- Visit us - www.researchjourna.co.in |l DOI : 10.15740/HAS/IRIAES/8.2/271-276

International Research Journal of Agricultural Economics and Statistics

]l

Volume 8 | Issue 2 | September, 2017 | 271-276 |l e |SSN-2231-6434

|Research Paper |

See end of the paper for
authors’ affiliations

Correspondence to :

S. B. RAMYA LAKSHMI
Department of Agricultural
Economics, S.V. Agricultural
College, TIRUPATI (A.P)
INDIA

Email : ramyalakshmi.sb@
gmail.com

Paper History :
Received : 03.01.2017;

Revised : 13.07.2017;
Accepted : 26.07.2017

INTRODUCTION::

Chilli one of the most important commercial crops

Time series analysis of chilli (dry) prices in
selected markets of India

H S B. RAMYA LAKSHMI AND |I. BHAVANI DEVI

AgstracT : Chilli isone of the most important spice cropsin India. The present study was undertaken
to forecasts the prices of chilli (dry) in different markets of India using various techniques. ARIMA
model (1,1,1) wasidentified as the best model to forecast pricesin Byadagi market. According to the
forecaststhe priceof chilli per quintal would beranging from Rs. 6,394 to Rs. 6,546 for themonthsfrom
April to July 2013. Themodel (1,0,1) was selected for forecasting prices of chilli in Nagpur market. The
forecastsindicated that the prices of chilli per quintal would be ranging from Rs. 5,364 to Rs. 5,200 for
the monthsfromApril to July 2013. Themodels (1,1,0) (1,1,1) were selected for forecasting prices of
chilli in Virudhunagar market. The forecastsrevea ed that the prices of chilli per quintal would beinthe
range of Rs. 5,473 to Rs. 5,456 for the months commencing from April to July 2013.
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of cuisines of various cultures and is also used as a
colouring agent. Most of its demand is generated in the
food processing sector. The major chilli consumers of

of Indiais known from pre historic timesin Peru. It is
believed to have been originated in the tropical America.
Chilli occupiesan important placein Indian diet. Among
the spicesconsumed per head, dried chilli fruitsconstitute
amajor share. Currently, chilliesare used throughout the
world asaspiceand also in the making of beveragesand
medicines. While consumption of chilli isthehighestin
India, maximum export isa so fromthiscountry. Currently
Indiaisthe main source of red chilli in the international

market. Chilli continued to bethe major item of exportin
the world in terms of quantity. The large demand from
several chilli consuming countriesisbecauseit formspart

theworld areIndia, China, Mexico, Thailand, USA, United
Kingdom, Germany and Sweden, with Indiaagain leading
among the consumers (Ajjan et al., 2012).

Indiais the global leader in the production of red
chilli with acontribution of 36 per cent. Chilli producedin
the country reaches various domestic destinations
depending on the demand. Keeping in view the
importance of chilies in world trade, it’s demand in
domestic and international markets, the present study was
undertaken with an objective of:

— Forecasting the prices of chilli (dry) in major
markets of India.
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MATERIALSAND METHODS:

Timeseriesdataon monthly modal pricesfrom 2000-
01 to 2012-13 were collected in the sel ected marketsi .e.
Byadagi market (Karnataka), Nagpur market
(Maharastra) and Virudhunagar market (Tamil Nadu).
Toforecast future prices ARIMA model, trend analysis,
decomposition fit, moving average, single exponential
smoothing, double exponential smoothing, Winter’s
multiplicative and ANN model swere employed.

Box-jenkins model (ARIMA) :

The Box-jenkinsprocedureis connected with fitting
a mixed auto regressive integrated moving average
(ARIMA) model and is used to a given set of data.
The main objectivein fitting thisARIMA model isto
identify the stochastic process of the time series and
predict the future values accurately. These methods
have al so been useful in many types of situation which
involve the building of modelsfor discrete time series
and dynamic systems.

Theoptimal forecast of futurevaluesof atime-series
are determined by the stochastic model for that series. A
stochastic process is stationary or non- stationary. The
first thing is to note is that most time series is non-
stationary and theARIMA model refer only to astationary
timeseries. Therefore, itisnecessary to have adistinction
between the original non-stationary time series and its
stationary counterpart.

Sationarity and non-stationarity :

The term stationarity meaning that the process
generating the data is in equilibrium around a constant
value and that the variance around the mean remains
constant over time. The datamust be roughly horizontal
along time axis. If mean changes over time (with some
trend cycle pattern) and variance is not reasonably
constant then series is non —stationary in both mean and
variance. If atime seriesisnot stationary, then it can be
made more nearly stationary by taking thefirst difference
of the series. Conversely a stationary process may be
summed or integrated to give a non-stationary process.

The main stages in setting up a Box-Jenkins
forecasting model areasfollows:

Identification of models :
A good starting point for time series analysisis a
graphical plot of thedata. It hel psto identify the presence

of trends. Before estimating the parameter (p, q) of
model, the data are examined to decide about the model
which best explainsthe data. Thisisdone by examining
the sample ACF (Auto correlation function) and PACF
(Partial auto correlation function) of different seriesY .
Usually ACF and PACF are cal cul ated upto a maximum
of 24 lags (k).

Both ACF and PACF are used as the aid in the
identification of appropriate models. There are several
ways of determining the order type of process, but still
therewas not exact procedurefor identifying the model.

Estimation of parameters:

After tentatively identifying the suitable model, next
step is to obtain least sequence estimates of the
parameters such that the error sum of squares is
minimum.

There are fundamentally two ways of getting
estimates for such parameters:

Trial and error:
Examine many different values and choose set of
values that minimizesthe sum of squares of residual.

Interative method:

Choose a preliminary estimate and let a computer
program refine the estimate interatively.

The latter method is used in our analysis for
estimating the parameters.

Diagnostic checking :

After having estimated the parameters of a
tentatively identified ARIMA moddl, it isnecessary to do
diagnostic checking to verify that the model isadequate.

Examining ACF and PACF of residuals may show
up an adequacy or in adequacy of the model. If it shows
random residuals, then it indicates that the tentatively
identified model was adequate. When an inadequacy is
detected, the checks should give an indication of how
the model need be modified, after which further fitting
and checking takes place.

One of the procedures for diagnostic checking
mentioned by Box-jenkinsiscalled over fittingi.e., using
more parameters are necessary. But the main difficulty
in the correct identification is not getting enough clues
from the ACF because of inappropriate level of
differencing. Theresidualsof ACF and PACF considered
random when all their ACF were within the limits.
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Forecasting :

After satisfying about the adequacy of the fitted
model, it can be used for forecasting. Forecasts based
on the mode!.

Single exponential smoothing (SES) :

Forecast requires only three pieces of data. The
most recent actual, the most recent forecast and a
smoothing constant. The smoothing constant (o)
determines the weight given to the most recent past
observationsand therefore, controlstherate of smoothing
or averaging.

F=aY_ +(1-a)F,

The current forecast equals to a weighted average
of the most recent actual value and the most recent
forecast value. The first actual value is chosen as the
forecast for the second period.

FI = F(-l +a (Yl.l_ FH)

It meansthat the current forecast isequal totheold
forecast plus afraction (o) of the error in the previous
forecast, where o always lies between 0 and 1 (0.1 and
0.9). The best o should be the one to minimize the SSE
or RSE. If greater weight is given to the most recent
actual value, a high smoothing constant is chosen. This
refers to as low smoothing. When o = 1 provides no
smoothing because the forecast equal sto the most recent
actual value. This refers to the zero smoothing and
becomes aone period MA. That is:

F=Y,+(-a)F,

F=Y, (Naive model)

Derivation of exponential weight for the past actual:
F=aY,,+(la)F; F.=aY,+(l-a)F,
FI-Z =a YI-3 +(1- a) F‘-3; FI-3 =a Y(-A +(1-a) FI-Z

After substitution
F.aY,+l-a)[aY,,+(1-a)F,]
F.aY, ,+(@-a){aY,+(1-a)[aY,+(l-a)F_]}

Findlly,

F=aY_,+ta(l-a)Y ,+a(l-a)?Y +a(l-a)%Y +...... +(1-
a)¥ F,

where, 1-a)¥ F, =0

Fead (- afYe oy
=0

It smply statesthat theforecast int™" periodisequal
to aweighted average of all past actual values and one
initial forecast (closer to zero).
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All weightswill be summed to 1 since

x a
O(Sgo(l—a)s —H—l

Brown’s double exponential smoothing :
Let S’ denotes a single smooth and S” denotes the

double smoothed value:
S=aY+(l-a)s,
s"=as +(l-a)sS”,
aI: S’I + (S'( : 8"1 ) =2 S’I - S"(
where, g isthe smoothed value of the end of period

a
1-a
where, b, is the estimated trend of the end of the
periodt

Therefore, the m-period forecast is :

Fim=a+mb,

Sameasthe SES, the Double smoothing estimation
also requires a starting value to initialize the formul ae.
The common methods for estimating the starting val ues
for Browns exponential smoothing are asfollows:

LetS =S" =V,

a=Y,
b, (Yo=Y1)+(Y4=Y3)
v 2

bt: (S't*S”r)

Artificial neural networks (ANN) mode :

An ANN is a mathematical structure designed to
mimic theinformation processing functions of anetwork
of neurons in the brain. Each neuron, individually,
functions in a quite simple fashion. It receives signals
from other cells through connection points (synapses),
averages them and if the average over a short of timeis
greater than a certain val ue, the neuron produces another
signal that ispassed onto other cells. Itisthe high degree
of connectivity rather than the functional complexity of
the neuron itself that gives the neuron its computational
processing ability. Neural networksare very sophisticated
modeling techniques, capable of modeling extremely
complex functions. The neural network user gathers
representative dataand then invokestraining algorithms
to automatically learn the structure of the data.

The methodology consisted of an artificial neural
network, trained with the well-known error back
propagation learning algorithm, which has been
successfully used inanumber of forecasting applications.
Thisis especialy truein light of the fact that when we
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analyzearelatively small sample. Multilayer Perceptrons
(MLPs) use alinear PSP function (i.e., they perform a
weighted sum of their inputs) and anon-linear activation
function. The standard activation function (sigmoid) was
used in the study. To determine the appropriate
configuration of the feed-forward network, several
parameters have been varied. The number of neuronsin
the hidden layer was determined automatically by adopting
network complexity.

RESULTSAND DATA ANALYSIS:

The Box-jenkinsmodel is concerned with fitting of
mixed auto regressive integrated moving average
(ARIMA) to a given set of time series data. For the
present investigation ARIMA was used for predicting
future prices of chilliesin the selected markets and the
results are presented as follows.

Chilli prices in the selected markets :

The particulars of forecasting of prices of chilli in
selected markets are presented here under. ARIMA
model was estimated after transforming the price data
into stationary series.

Diagnostic checking:
Residual analysis was carried out to check the
adequacy of the models. Theresidualsof ACF and PACF

were obtained from the tentatively identified model. The
adequacy of the model was judged by AIC and sum of
the squares of residuals (Table 1). The models (111) and
(2,0,1) werefound to bethe best for Byadagi and Nagpur
markets respectively and for the Virudhunagar market
the model (1,1,0) was found to be best for forecasting
the chilli prices. Burark et al. (2013) also reported that
theARIMA model (1,1,0) possessed least AIC, SBC and
MAPE values while forecasting the prices of coriander
in Kota market of Rajasthan.

Table1: Resdual analysisof monthly pricesof chilli in selected markets

Market Model AlIC SBC
Byadagi 111 2237.82 2246.95
Virudhunagar 111 2227.67 2236.8
110 2229.55 2235.63
Nagpur 101 1361.79 1369.49

Forecasting prices of chilli in Byadagi market :

Using the model, the forecasted prices were
computed from the month of April to July 2013. The
results of actual and forecasted prices are illustrated
in Fig.1. It can be seen from the graph, that there
was not much variation between actual and
forecasted prices in Byadagi market. According to
the forecasts, the price of chilli per quintal would be
ranging from Rs.6,394 to Rs. 6,546 for the months
from April to July 2013 (Table 2).
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Fig. 1: Actual and predicted (forecasted) chilli prices in Byadagi market
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Table2: Comparison of forecasted valueswith real time pricesfor chilli in Byadagi market

Resal Byadagi market
Month time Forecasted values Deviation (%)

prices ARIMA TA DF MA SES DES WMM ANN ARIMA TA DF MA SES DES WMM ANN
April 2013 5774 6394 4940 4763 4982 6265 6287 4799 6381 -10.74 1445 1752 1372 -850 -883 16.89 -10.51
May 2013 5849 6460 4951 4542 4982 6265 6323 4600 6068 -1045 1535 2234 1483 -7.11 -810 2135 -3.74
June2013 5330 6508 4963 4550 4982 6265 6359 4547 6148 -2210 6.89 1463 653 -1754 -1931 1469 -1535
July 2013 4259 6546 4974 4680 4982 6265 6395 4732 5838 -53.70 -16.78 -9.89 -16.97 -47.10 -50.15 -11.11 -37.07

Forecasting prices of chilli in Nagpur market

The prices were predicted (forecasted) from April
to July, 2013. Theresults of actual and forecasted prices

areillustrated in Fig. 2. Asisfound from the graph the
actual and forecasted prices of chilli in Nagpur market
were more or less closer. The forecasts indicated that
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Fig. 2: Actual and predicted (forecasted) chilli prices in Nagpur market
Table 3 : Comparison of forecasted valueswith real time pricesfor chilli in Nagpur market
Real Nagpur market
Month time Forecasted values Deviation (%)
prics ARMA TA DF MA SES DES WMM ANN ARIMA TA DF MA SES DES WMM ANN
April 2013 5429 5364 5184 5013 4634 5403 5423 4062 5513 1.20 452 766 1465 048 011 2518 -155
May 2013 5750 5307 5206 4990 4634 5403 5451 3998 5231 7.70 946 1323 1941 6.03 520 3047 903
June2013 4833 5253 5228 5299 4634 5403 5478 4103 4767 -869 -818 -964 412 -11.79 -1335 1510 1.37
July 2013 4571 5200 5250 4977 4634 5403 5506 3968 4355 -13.76 -14.86 -8.88 -1.37 -1820 -2046 1319 4.73
Table4 : Comparison of forecasted valueswith real time pricesfor chilli in Virudhunagar mar ket
Real Virudhunagar market
Month time Forecasted values Deviation (%)
priccs ARIMA. TA DF MA SES DES WMM ANN ARIMA TA DF MA SES DES W.M.M ANN
April 2013 5337 5473 6942 6937 5771 5470 5404 5109 5215 -255 -30.08 -2998 -814 -249 -126 427 229
May 2013 5250 5443 6975 6595 5771 5470 5275 4758 4475 -3.68 -32.86 -25.62 -993 -419 -048 937 1476
June2013 6100 5445 7008 6849 5771 5470 5147 4468 4534 10.74 -1489 -1227 539 1033 1562 2675 25.67
July 2013 5937 5456 7041 7025 5771 5470 5018 4156 4278 810 -1860 -1833 279 7.87 1548 30.00 27.94
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Actual and predicted (forecasted) chilli prices in Virudhunagar market

the prices of chilli per quintal will be ranging from Rs.
5,364 to Rs. 5,200 for the monthsfromApril to July 2013
(Table 3).

Forecasting pricesof chilli in Virudhunagar market:
The chilli prices in Virudhunagar market were
forecasted upto the month of July 2013. The results of
actual and forecasted pricesareillustrated in Fig. 3. Itis
evident from the graphical depiction that the actual and
forecasted priceswere more or lesscloser. Theforecasts
revealed that the prices of chilli per quintal would bein
the range of Rs. 5,473 to Rs. 5,456 for the months
commencing fromApril to July 2013 (Table 4).

Comparision of forecasted values with real time
prices for chillies in selected markets :

A comparision was made between the forecasted
values obtained through various models viz.,, ARIMA,
trend analysis, decomposition fit, moving average, single
exponential smoothing (SES), double exponential
smoothing (DES), winters multiplicative method (WM M)
and ANN, with those of real time prices for chilliesin
selected marketsin order to find out the closeness of the
forecasted values of different models with real time
prices.

The results obtained through trend analysis were

th

relatively closer in respect of Byadagi market (Table 2).
ANN model was better than the other modelsin respect
of Nagpur market (Table 3) Najafi et al. (2007) reported
that ANN had the lowest error in prediction of prices of
different commodities. ARIMA wasthe better model with
regard to Virudhunagar (Table 4).
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