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Abstract

In this study, time series analysis was aimed using horse count data for the period 1961-2019 in the United
States of America.lt was observed that the series became stationary after the first difference was taken.Model
predictions were made from previously tested models whose parameter predictions were significant and
Bayesian Information Criterion (BIC) values were the lowest. The most optimum prediction model defined for
the horse population is the one called ARIMA (1,1,0) which is an integrated autoregressive model with a first
degree. According to this model, it is predicted that the number of horse will increase continuous between the
years 2020-2025 in USA and the number in 2020 will be 10 808 326 and 11 463 026 in 2025.
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I.  Introduction

The equine animal, which is a member of the genus Equus (Lat. Equidae) in the equine family, is
called a horse. Other members of the genus Equus are Wild Donkey (Lat. Equusferus), African Wild Donkey
(Lat. Equusafricanus), Onager 'Asian' Donkey (Lat. Equushemionus), Kiang (Lat. Equus kiang), Grévy's Zebra
(Lat. Equus strike), Burcell's 'Plain' Zebra (Lat. Equusquagga) and Mountain Zebra (Lat. Equus zebra) [1].

People have utilized horse's meat, milk and power. The horse's abilities such as transportation, tillage
and the fast movement in war have made horses indispensable for human beings. Due to their skills in pacing
horse breeding, the Turks gained an advantage in the wars and were successful. Until recently, there were
cavalry units in Turkey. There are still cavalry units to maintain order in many developed European countries.
Before mechanization, the horse's power was used in tillage and travels [2].

Horses of different breeds have various characteristics. Arabian horses are extremely durable. They can
walk 80 km a day for 3-4 months, and walk for 1-2 days in the desert without any water [3]. The English horse
is a fast walking, strong, solidly built, durable breed. They have a high build which provides them with high
running ability. The withers height is around 165-170 cm [3]. The Midilli horse has a very small build. Withers
height is around 116-120 cm. Ponies' head is short and coarse, their neck is short and strong, their chest is thick,
their waist and rump are short, their legs are short and strong. In Turkey, Midilli horses are bred in the Ayvacik
district of Canakkale and they are called the AyvacikMidilli [4].

According to FAO data, the total number of horses in the world is 59 041 725 in 2019. The USA ranks
first in the world with 10 702 799 horses, Mexico is in second place with 6 382 699 and Brazil is in third place
with 5 850 154 [5].

This study's aim is to model and predict horse existence with time series in the United States of
America, with the highest breeding rate in the world.

Il.  Material and Method
The material of the research is 1961-2020 number of horses values supplied from the Food and
Agriculture Organization of the United Nations [5]. The dependent variable was number of horses 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 time series analysis method.
ARIMA Models
A pth-order autoregressive model AR(p) model is point out as [6].

Ve=CH 1Y+ Qyen+ o+ dpyep e

AR(p) model uses a linear combination of past values of the target to make forecasts. A gth-order moving
average process, expressed MA(q), is indicated by [7].
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ARMA(p,q) model composed of apth-order autoregressive and gth-order moving average process and it is
showed by [8].

Ve = G1Ye1+ Pyt + ¢p3’t—p +e—b61e 1 — e 5 — - — eqet—q

In order for time series models to be applied, series must be stationary and white noise [9].
BIC is defined as:
BIC = —2log(L) + log(N) K
Where L is the maximum likelihood, K the number of parameters to be estimated in the model, and N the
sample size [10].

I11.  Results and Discussion
The graph presenting the number of horses bred in the USA in the 1961-2019 period is given in Figure 1.
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Figure 1. Number of horses in the USA between 1961 and 2019

When the graph presenting the number of horses is examined in Figure 1, a trend is seen. In order to
see this trend more clearly, autocorrelation (ACF) and partial autocorrelation (PACF) graphs of the series were
examined. In the ACF and PACF graphs, it is noticed that there is a trend in the series and it is not stationary. To
make the series stationary, its first difference is taken. ACF and PACF graphs of the series whose first
difference is taken are given in Figure 2 and Figure 3, respectively.
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Figure 2. ACF plot of the 1st difference of the series

The ACF graph in Figure 2 shows that the series is stationary. Because after the 2nd delay, the lag values were
seen to be within the confidence limits.
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Figure 3. PACF plot of the 1st difference of the series

When Figure 2 and Figure 3 are evaluated together, the lag values in the ACF graph rapidly approached
zero after the 2nd lag. On the other hand, in the PACF graph, the lag values rapidly approached zero after the 1st
lag. The proximity to zero in the PACF graph occurred faster. Therefore, the ARIMA (1,1,0) model was deemed
appropriate. However, in both ACF and PACF graphs, the lag values' proximity to zero obtained after
significant lags, are close to each other. Considering this situation, ARIMA(1,1,0) and ARIMA(0,1,2) and
ARIMA(1,1,2) models can be examined comparatively. The most suitable model was selected according to the
values of the goodness of fit. Information regarding the goodness of fit statistics is presented in Table 1.
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Table 1. Goodness-of-fit statistics for different models

Statistic ARIMA(L,1,0) ARIMA(0,1,2) ARIMA(L,1,2)

R-squared 0.989 0.989 0.989
RMSE 270686.553 273179.634 273894.134
BIC 25.157 25.246 25.321

In Table 1 R? values are equal in all models. The ARIMA(1,1,0) model with the smallest RMSE and BIC
statistics is the most suitable model.

Parameter estimation and prediction results will be evaluated with ARIMA(1,1,0), that is, the first-order
integrated autoregressive time series model. Parameter estimation of the ARIMA(1,1,0) model is given in Table
2.

Table 2. ARIMA Model Parameters

Estimate SE t p
Constant 136634.42 67606.45 2.021 0.048
AR(1) 0.485 0.116 4.166 0.001

Ljung-Box Q=3.607, p=0.999

As seen in Table 2, the parameter coefficient of the model was found to be statistically significant
(p<0.001). Since Ljung-Box Q=3.607 and p>0.05, the model is sufficient. Therefore, the model was found to be
suitable. When the distribution of error terms in Figure 4 is examined, all error terms are found to be within
confidence limits. Therefore, the series is white noised. According to the ARIMA(1,1,0) model, predictions
were made for the years 2020-2025 and the results are presented in Table 3.
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Figure 4. ACF and PACF plots of residual terms
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Table 3. Forecast of the number of horses in the USA by years
Years 2020 2021 2022 2023 2024 2025

Forecast 10 808 326 10 929 884 11 059 212 11 192 305 11327 223 11 463 026

As seen in Table 3, an increase is expected in the 2020-2025 period. It is estimated that the number of horses
will be 10 808 326 in 2020 and this will be increased to 11 463 026 by the year 2025. Observed and estimated
horse numbers by years are in harmony (Figure 5).
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Figure 5. Distribution of observed and estimated values by years

Regarding time series models in livestock, the number of pigs [11], mules [12], camels [13], donkeys
[14], the milk yield in ovine animals [15], the presence of ovine animals [16] and honey production amount [17]
was studied and predicted. However, all of the mentioned studies were conducted for Turkey.

V. Conclusion

In this study, the series regarding the horse existence in the USA for the period 1961-2019 is not
stationary however it becomes stationary after the first difference is taken. As a result of time series analysis, the
most suitable model was determined as ARIMA(1,1,0). In line with the determined ARIMA model, a prediction
regarding the number of horses until 2025 was made. According to the forecast results, the expected number of
horses in 2022 is 11 059 212 which by the year 2024 will be increased to 11 327 223 and by the year 2025 to 11
463 026 . As a result of this, the number of horses in the USA will increase continuously in the coming years
and will gain significant momentum. This is necessary in terms of the contribution the horse population will
provide to the country's economy and maintaining its position in the world countries ranking.
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