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Abstract

The analysis of observed data at different time points is prominent to single
problems when the scientist studied random sampling data over time restricts the
applicability of many traditional statistical methods that require random sampling.
The analysis of this data is usually mentioned to the stochastic process, in a special
case, if it relates to time, then it is called time series [1]. The aim of our study is to
focus on the case of observations that are made at certain times of the year, specifically
in the autumn season, in equal periods of time, and we estimate the effect of
interference on wheat prices n order to obtain the best predictive model and the best
order of this model for the overall effect on the price of wheat for the coming years.

Keywords : - Time series; Smoothing; Forecasting; Seasonal; Stationarity;
Autoregressive (AR); Moving Average Model (MA); ARMA.
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1- Introduction

The purpose of this section is to introduce the aim of this study and some basic concepts and
definitions to get a full understanding of the study.
1.1  The aim of this study

The study aims to provide an adequate analysis of wheat price data in dollars to give future
predictions for these prices.

1.2 Time Series

It is a phenomenon that is represented by a mathematical model of a stochastic process {x;}
consisting of a family or a sequence of variables with the index t symbolizing time because t
belongs to the indicative group T, which may be a continuous set of observations —co < T <
o , so it is called a continuous time series. For example the river flow, temperatures, and
concentration of an element in a chemical reaction. The indicative group T can also be in a
discrete set T = 0, +1, +2, .., so it is called discrete time series, for n examples, the population
of a particular city, production of a company , and exchange rates between two different
currencies that means the observations may be continuous or discrete set.[1]

There are amount of effects elements that are noticed in time series. The greatest significance
of these elements can be seen in [2]:

Table 1: Elements of time series

S{ygleleliallnlef | The perceived (Y;) are expected as the outcome of noise rates (&) that are added to polluting
a smooth indication(IT;).
i =1 + &

Modeling We can wish to progress a regular mathematical simulation that will explain the observed
model of (X;, X5, ...) this pattern may depend on unidentified parameters and these will
essential to be assessed.

SolEles s - On this observation (X3, X5, ..., X7), We may ask to predict any value of Xr..p, it will be (P >
1), and it probably makes a proposal for the uncertainty in predicting.

Control We can interfere with the procedure that makes values (X;) in such an approach that the
possible values change to produce a favorable result

The time series is supposed to be affected by four main components that affect the observed
data, which are as follows:[1]
e Trend: It means the general tendency of the series to increase or decrease on the x — axis
e Seasonal: Seasonal changes are fluctuations within a year or during the season.
¢ Cyclical Variation: It describes the periodic variance in the time series over the medium term
in the successful series according to the conditions that are repeated in cycles.
e Irregular Components: The lack of regularity in a series of times is the result of unprecedented
effects and it is neither condemned nor emanating in a certain pattern and these differences are
caused by other signed incidents.

1.3 Stationarity and Non-Stationarity

It is a characteristic of coincidences, which is based on the assumption that the coincidence
process is in a state of statistical balance, and it is said that the coincidence process {x;} "strictly
stationary" if the random variables (x;,,x¢,, ..., %) and (x¢, ., » Xt » 0 Xt,,,,) hAVE the
same distribution of joint probability to any k € N and m € Z, which is a rare or a weak
condition in our work in practical. Therefore, studies are directed and paid attention to a state
of stability with a satisfactory, and the weakness of complete stationarity. The weak stationarity
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or the process {x;} is stationary from the rank m can be defined as follows: If the joint moment
function is from the rank m for the vector < x4, x,, ..., x;, > equal and exists to the same vector
after h of steps < x14n, Xo4n, -» Xg4n > forany k € Nand m € Z.

The stability of the time series requires the second rank, namely the following two basic
conditions:
e Stationary in the mean, it is one of the weak stationary conditions E(x;) = u =
constant for all t.
e The variance is fixed to all the values of ¢.

In contrast to these two conditions, the series is considered unstable. It is indicated that most
of the series is unstable, and its instability occurs in different ways. It is possible that the time
series is unstable in mean or variance, or both [3].

It is clear that not all time series that we encounter are stationary, although many time series
are related in simple methods of stationary series to two important cases: Firstly, the trend
models detect a set of deterministic trends and constant noise. The usual form of this model is
x; = fo + Bt + €. Secondly, the integrated models which are the observation time series
Xepq1 + X = €41 Where (&) is stationary series. The main pattern which is important in this
case is a random walk [4].

1.3.1 Autoregressive (AR)

An autoregressive (AR) model forecasts future behavior established on past behavior. It is
operated for forecasting while there is some correlation among the values in a time series and
the values which lead to and accomplish them. We only use historical or previous data to expect
the behavior, therefore the identify autoregressive (AR). The process is essentially a linear
regression of the data in the present series versus one or more previous assessments in the same
series [5].

In an autoregressive (AR) model, the rate of the result alterable ( x ) at a certain theme (t)
in time is a similar "regular” linear regression that is straight associated with the forecaster
variable(y). Where the regular linear regression and the autoregressive (AR) models vary that
means (x) is dependent on (y) and preceding rates of (x) [5].

The autoregressive (AR) procedure is a sample of a stochastic method, which has grades of
indecision or uncertainty built in. Autoregressive (AR) models are also named as following
conditional methods, Markov methods, or transition methods [4].

In 1926, Yule was considered one of the first researchers to study the stationarity time series.
He studied the model of regression and the complete world of Walkers in 1931 to reach the
world model of Auto-regression. The general formula for order (p) of this model is AR(p) [3].

The AR(p) model is described by the equation:
xt = blxt_l + -+ bpxt_p + Zt (1)

Where by, b,, ..., by, are the parameters of the model and z, is a white noise process. There
are countless developed cases of this model, for example, Fourier's autoregressive model.[14]
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1.3.2 Moving Average Model (MA)
The stochastic process {x; } is said to be a moving average model of order (q) and is denoted
by MA(q) if the equation below is satisfied:

Xt =T + Z + 191Zt—1 + -+ 19CIZt—CI' (2)
Or it can be written the equation (1.3.2) as follows:

x; =T+ 0(B)z.
Where B is a shift operator, T is arbitrary constantand 6(B) = 1+ ¢,B + -+ 9,B9.  [6].

It is stated that the stability of the model according to the Wold is always satisfied because
0(B) is a polynomial[8]. However, Hamilton says that the inevitability of the model must be
checked by checking whether the roots of the polynomial 6(B) lie outside the unit circle that
means there is no condition for stability but it is limited by the condition of reversibility. [7]

1.3.3 Auto Regressive - Moving Average Models (ARMA)

The time series {x, } of the autoregressive model and the moving average of order (p, q) can
be defined as a linear combination of the autoregressive model of the order p AR(p) and the
moving average of order (q) MA(q) .Its equation can be written as:

.xt = blxt_l + -+ prt_p + T91Zt_1 + -+ ﬁth_q + Zt (3)
Where z,~iid N(0, 0®) and (aj, a, ..., ap, 81, 85, ..., B4) are constants[6].

The best example of scaling the autoregressive moving averages model (ARMA) is the
autoregressive model integrated moving averages model which is known as (ARIMA), and the
general formula of this model of order (p, d, q) is ARIMA(p, d, q) which is described by form.

[6].[13]

p q
1— ) a;B'|(1=B)%x, =1+ ) BB/ |z, 4)
o) 2

i=1

so that g, d and p are integers greater than or equal to zero and refer to the autoregressive,
integral and moving average parts of the model, respectively. [6]

1.4 Prediction in time series
After validating the suitability of the model, it finds a prediction of the studied data, in
particular, phenomenon in the future values.

1.4.1 Exponential smoothing

The subject of the exponential smoothing of important statistical and semantic procedures
that address confusion or random errors may be defined as a process of refinement of data that
is confusing, and it is a type of estimation process that has proved successful in many cases.
Therefore, one of the most important methods in predicting time series is considered. The
double exponential smoothing (DES) model is one of the methods that study the prediction
under the exponential smoothing list. It gives the previous observations weights of unequal
values, as these weights are decreasing exponentially from the most recent data points [9].

The double exponential smoothing model is described by the following equation:
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V=(2+=1)si- (1+=1) st

Where S7 is the local smoothing level in time (t) and S{’ is the smoothing level in the general
direction of the time series.

1.4.2 Intervention

Suppose that at the time t = T, where T will be recognized, there was interference towards
the time series. By intervention, we mean a change in the procedure, law, politics, etc., which
aims to change the values of the x; chain. We need to assess the amount of intervention that
changed the series (if any). For the sample, assume that the region has created a new maximum
speed on its roads and requirements to learn the amount of the new limit that guarantees accident
rates [10].

The intervention analysis in the time series is raised to the analysis of how to mean the level
series after the intervention, as soon as the ARIMA structure is expected the x, series that keeps
them before and after the intervention.

Overall Intervention
Model
Assuming that ARIMA model for x; (The monitored series) with no intervention is
6(B) .
Xt — U= %wt-

Where w, is the usual assumptions on error storage, 6(B) and @ (B) are polynomials of MA
and AR, respectively.

Let Z,is the amount of change at the time due to the intervention. By definition, we have
E(Z;) = 0 before the time T (Intervention time).
The value of Z, may or may not be zero after time T[10]. Then the general model, including the
effect of the intervention, maybe a pattern as follows:

xt_#:Zt'i'_d)t.

2. Methodology

The effect of the intervention by using the mean absolute deviation (MAD), the mean square
error (MSE) and mean absolute percentage error (MAPE) of the wheat product in our paper is
stuied. Annual data of wheat prices were obtained from site Federal Reserve Bank
(www.fred.stlouisfed.org) in period of (Jan 1980 - July 2017) [11].

2.1 The Mean square error
The sum of the mean square error is divided by the number of time series observations, it is
given by:

Y af

MSE = :
n

where a? are errors that represent the real values of the time series subtracted from the estimated
values[12].

2.2 The Mean Absolute Deviation
The sum of the mean absolute deviation of the error divided by the number of observations
of the time series, and its equation is given by:

MAD = X lal [12]

1
n
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2.3The Mean Absolute Percentage Error
Itis defined as follows:
MAPE ==L
n-m
) * 100, Y is true values, and Y{ is the estimated values.[12]

Ye-v{

where PE = ( "
t

2.4 Wheat annual prices data
The annual data on wheat prices are obtained from the site Federal Reserve Bank

(www.fred.stlouisfed.org) in period of Jan 1980 - July 2017 [11].

Figurel: Global price of Wheat (source: www.fred.stlouisfed.org )

Units: US dollars for a per-metric ton

Frequency: Annual
The value represents the standard prices that represent the global market. It is determined by
the largest source of a specific commodity. The prices are the average of the period in nominal

US dollars.

The time series is converted to (0) and (1) where the effect of the interceptor event is a

3. Data Analysis
sudden start and a temporary effect of the intervention. The intervention was of the pulse type,

where the intervention was due to the high wheat prices as shown in Figure 2.
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Time series plot of YO
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Figure 2: Time series plot of YO

Based on the computer applications of the wheat price series to obtain the values of the
impact of the intervention, which was chosen according to the criteria of Mean Square Error
(MSE = 0.194), Mean Absolute Deviation (MAD = 0,393 ), Mean Absolute Percentage
(MAPE = —6.122) and value of (¢ = 0.668).

We use Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) to
determine the suitable models as it is shown in Figure 3.
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Figure 3: (a) Autocorrelation Function for Y, (b) Partial Autocorrelation Function for Y,
While Tables 2 and 3 represent the values of Autocorrelation and partial Autocorrelation as

well as T — test values for ten lags, respectively.
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Table 2- of Autocorrelation and T — test values, and LBQ for Y,

Lags Corr T — test LBQ
1 0.63 4.11 18.17
2 0.37 1.77 24.39
3 0.29 1.32 28.48
4 0.32 1.37 33.38
5 0.34 1.41 39.20
6 0.17 0.66 40.69
7 0.19 0.76 42.69
8 0.22 0.84 45.28
9 0.14 0.55 46.45
10 0.07 0.27 46.75

Table 3-of Partial Autocorrelation and T — test values for Yi

Lags Corr T — test
1 0.63 411
2 —0.06 —0.39
3 0.14 0.92
4 0.14 0.94
5 0.11 0.71
6 0.21 —1.37
7 0.24 1.58
8 —0.03 —0.23
9 —0.10 —0.64
10 —0.03 —0.17

Figure 3 shows that the time series was the (AR1) model and the coefficients of the selected
model were estimated by the program. The value of (& = 0,668), which has the lowest value
of (MSE = 0.14609 ), where the intervention model is as follows:

Yt=WPiT

Where Y, outcome of the intervention, W unknown information value, and P/ Pulse
function.

For the purpose of checking the suitability of the selected model, we draw the Partial
Autocorrelation Function (PACF) for errors as in Figure 6.
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Figure 6: Partial Autocorrelation Function (PACF) for errors

4. Conclusion

+¢+ The best model that is obtained for prediction is AR1.

+ The value of (& = 0,668), which has the lowest value of (MSE = 0.14609 ).
+¢ the intervention model is as follows:

Yt = WPiT
<> From the plot of the Autocorrelation Function (ACF) and Partial Autocorrelation
Function (PACF) of the study and the effect of the intervention, it is shown that the series of
model AR1 was the model chosen:

Y, = (0.6680)ST

X Using some predictive parameters (MSE, MAD), it was found that the effect of the
intervention is more efficient for the AR1 model which is the best to predict the time series
because it has the least value of (MSE, MAD).
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