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ABSTRACT

The aim of this study is to make a production plan
by using artificial neural networks (ANN) and time
series analysis for establishing appropriate models
and forecasting the mule population in Turkey over
the years.

The years parameter was used as an input
parameter in the development of time series
analysis and artificial neural network, and the
number of horses was used as an output parameter.
Mean square error (MSE) and Mean Absolute Error
(MAE) statistics were used to calculate the
efficiency of the developed model. According to
the results obtained, there will be a slow increase in
the number of horses from 2021 to 2025.

It has been observed that ANN models outperform
time series analysis in predicting horses population.
Keywords: Artificial neural network, time series,
forecasting, horses.

l. INTRODUCTION

Turkey, due to its climate and the
important role of horse in our culture, has a large
number of warm-blooded horses. Turkey has a
considerable  amount ~ of  Arabian and
Thoroughbreds as well as at Haflinger, Irish
Hunter, Anglo-Arabian, Hanoverian, Holstein,
Akhal-Teke and Kabardin horses. In addition to
these breeds, there are various types of horses such
as Anadolu, Araba, Canik, Cirit, Cukurova,
DoguAnadolu, Himis, Karacabey, Karakagan,
Malakan (Ardahan), EgeMidillisi, Rahvan, Trakya
and Uzunyayla that are used for many years in the
different regions of Anatolia (Yildirim, 2014).

According to TSI (Turkish Statistical
Institute) records of the year 2017, Kars, Erzurum,
Van, Agri,Musand Ardahanprovinces in Eastern
Anatolia Region has the biggest share of the horse
population in Turkey. The total number of horses in
these 6 provinces are22149 and their total share

(90007) is 24.61% in Turkey. Sanliurfa province is
in the first place in Turkey with 7347 horse
presence. This province is followed by Kars with
6036 and Erzurum with 5226 (TSI, 2020).

The first scientific writing named
“Hippike” regarding horses' body structure and
military use was written by Xenophon (445-354
BC). The first quantitative approach in this topic
was carried out by Bourgelat, who had been
working on the body sizes of horses, in the 18th
century. In the other scientific studies performed in
the early 19th and early 20th centuries, joint angles
in the legs have been taken into consideration
(Bokor, 2011).

Body sizes are also a good indicator of
reflecting horses' postnatal development and are
closely related to the horse's performance. For this
reason, body structure appropriateness and body
sizes are of vital importance. In addition, the body
structure determines the expected form of function
from the animal (Arpacik, 1999, Akcapinar and
Ozbeyaz, 1999).

Body sizes that reflect horses' body
structure ideally are the general characteristics of
appearance such as withers height, chest girth and
cannon bone circumference measurements. The
general appearance is one of the most important
factors taken into account in selection studies
(Bayram et al., 2005). The withers height of
purebred British horses whose development has
been completed is reported as between 160-170 cm
(Demir, 1997; Arpacik, 1999). The average withers
height values of the purebred British horses bred in
America, Australia, England, India and New
Zealand have been determined as follows
respectively; 131.2-135.4 cm in 6 months; 144.2-
147.8 cm in 12 months and 151.2-156.0 cm in 18
months (Brown-Douglas and Pagan, 2009).

There are some studies carried out with
regards to the body sizes of the horses (Dogan et
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al.,, 2002; Bayram et al., 2005; Kaygisiz et al.,
2011; Yilmaz and Ertugrul, 2014, Celik et al.,
2014; Celik et al., 2015; Duru et al., 2017).

The present study goals to model the
number of horses in Turkey using time series
analysis and the artificial neural network method
and to make predictions for the coming years.

1. MATERIALAND METHOD

MATERIAL

The material of the study is 1961-2020
number of horses values supplied from the
www.tuik.gov.tr web address of Turkish Statistical
Institute (TSI, 2020) and Food and Agriculture
Organization of the United Nations (FAO, 2019).
The dependent variable was number of mule
figures while the independent variable was year
series. These variables were selected in order to be
able to make reasonable estimations with the
models to be performed using ANN and time series
analysis methods.

METHOD

ARIMA Models

A pth-orderautoregressive modelAR(p) model is
point out as (Cooray, 2008).

Vi = C+ d1Ye—1 + Gy + 0 + ¢th—p + e

AR(p) model uses a linear combination of past
values of the target to make forecasts.
A qgth-order moving average process, expressed
MA(q), is indicated by (Cryer, 1986).

Ve = —6181 — 06 — - —0ge_q + &

ARMA(p,q) model composed of apth-order
autoregressive  andqgth-order moving average
process and it is showed by (Hamilton, 1994).

Ve = O1¥i—1 + O2¥e—z + - + dpyep + =018
— ezet—z — eee — eqet_q

In order for time series models to be applied, series
must be stationary and white noise (Kadilar and
Cekim, 2020).

Artificial neural networks (ANN)

The artificial neural network (ANN)
consists of numerous interrelated simple processing
elements called neurons. These neurons take on
input signals from the environment. The signals are
transformed by connecting weights and through a
process of training, the neurons get activated by

transfer functions to give a desired output (Pujol
and Pinto, 2011; Schmidhuber, 2015).

ANN, which is a computational
intelligence technique has been found to be more
efficient than the standard empirical models.
Neural networks have been very effective for
modeling and for characterization of complex
systems for a number of applications(Afrand et al.,
2016; Meruelo et al., 2016).

One of the most common used type of
ANN is the feedforward network. The architecture
of a feedforward neural network is nonlinear.
Therefore, the output is obtained from the input
through a feedforward arrangement. The multi-
layer perceptron (MLP) is a type of feedforward
neural network, consisting of input, hidden and
output layers (Beale et al., 2011; Moghaddam et al.,
2016).

The used activation function in
configuration of ANNs in the study is Hyperbolic
tangent sigmoid function (Bouabaz and Hamami,

2008).
2

=iy~

Normalization method standardizes the
values of the input variables. Min Max
normalization:Implements a linear transformation
on the actual data. It normalizes the data in the
range 0 to 1 by the formula (Oztemel, 2012):

Xr — Xi - Xmax

Xmax - Xmin

Where,X;: Data value to be normalized, X"
Normalized value of X;, X.,: Minimum value,
Xmax - Maximum value.

To evaluate the precision of the predicted discharge
volume, Square Mean Square Error (RMSE), Mean
Square Error (MSE) and Mean Absolute Error
(MAE) were used (Eyduranet al., 2019; Wangand
Lu, 2018):

Y1 (i — Yip)?
n

RMSE =

2imi(yi — Yip)2
n

MSE =

n
1
MAE = =] (3 = vip)|
i=1
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Here, y; is the real value of the dependent variable
(number of pig), yip is the predicted value of the
dependent variable (number of pig) and n is the
number of samples.

1. RESULTS AND DISCUSSION
The artificial neural networks and ARIMA
method goodness of fit statistics (RMSE, MSE and
MAE) of number of mulebetween the years 1961-
2020 in Turkey are demonstrated in Table 1. The
time series graph is shown in Figure 1.
Table 1. Model performance values

Fit Statistic |[ARIMA(3,1,0) |ANN
MSE 2941173.550 [1210524.639
RMSE 1714.985 1100.238
MAE 1247.491 828.814
2000000
1300000
2 1909 [0
g

5000 L0

Considering Table 1, when the time series
analysis and artificial neural network methods are
compared according to square mean square error
(RMSE) values, MSE and MAE, artificial neural
networks (ANN) with minimum RMSE, MSE and
ME values (RMSE=1100.238, MSE=1210521.639
and MAE=828.814)are the most suitable
model. The hyperbolic tangent function was used as
activation function when creating a model with the
ANN method. The number of neurons in the input
layer, the hidden layer and the output layer was
determined as 12-12-1 each. 1000 iterations were
used for the ANN method in the data series
consisting of 60 observations between 1961-2020.

Date

Figure 1. Time series graph

The parameter coefficient of the time series model
modeled as ARIMA (3,1,0) is
¢ = —0.518and shown as;
(1 -B)(1+ 0.518B%)X, = e,
(1 - B)(1.518B%)X, = e,

The model was found to be appropriate
because its Ljung-Box statistics were 13.141 and p

= 0.727> 0.05. However, as the ARIMA and ANN
methods compared, it has been observed that the
ANN method had better results (Table 1). Since the
MSE, RMSE, and MAE values are lower in the
ANN method, it is much more appropriate.

The estimated and residual values are
presented in Table 2 together with the real values
of the ANN methodfor 2000-2020 period.

Table 2. Observed, predicted and residual values
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Years Actual Predicted | Residual
2000 3400 4993.590 |-1593.590
2001 3000 5197.009 |-2197.009
2002 2700 4444876 | -1744.876
2003 3595 4354.446 | -759.446
2004 7090 3443.639 |3646.361
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2005 4399 3726.773 | 672.227
2006 1934 3212175 |-1278.175
2007 1362 2131.920 |-769.920
2008 1813 2308.321 |-495.321
2009 1717 2038.106 |-321.106
2010 1896 1877.204 |18.796
2011 1558 1722.817 | -164.817
2012 1848 1801.737 | 46.263
2013 2986 2031.112 | 954.888
2014 3145 1883.979 | 1261.021
2015 2655 1729.842 | 925.158
2016 1642 1818470 | -176.470
2017 1299 1715118 | -416.118
2018 1361 1640.051  |-279.051
2019 1636 1642.608 |-6.608
2020 990 1561.826 |-571.826

The graph of the observed and estimated values obtained with ANN method ispresented in Figure 2.

Data (1043)

Actual and Predicted Graph

1961 1966 1571 1976

1981

1691 1596
Time

2001 2006

2011

2016

Figure 2. The combined graph of observed and estimated values for number of pig

In Figure 3, meantime the joint graph of
values was observed,
residual and observed values were found to be

observed and residual
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scattered free from each other and randomly. This

situation shows that

important
regarding the model are provided.
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Figure 3. Joint graph of observed and residual values
The possible 2021-2025 number of pig forecasted with ANN and ARIMA(3,1,0) are given in Table 3.

Table 3. Number of pig forecasting

Years ARIMA(3,1,00 |ANN
2021 958 1533
2022 845 1557
2023 1150 1637
2024 1167 1537
2025 1241 1566

Table 3 shows that the number of pigs will fluctuatebetween 2021-2025. The graph showing the actual and
predicted values of the number of pig is shown in Figure 4.

Actual and Forecasted Graph
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Figure 4. The joint graph of observed and estimated values
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In our study, we have obtained an appropriate
model for predicting ARIMA (3,1,0) and ANN.
Using these models, it is possible to predict that the
number of pigs in the future will fluctuate.

There are some studies in the field of agriculture
that employed artificial neural networks.

Eyduran et al. (2020), used exponential
smoothing methods with ARIMA (0,1,1), ARIMA
(1,1,0) and ARIMA (1,1,1) for the modeling of
banana production forecast in Turkey. Brown's
approach was selected as the most appropriate
method in the study of authors. In another study,
the modeling of Turkey's tobacco production has
been made by employing artificial neural networks.
In the said study, model suitability was tested
according to MSE and ME, and a fluctuating
course in tobacco production is predicted for the
2020-2025 period (Celik, 2020a). It is estimated
that there will be a fluctuating course as suggested
in this study. Another study used ARIMA models
to analyze the production amount of some forage
crops from 1969 to 2016, and a prediction was
made between 2017 and 2025. The vetch plant was
modeled as ARIMA (0,1,1) (Agirbas et al., 2019).
As a result of time series analysis of the 1950-2010
period peanut production in Turkey, The ARIMA
(0,1,1) model was obtained and the prediction
between 2016-2030 was made according to this
model. According to the prediction results, it was
estimated that the amount of peanut production will
increase in the period (Celik et al.,, 2017). ANN
was used to model the production quantity of
orange, tangerine, chickpea, and lentil plants
(Celik, 2019a, Celik, 2019b, Celik, 2020b, Celik,
2020c).

V. CONCLUSION

The number of pigs in Turkey was
estimated by employing artificial neural networks
and ARIMA models in this study. The input
variables are the years (1961-2020), one
independent variable, and the number of pigs as the
output variable. For the next stage, the preparation,
testing and verification processes of the network
were carried out and the estimation process was
carried out.

The results point out that the proven ANN
method provides better estimates than ARIMA
models. This is also supported by the low RMSE,
MSE, and ME values in the preparation, testing,
and verification phases.

Considering the prediction of the number
of pigs, the said figure, which was 990 in 2020, is
predicted to increase by 58.18% and reach 1566 in
2025. In the 2021-2025 period, there will be both

an increase and a decrease. In other words, it is
expected that the number of pigs would fluctuate.

In general, when compared to time series
analysis, artificial neural networks are more
effective in predicting available data. It is noted
that good results in agriculture can be obtained by
comparing artificial neural networks and alternative
approaches in future prediction studies.
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