, q) model, we say tha}Y, } is an ARIMA(p,d,q) process. Fortunately, for
practical purposes, we can usually t&kelor at most 2. AnARIMA(p,l,q) process is

defined asW, =aW_, + ... +a W_, +{ +B{ ,+ ... + B{,, where, W =Y Y.

2.3 Box-Jenkins Method.
The influential work of Box and Jenkins [14] shifted profesalcattention away from
the stationary serially correlated deviations from deterministic tranadmgm toward the

ARl MA(p,d,q) paradigm. It is popular because it can handle any series, stgtmmaot

with or without seasonal elements. The basic steps in the @tkind methodology consist
of the following five steps:

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 orderp,d,q of the ARIMA model so
that it is clear the number of parameters to estimate. Empaitatorrelation functions
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 estentite 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 usedrfoet a

phenomenon, forecast.
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2.4 Jarque-Bera Test.
The normality assumption is checked by using Jarque and Betasi/]which is a
goodness of fit measure of departure from normality, based on theeslalmnmsis(k) and

skewnes§s). The test statistics Jarque-Bera (JB) is definedsa%[su(kf)j ~ Xy

wheren is the number of observations akds the sample kurtosis anis the sample
skewness. The statistic JB has an asymptotic chi-square dismibwith 2 degrees of
freedom, and can be used to test the hypothesis of skewneszb@rand excess kurtosis
being zero, since sample from a normal distribution have expek&dness of zero and

expected excess kurtosis of zero.

2.5 Evaluation of Forecast Error.

Before performing growth analysis it is necessary to estimate thellgmwadel that
best fits the time series. There are many summary statisticaldeaih the literature for
evaluating the forecast errors of any model, time series or econorhigrg,. an attempt is
made to identify the best models for tea production in Bangladssiy the following
contemporary model selection criteria, such as RMSPE, MPFE and TIC

Root Mean Square Error Percentage (RMSPE): Root Mean Square Error Percentage

(RMSPE) is defined agmspe= |23 ¥ X

2
] , whereY," is the forecast value in tinte

andY? is the actual value in time.
Mean Percent Forecast Error (MPFE): Mean Percent Forecast Er@PFE) is defined

1 (Y=Y, : o .
as, MPFE:TZ(‘Ya‘J, whereY?is the actual value in timeandY," is the forecast value
t=1 t

intime t.
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Thell Inequality Coefficient (TIC): Theil (1966) Inequality Coefficient (TIC) is

defined as

-
/%Z(Y‘f _Y‘a)z
TIC = L

J Yf;”\/Tli(Yﬁ)z

, whereY," is the forecast value in timeand Y%is the actual
value in timet.

|
M—4

S

t=

3. RESULTSAND DISCUSSION

In order to make forecasting a time series it is necessary to chedknth series is
stationary or not first. In this study Augmented-Dickeykiul(ADF) unit root test,
Phillips-Perron (PP) unit root test and Kwiatkowski—Phillgshmidt—Shin (KPSS) unit

root test are used to check whether the data series is stationary. gkfteotsecond

differencing the Augmented-Dickey-Fuller (ADF) test wiﬂhr(|r|2-5.83j< 0.0,
Phillips-Perron (PP) test witlPr(|7|> -59.7534< 0.0 and the Kwiatkowski—Phillips—

Schmidt—Shin (KPSS) unit root test wiBT(|r| > 0.045)> 0. at 5% level of significance

adequately declared that the data series is staticand suggest that there is no unit root.
The graphical representations of the original aawbed differenced series are presented in

Figure 1(a), (b).
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Figure 1. (a) Time series (original series) plot, (b) Timeies (2 differenced) plot (c) ACF and (d)
PACF of 2 differenced tea production in Bangladesh.

It is clear that the yearly tea production in Baaglsh has gradually an increasing trend
with some fluctuation over the study period 1972-2Q.e., the variance is unstable which
leads the tea production data series is not statyoffrigure 1(a)). However, it is clear that
the second differenced tea production data sehews stable variance which leads the
data becomes stationary. To stabilize the varimmzkto make the data stationary second
difference is enough that is difference order ian2l it is said that integrated of order 2
(Figure 1(b)). The alternative positive and negathCF (Figure 1(c)) and exponentially
decay PACF (Figure 1(d)) indicates an autoregressioving average process. The PACF
with significant spike at lag 3 and ACF with sigoént spike at lag 1 suggest that third
order autoregressive and first order moving average effective on tea production in
Bangladesh. However, using the tentative proceduis,clear that ARIMA(0,2,1) model

with AIC =774.68 , AIC.=775.01and BIC=778.0tis the best selected model for

forecasting the tea production in Bangladesh. Tignates of the parameters of the fitted
ARIMA(0,2,1) model are shown in Table 1. The valofethe most useful “forecasting
criteria” of the fitted ARIMA(0,2,1) model are RMSPE =0.0804928: |,
MPFE =-0.0133239¢, and TIC =0.035897.



2, suggest that there is no significant pattern lagace there is no autocorrelation among
the residuals. Also, the lower and upper valuahefruns are 15 and 28 respectively which

are obtained from Swed and Eisenhart [13] Tablé®/atevel of significance, and here the

observed number of runs is 25. So the “Run” tesh \E’ir(155 R< 26 = 0.9'at 5% level

of significance strongly suggest that there is ntweorrelation among the residuals of the
fitted ARIMA(0,2,1) model. Here “Jarque-Bera” tes used to check the normality

assumption of the residuals of the fitted model. Miserve that the “Jarque-Bera” test with

Pr(‘)(zz‘z 4.04:): 0.1321at 5% level of significance moderately suggestadoept the

normality assumption that is the residuals of ttted ARIMA(0,2,1) model are normally
distributed. Therefore, it is clear that our fittddRIMA(0,2,1) model is the best fitted
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Table 1. Summary statistics arforecasting criteria of the fitted
ARIMA (0,2,1) model
Coefficients Estimates Std.Error t-value p-value
mal -1.000 0.0674 -14.8368 0.02142169

Several plots of the residuals for the fitted ARI0A,1) model are presented in Figure

model and adequately used to forecast the tea ptiodun Bangladesh.
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Figure 2. Several plots of residual.
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By using the best fitted model ARIMA(0,2,1), thedoasted tea production and 95%

confidence level for twelve years are shown in &bl

MD. MOYAZZEM HOSSAIN AND FARUQ ABDULLA

Table 2. Forecasted tea production (tonnes) in Bangladesh

Year For ecasted LCL UCL

2014 64973.95 57977.68 71970.23
2015 65947.91 55936.58 75959.23
2016 66921.86 54518.78 79324.93
2017 67895.81 53412.14 82379.48
2018 68869.76 52497.59 85241.94
2019 69843.72 51715.01 87972.43
2020 70817.67 51029.21 90606.13
2021 71791.62 50417.64 93165.60
2022 72765.58 49864.88 95666.27
2023 73739.53 49359.88 98119.18
2024 74713.48 48894.42 100532.54
2025 75687.43 48462.24 102912.63

Note: LCL= Lower Confidence Linaihd UCL=Upper Confidence Limit
The graphical comparison of the original series #mal forecast series is shown in
Figure 3. It is observed that the forecast serdgefcolor) fluctuated from the original
series (dark-green-color) with a very small amaiat is it shows the production in same
manner of the original series (Figure 3). Therefdhe forecasted series is really better

representation of the original tea production seineBangladesh.
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Forecasts for tea production imn Bangladesh
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Figure 3: Comparison between the original and forecastegneduction in Bangladesh.

4. Conclusion

The best selected Box-Jenkins ARIMA model for fasting the tea productions in
Bangladesh is ARIMA (0,2,1). The comparison betwtenoriginal series and forecasted
series shows the same manner indicating the fittedel behaved statistically well and
suitable to forecast the Tea productions in Bargghd.e., the models forecast well during
and beyond the estimation period. Thus, this modalbe used for policy purposes as far

as forecasts the tea production in Bangladesh.
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