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ABSTRACT:

Analysis of the quantity of cow milk supplied to the industry in Turkey is one of the methods that could provide
stakeholders with the most accurate results from the perspective of raw milk projections and the interpretation of the
sector. Therefore, it is important that the amount of milk supplied to the industry is used instead of the total amount of
milk produced in the projections of the sector. The present study is intended to model the time series data of the amount
of milk supplied to the dairy industry in Turkey between 2013/01 and 2018/03 using Box-Jenkins and Winters'
Exponential Smoothing methods, and to analyse the production of milk and the future of the dairy industry in Turkey
utilising the forecasts obtained from such models. The results of the analyses indicate that the Winters' Exponential
Smoothing model gives more consistent results than the Box-Jenkins model with respect to the future forecast value and
decision-making criterion of the amount of milk supplied to the industry.

Tiirkiye’de sanayiye aktarilan siitiin Box-Jenkins ve Winter’s Ustel Diizgiinlestirme
yontemleri ile modellenmesi

OZET:

Tiirkiye’de sanayiye aktarilan inek siitii miktar1 tizerinden gergeklestirilecek analizler, gelecege yonelik ¢ig siit
projeksiyonlar ve sektoriin yorumlanmasi noktasinda paydaslara en dogru sonucu verebilecek yontemlerden birisidir. Bu
nedenle iiretilen toplam ¢ig siit miktar1 yerine sanayine aktarilan ¢ig stit miktariin kullanimi ve bunun tizerinden bir
takim projeksiyonlarin yapilmasi 6nem arz etmektedir. Yapilan bu ¢alismayla, 2013/01-2018/03 donemleri arasi
Tiirkiye’de siit sanayine aktarilan ¢ig siit miktar1 zaman serisinin Box-Jenkins ve Winter’s Ustel Diizgiinlestirme
yontemleri ile modellenmesi ve bu modellerin 6ngoriileriyle Tiirkiye’de ¢ig siit tiretimi ve siit sektoriiniin gelecegi
agisindan analizi amaglanmigtir. Yapilan analizlar sonucunda Winter’s Ustel Diizgiinlestirme modelinin sanayiye
aktarilan siit miktariin karar verme kriteri ve gelecege yonelik kestirim degeri bakimindan Box-Jenkins modelinden daha
tutarli sonug verecegi belirlenmistir.
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1. Introduction

In Turkey, the dairy industry is one of the most dynamic branches of production among the sub-sectors of the
farming industry (1). A total of 20,699,894 tons of milk was produced in 2017. 90.64% of the milk produced is cow
milk, 6.49% sheep milk, 2.53% goat milk and 0.34% water buffalo milk (2). A significant portion of the milk produced
in Turkey is cow milk. Research has shown that 52.2% of the cow milk produced in Turkey is subjected to industrial
processes, 21.5% is used by individuals to produce dairy products, 10.5% is directly sold to non-industrial buyers, 8.2%
is consumed as milk by individuals, 5.0% is used to feed animals, 2.2% is delivered free of charge and 0.4% is used
for other purposes (3).

The amount of milk supplied to the industry in developed countries is high, as the informal economy is low
and production has a more sustainable pattern, unlike the case in Turkey (1).

In this context, various market intervention methods were resorted to in an attempt to keep the milk supply and
prices at the desired level in the developed countries. For instance, quota system was used to reduce the milk supply to
a level sufficient to meet the demand in the EU, and was employed to increase the income of raw milk producers that
did not have a sufficient level of income to the desired level in Canada (4).

The dairy industry in Turkey has some problems due to the fact that the milk supply varies by regions and
seasons and that the dairy industry and cattle breeding enterprises have a distributed structure (5).

Furthermore, the marketing network in Turkey is quite different and is generally based on intermediaries.
While this marketing chain results in increases in the price of final products, it also leads to decreased efficiency in the
procurement of milk by industrialists. Particularly, a sustainable production requires a dairy industry integrated with
an effectively functioning production sector (6).

Milk-processing companies face an uncertain production pattern in planning their production processes. This
uncertainty results in huge economic losses if it is not taken into account when planning the production (7).

The quantity of milk supplied to the industry is as important as the quantity of raw milk produced for the
production planning of such enterprises. Therefore, the projections based on the number of livestock, the quantity of
milk as well as the recorded quantity of raw milk supplied to the industry will allow us to make clearer inferences and
predictions for the future of the dairy industry. For this purpose, there is need for creation of a proper database and time
series analysis methods that enable modelling of such data (8).

While the studies conducted in recent years have focused on prediction of milk production, time series analyses
have found wide use in predicting the procurement of milk by milk cooperatives and the production of milk in the
future (9, 10, 11), the milk production by the dairy industry in the future (12, 13), the procurement of milk by milk-
processing companies (14), analysis of market prices of milk and forecast for the future (15).

The purpose of the present research is to model the time series data of the quantity of raw milk supplied to the
dairy industry in Turkey between 2013/01 and 2018/03 using Box-Jenkins and Winters' Exponential Smoothing
methods, and to appraise the models in terms of the production of raw milk and the future of the dairy industry in
Turkey.

2. Material and Methods

Data set:

The data of the research are the monthly quantities of raw milk supplied to the dairy industry between 2013/01
and 2018/03. The data on raw milk supplied to the dairy industry were obtained from relevant industrial organisations.
Table 1 shows the time series data on the quantity of cow milk supplied to the dairy industry.
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Table 1: Quantity of milk supplied to the dairy industry (tons)

Tablo 1: Siit sanayine aktarilan siit miktar: (Ton)

2013 2014 2015 2016 2017 2018
January 610.403,56 675.713,86 683.819,45 714.131,76 734.834,39 803.544,05
February 593.031,43 654.907,21 664.967,96 722.488,61 711.651,39 775.895,14
March 691.122,72 761.814,20 776.788,47 818.214,00 835.971,63 889.907,97
April 717.892,77 782.557,32 798.960,40 818.148,07 834.345,08
May 756.972,33 814.708,71 861.918,48 849.338,25 868.350,38
June 715.380,99 746.764,72 790.440,37 770.543,06 796.465,07
July 653.514,61 715.180,42 743.506,00 725.436,34 777.953,52
August 608.758,67 669.141,67 698.885,00 706.024,87 748.471,50
September  573.025,57 618.715,92 648.267,00 653.904,24 700.513,19
October 578.777,69 614.828,66 663.146,00 678.526,63 717.421,54

November 581.183,37 603.411,09 648.520,00 660.111,99 701.531,53
December 622.900,22 652.510,37 692.961,00 695.722,70 759.149,83

Analysis method:

In this research appraise the estimate made employing the methods of “Autoregressive Integrated Moving
Average” (ARIMA) and “Winters' Exponential Smoothing” in a time series analysis. SPSS 25.0 version was used for
the analysis.

Developing an appropriate model by using statistical methods and making predictions for the future may be
possible with time series. The time series is a series of observations made at periodic time intervals (16). The predictions
for the success of these series are related to the fact that the past values are stable. The margin of error of the estimates
of series showing descent-output values is very high compared to stationary series (17). The stagnation can be defined
as the "probabilistic process whose mean and variance do not change over time and whose common variance between
two periods depends on the distance between the two periods, not the period on which this common variance is
calculated." (18, 19). The most common tests used to investigate stagnation are; series “Autoregressive Correlation
Function” (ACF), “Partial Autocorrelation Function” (PACF) graphs and “augmented Dickey-Fuller” (ADF) unit root
test (20).

Box-Jenkins Method (ARIMA):

This method is in two different processes (21). The autoregressive model (AR) and the the moving average
(MA) model. Box-Jenkins method, which is a combination of two models, is expressed with ARMA model. However,
Box-Jenkins method is required to be stationary series.

In order to perform the series constant, d difference of the cow milk supplied to the dairy industry series is
taken. After, it is included in the ARMA model to acquire the ARIMA model. In time series estimate, this model is
commonly used because of its statistical characteristics as well as its structure (22).

Depending on the nature of the data available, an ARIMA model with the most convenient but limited number
of parameters is selected among the various model options. Such non-seasonal models are indicate by ARIMA (p,d,q).
In an ARIMA model,;

p- the degree of the autoregressive model (AR),
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q: the degree of the moving average model (MA),
d: the degree of the non-seasonal differences taken. The ARMA model is as given in equation [1] (21).

Ye = Z?=1 Bi€—i + Z?:l a;Ye ;i + & [1]
Equation [2] is acquire when the first difference of the non-stationary time series X t is taken.

VX, =X, —X,_, =X} [2]
If the time series X, is still not stationary, its second difference (d=2) is taken.

VX, =V(X) = X{ = X{_1 = X = 2Xe 1 + X [3]

If the series is still not stationary, the differencing is repeated until it becomes stationary. Thus, the ARIMA(p,d,q)
model is obtained (23).

X, =V, = (1_B)dYt [4]
Seasonal Box-Jenkins models are usually denoted by ARIMA[p,d,q) (P,D,Q)s.

P: the degree of the seasonal autoregression (SAR) model,

D: the number of seasonal differences taken,

Q: the degree of the seasonal moving average (SMA) model,

s: the period (18).

(1= ¢1B — $,B* — . —¢,BP)(1 — ¢1B* — ¢,B* — . =¢,B**)(1 = B)*(1 = B*)’Z, = (1 — 6,B — 6,B* -
. =0,BN) (1 — 0,B° — 0,B* — ---.—0,B¥)E, [5]

Winters' Exponential Smoothing Method

This method is used where there is both trend and seasonality in the data series at hand. Seasonality is seen in
real data and this method can be additive or multiplicative. The additive and multiplicative model equations are given
in equality [6] and equality [10] (24).

Additive model

Y (tth)=p t+b tt+S (t-p+th)+e t (6]
The updated average equation is given in equation [7].

p_t=a(Y_t-S_(t-p) J+(1-a)(u_(t-1)+b_(t-1)) [7]
The equation of the updated trend component is given in equation [8].

b t=Y(u t-p (t-1))H(1-Y)b_(t-1) (8]
The equation of the updated seasonality component is given in equation [9].

S t=8(Y_t-p_t)+(1-6)S_(t-p) 9]
Multiplicative Winters' model has a linear trend and seasonality with multiplicative parameters, and is as follows:
Y™ t=[((u) t+b tt)S (t-pth)+e t [10]
The updated average equation is given in equation [11].

pw t=a( Y_t/S_(t-p) )H(1-a)(u_(t-1)+b_(t-1)) [11]
The equation of the updated trend component is given in equation [12].

b t=Y(u t-p (t-1) )H(1-Y)b_(t-1) [12]

The equation of the updated seasonality component is given in equation [13].
S t=8(Y_t/u_t)+(1-8)S_(t-p) [13]
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3. Results

In order to forecast the amount of milk supplied to the dairy industry, time series analysis of the data on the
amount of raw milk supplied to the dairy industry between 2013/01 and 2018/03 was conducted. The time series graph
of the amount of raw milk supplied to the dairy industry and the graph of the differenced series are given in Figl.
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Figure 1: Quantity of milk supplied to the dairy industry (tons) and first differenced and seasonally
differenced time series graph
Sekil 1: Siit sanayine aktarilan siit miktari (ton) ve 1. Derece fark ve sezonsal farki alinmuis serilere ait
zaman serisi grafigi
When Figl is analysed, it can be said that there are fluctuations in the series and an upward trend with a trend.
The main reasons that prevent the series from being stationary are the presence of seasonality and trend. The ACF and
PACF graphs of the series are given in Fig2 and Fig3 for the study of stability. When the graphs are examined, it can
be said that the series is not stable because more than one delay is outside the confidence limits. Since the series is not
stationary, the logarithm was first taken and the differences between the values of the series were reduced and partially
stabilized. However, this process was applied until the series was stationary. Once the difference was taken, it was
concluded that the series stagnated for trend and seasonality. ACF and PACF graphs are shown in Fig2 and Fig3.
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Figure 2: ACF and first differenced ACF graph of the time series data on the quantity of milk supplied to the dairy
industry
Sekil 2: Siit sanayine aktarilan siit miktarina ait serinin ACF ve 1. Derece farki alinmis ACF grafigi
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Figure 3: PACF and first differenced PACF graph of the time series data on the quantity of milk supplied to
the dairy industry
Sekil 3: Siit sanayine aktarilan siit miktarina ait serinin PACF ve 1. Derece farki alinmis PACF grafigi

It is seen in Fig2 and Fig3 that ACF and PACF graphs are observed when two delays exceed the confidence
limit and the other two delays are close to the confidence limit. According to the results, these values can be neglected
and it can be said that the series is still stationary. Stability analysis of the series was also performed using the extended
ADF unit root test. According to the ADF test before the difference, the series is said to be non-stationary (t = -0.254;
p = 0.954) and after the difference, the series is said to be stationary (t =-14.258; p = 0.001). While trying to form an
appropriate model by making use of these processes, several different models have been tried and the most suitable
model for the amount of raw milk transferred to the dairy industry is SARIMA (0,1,0) (0,1,1).
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Figure 4: Forecast of the quantity of milk supplied to the dairy industry by the Box-Jenkins model
Sekil 4: Yillara gore siit sanayine aktarilan siit miktart Box Jenkins modeli ongorii grafigi
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Table 2: Forecast values of the quantity of milk supplied to the dairy industry in the Box-Jenkins models (tons)

Tablo 2: Box Jenkins modellerine gore siit sanayine aktarilan siit miktar: ongorii degerleri (ton)

Forecast UCL LCL
July_2018 808.627,91 780.665,63 836.590,19
August_2018 777.991,90 738.447,26 817.536,54
September_2018 729.020,93 680.588,83 777.453,02
October_2018 745.730,25 689.805,68 801.654,81
November_2018 730.466,73 667.941,16 792.992,29
December_2018 779.613,15 711.119,82 848.106,47
January_ 2019 819.240,99 745.259,74 893.222,24
February_ 2019 798.139,60 719.052,60 877.226,60
March_2019 911.766,49 827.883,94 995.649,04
April 2019 922.917,65 834.499,27 1.011.336,04
May 2019 952.824,51 860.091,89 1.045.557,13
June_ 2019 871.503,06 774.648,18 968.357,94
July_2019 839.932,90 734.274,07 945.591,74
August_2019 809.296,89 695.513,27 923.080,51
September_2019 760.325,92 638.960,21 881.691,63
October_2019 777.035,24 648.534,04 905.536,44
November_2019 761.771,72 626.510,93 897.032,51
December_2019 810.918,14 669.219,86 952.616,42
January_2020 850.545,99 702.690,23 998.401,75

Table 2 and Table 4 show the forecast values of the amount of milk to be supplied to the dairy industry until
2020. The amount of milk supplied to the dairy industry has an increasing trend.

Table 3: Model fit criteria for the Box-Jenkins model

Tablo 3: Box jenkins modeli model uyum kriterleri tablosu

Model Fit statistics Ljung-Box Q(18)
Model Stationary R- Normalized
RMSE MAPE MAE MaxAPE MaxAE Statistics DF  Sig.
R-squared  squared BIC
Amount of
milk
transferred
0,136 0,967 14379055,290 1,527  11398801,623 4,234 30282092,160 33,037 16,363 17 0,498
to dairy
industry-
model
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The goodness of fit criteria of the models are evaluated in a comparative manner. R? is a well-known measure
and a measure of goodness of fit for the linear model, frequently referred to as the coefficient of determination. It ranges
from 0 -1, and small values show that the model does not fit well into the data. The stationary R? is a measure comparing
the stationary part of the model with the basic model. It is preferred where there is a trend or a seasonal pattern. RMSE
is the square root of the mean of the error squares. It is used to express how different the dependent series is from the
level predicted by the model. Smaller values indicate better model estimates. MAPE shows the mean absolute
percentage error and is independent of the units of the series, so it can be used to compare different series. The MAE
represents the mean absolute error and is expressed in units of the series itself. MaxAPE is the highest absolute percent
error measure. It represents the highest error that occurs among the estimated values, expressed as a percentage and is
therefore unit independent. Estimates are a measure that can be used for worst-case applications. MaxAE indicates the
highest absolute error and is expressed in the same unit as the slave series. The BIC, the normalized “Bayesian
Information Criterion”, is a general measure of the total fit of the model. This measure is used to compare between
different models in the same series, and lower values indicate a better model (25).

Looking at Table 3, it is clear that the quantity of raw milk supplied to the dairy industry is statistically
significant is the Box-Jenkins model (p<0.05). MAPE value indicates that the series have quite usable forecasts.

Then, the quantity of raw milk supplied to the dairy industry was predicted using Winters' Exponential
Smoothing Method, one of the exponential smoothing methods. Table 4 and Table 5 illustrate the forecast values until
2020. It is clear that the quantity of milk supplied to the dairy industry has an increasing trend.
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Figure 5: Forecast of the quantity of milk supplied to the dairy industry by the Winters' Exponential
Smoothing model (tons)
Sekil 5: Siit sanayine aktarilan siit miktarina ait Winter Ustel Diizgiinlestirme modeli ngorii grafigi (ton)
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Table 4: Forecast values of the quantity of milk supplied to the dairy industry in the Winters' exponential smoothing

models (tons)

Tablo 4: Winter iistel diizgiinlestirme modellerine gére siit sanayine aktarilan siit miktar: 6ngorii degerleri (ton)

Forecast UCL LCL
July_2018 804.225,56 777.161,16 831.289,97
August_2018 757.177,94 724.299,80 790.056,08
September_2018 696.474,87 659.622,69 733.327,04
October_2018 706.530,29 664.378,75 748.681,83
November_2018 689.127,27 643.370,92 734.883,62
December_2018 739.424,70 687.057,82 791.791,59
January_ 2019 781.704,49 723.361,53 840.047,44
February_2019 766.012,77 705.522,39 826.503,16
March_2019 890.549,36 818.475,92 962.622,79
April 2019 907.276,48 831.495,06 983.057,91
May 2019 948.971,71 867.670,96 1.030.272,46
June_ 2019 873.012,84 795.499,28 950.526,41
July_2019 835.532,87 756.589,90 914.475,84
August_2019 786.558,44 709.327,38 863.789,51
September_2019 723.412,82 649.134,76 797.690,88
October_2019 733.769,37 656.168,46 811.370,29
November_2019 715.610,32 637.348,50 793.872,14
December_2019 767.749,97 682.277,73 853.222,20
January_2020 811.554,08 719.715,49 903.392,68

Table 5: Model fit criteria for the Winters' exponential smoothing model

Tablo 5: Winter iistel diizgiinlestirme modeli model uyum kriterleri tablosu

Model Fit Statistics

Ljung-Box Q (18)

Model

Stationary R-  R- RMSE MAPE MAE MaxAPE  MaxAE Normalized | g iics  DF  Sig.
squared squared BIC
Amount of
milk
transferred 0,164 0,976 13543438,852 1,399 10337905,872 4,105 31049802,192 33,033 26,487 15 0,033
to dairy
industry-

model

Looking at Table 5, the MAPE value is 1.399. In this case, the MAPE value of 1.527 obtained from the Box-
Jenkins model (SARIMA (0,1,0) (0,1,1)), as shown in Table 5, is higher than that acquire from the Winters' Exponential
Smoothing model. The results of the analyses indicate that the Winters' Exponential Smoothing model gives more
consistent results than the Box-Jenkins model with respect to the decision-making criterion.
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4. Discussion and Conclusion

In an assessment of the problems of the industrial production in Turkey, it was stated that the major problem
of the dairy industry was related to the market structure and the lack of organisation (26). The current problems of the
industry make it impossible to supply the entire amount of milk produced to the industry.

52.2% of the milk produced in accordance with the requirements issued by the Union of Chambers of
Agriculture of Turkey is used in the industry (3). The present study has found that the ratio of the milk supplied to the
industry to the total amount of raw milk produced was the lowest in 2013 (42.26%) and the highest in 2016 (47.66%).
Incentives and policies aimed at ensuring the produced milk is registered need to be implemented so that this ratio can
be increased. Furthermore, the present study has found that the seasonal supply of milk to the industry in Turkey peaks
in May and bottoms out in February. The peaking of the milk supply in May in Turkey is also consistent with the results
of other studies and reports (1, 27). The sustainability of the dairy industry in Turkey is only possible if proper planning,
reasonable investments and revolutionary policies that the industry needs are implemented.

In this context, there is need for creation of a proper database and time series analysis methods that enable
modelling of such data so that rational policies for the livestock sector can be prospectively formulated (28). In order
to achieve it, production projections for the sub-sectors of the livestock industry should be carried out and appropriate
models should be developed for each product.

Various methods such as artificial neural networks (29), stochastic programming (30) and different regression
models (31) have been used in predicting the milk production in the future.

As milk production was addressed, the present study used the SARIMA (0,1,0) (0,1,1) model obtained from
the Box-Jenkins method and the Winters' exponential smoothing model, which is dependent on both trend and
seasonality. The Winters' exponential smoothing model explains the data better, as it has a higher R* and lower RMSE,
MAPE and MAE values than SARIMA (0,1,0) (0,1,1) model. Estimation with an MAPE rate below 10% are considered
good forecasts, thus making it necessary to compare the two models in this scope (32, 33, 34, 35, 36).

The MAPE values of the SARIMA (0,1,0) (0,1,1) model and the Winters' Exponential Smoothing model were
found to be 1.527 and 1.399, respectively. The MAPE values of both models suggest that their forecasting accuracy is
sufficient. While both models are suitable for forecasting, Winters's exponential smoothing model can be preferred to
the SARIMA model, as its MAPE value (1.399) suggests better forecasting performance.

Looking at the forecasts by both models, it is possible to say that there is an increasing trend. That is, it is
predicted that the quantity of raw milk supplied to the industry in Turkey will increase within the scope of the
seasonality relationship, and will reach a value between a minimum of 719,715.49 tons and a maximum of 903,392.68
tons in January 2020 according to the Winters' exponential smoothing model (Table 4). However, the recent cost-
related problems and the decreasing number of dairy cows may lead to deviations in the time series data, and thus in
the forecasts.

A study forecasting the future milk supply to the dairy cooperatives in the UK reports that Holt-Winters' (HW)
seasonal model and seasonal autoregressive integrated moving average model (SARIMA) generate forecasts that
contain less than 3% error (9).

The forecasts of the future milk supply to the milk-processing companies in Norway, based on the data between
January 2001 and December 2010 were tested using HW and SARIMA models. The two time series models were
compared with a model based on expert opinions and a model based on previous monthly quantities. The study
underlines that the combination of the two time series models and the model based on expert opinions generates reliable
forecasts for a period of two years (14).

A study conducted in India found that the optimum ARIMA model for milk production forecasts was ARIMA
(1,1,0) and calculated the R? value to be 0.96, RMSE value 227.534 and MAPE value 4.491 (37).

It is important to implement rational policies as described below so that the problems of the dairy industry in
Turkey can be overcome. In this context, the production structure of the dairy industry, most notably the costs, should
be given a sustainable character in terms of marketing and quality. To that end, policy makers and the industry need to
regularly carry out projections for the quantity of milk to be produced in the future and determine beforehand the
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quantity of milk to be produced and processed. If they do so, the dairy industry can have a sustainable structure with
planned and organised production.

References

Akin AC (2016): Tiirkiye siit sanayi isletmelerinin analizi ve sektore iligkin sorunlarin tespiti. PhD, Ankara
Universitesi. Ankara. Tiirkiye.

2. TURKSTAT (2019): Sagilan hayvan sayisi ve siit iiretim miktari. Tiirkiye Istatistik Kurumu. Erisim adresi:
http://tuik.gov.tr/PreTablo.do?alt id=1002_Erigim tarihi: 18 March 2019.

3. TZOB (2011): Tiirkive Ziraat Odalar: Birligi Zirai ve Iktisadi Rapor 2007-2010. Aydogdu Ofset. Ankara.
Tiirkiye.

4. Kaya Kuyululu CY (2009): Siit iiretiminde arz yonetimi. Aydin ili Damizlik Sig1r Yetistiricileri Birligi Yayinlart
2. Ankara.

5. State Planning Organisation (2001): 8. Bes Yillik Kalkinma Plam Gida Sanayii Ozel Ihtisas Komisyonu Raporu
Siit ve Siit Uriinleri Sanayii Alt Komisyon Raporu. Ankara. Tiirkiye.

6. Giinlii A (2011): Avrupa Birligi uyum siirecinde Tiirkiye siit sektoriinde sorunlar ve ¢oziim onerileri. AB Uyum
Siirecinde Tiirkiye Hayvancilik Kongresi; Ankara, Tiirkiye.

7. Guan Z, Philpott AB (2011): A multistage stochastic programming model for the New Zealand dairy industry.
International Journal of Production Economics, 134 (2), 289-299.

8. Ozen D (2017): Tiirkiye de kiigiikbas hayvan sayisinin Box-Jenkis yontemiyle modellenmesi ve ileriye yonelik
projeksiyonu, 11. Ulusal Hayvancilik Ekonomisi Kongresi Bildiri Kitabi. Antalya, Tiirkiye, 170.

9. Akter S, Rahman S (2010): Agribusiness forecasting with univariate time series modelling techniques: The case
of a dairy cooperative in the UK. Journal of Farm Management, 13(11), 747-764.

10. Arun Patil B (2015): 4 study of growth rates on milk and milk products of bijapur and bagalkoat co-operative
milk union limited (BIMUL). PhD, Professor Jayashankar Telangana State Agricultural University. Hyderabad.

11. Sankar TJ, Prabakaran R (2012): Forecasting milk production in Tamilnadu. International Multidisciplinary
Research Journal, (1), 10-15.

12. Ahmed F, Shah H, Raza I, Saboor A (2011). Forecasting milk production in Pakistan. Pakistan Journal of
Agricultural Research, 24(1-4), 82-85.

13. Deshmukh SS, Paramasivam R (2016): Forecasting of milk production in India with ARIMA and VAR time
series models. Asian Journal of Dairy & Food Research, 35(1), 17-22.

14. Hansen BG (2015): Different methods to forecast milk delivery to dairy: a comparison for forecasting.
International Journal of Agricultural Management, 4(3), 132-140.

15. Hansen BG, Li Y (2017): An analysis of past world market prices of feed and milk and predictions for the future.
Agribusiness, 33(2), 175-193.

16. Tekindal MA, Giillii O, Yazic1 AC, Yavuz Y (2016): The modelling of time-series and the evaluation of forecasts
for the future: the case of the number of persons per physician in Turkey between 1928 and 2010. Biomedical
Research, 27(3), 965-971.

17. Fischer B (1995): Decomposition of time series comparing different methods in theory and practice. Eurostat
Working Paper.

18. Gujarati DN. (2003): Basic Econometrics. (4th Edition). McGraw-Hill. New York. pp:797.

19. Yenice S, Tekindal MA (2015): Forecasting the stock indexes of fragile five countries through Box-Jenkins
methods. International Journal of Business and Social Science, 6(8), 180-191.

20. Dickey DA, Fuller WA (1981): Likelihood ratio statistics for autoregressive time series with a unit root.
Econometrica, 49(4), 1057-1072.

21. Box GEP, Jenkins GM (1976): Time series analysis; Forecasting and Control. Holden — Day Inc., USA.

22. Wickramarachchi AR, Herath HMLK, Jayasinghe-Mudalige UK, Edirisinghe JC, Udugama MM, Lokuge



60

Vet Hekim Der Derg 91 (1): 49-60, 2020

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

LDMN, Wijesuriya W (2017): An Analysis of price behavior of major poultry products in Sri Lanka. The Journal
of Agricultural Sciences, 12(2), 138-148.

Brockwell P, Davis R (2002): Introduction to Time Series and Forecasting. 2nd. Ed., Springer.

Yaffee R, McGee M (2002): An Introduction to Time Series Analysis and Forecasting: With Applications of SAS
and SPSS. Academic Presss, Inc, New York, pp 39-43.

Akaike H (1974): A New Look at the Statistical Model Identification. In: Parzen E., Tanabe K., Kitagawa G. (eds)
Selected Papers of Hirotugu Akaike. Springer Series in Statistics (Perspectives in Statistics). Springer, New York,
NY.

Giinlii A (2011): Cig siit pazarlanmasinda siit sanayi igletmelerinde firma yogunlagma oranlarinin aragtirilmast
Burdur ili ornegi. Katkas Univ Vet Fak Derg, 17(1), 101-106.

FAO (2007): AB giriy siireci ¢ercevesinde Tiirkiye 'de siit ve siit tiriinleri sektériine genel bakig. Birlesmis Milletler
Gida ve Tarim Orgiitii, Roma.

Cenan N, Giircan IS (2011): Tiirkiye ¢iftlik hayvan sayilarimin ileriye doniik projeksiyonu: ARIMA modellemesi,
Veteriner Hekimler Dernegi Dergisi, 81(1), 35-42.

Kaygisiz F, Sezgin FH (2017): Forecasting goat milk production in Turkey using artificial neural networks and
Box-Jenkins models. Animal Review, 4(3), 45-52.

Guan Z, Philpott AB (2011): A multistage stochastic programming model for the New Zealand dairy
industry. International Journal of Production Economics, 134(2), 289-299.

Hossain MJ, Hassan MF (2013): Forecasting of milk, meat and egg production in Bangladesh. Research Journal
of Animal, Veterinary and Fishery Sciences, 1(9), 7-13.

Kaymaz O (2018): Forecasting of commercial egg production in Turkey with Box-Jenkins and Winter’s
Exponential Smoothing Methods. Eurasian J Vet Sci, 34(3), 142-149.

Lewis CD (1997): Demand forecasting and inventory control, Wiley, New York, USA.

Temugcin T, Temiz I (2016): Tiirkiye dus ticaret ihracat hacminin projeksiyonu: Holt- inters ve Box-Jenkins
modellerinin bir kiyaslamas:. Siileyman Demirel Universitesi Iktisadi ve Idari Bilimler Dergisi, 21(3), 937-960.
Kam HJ, Sung JO, Park RW (2010): Prediction of Daily Patient Numbers for a Regional Emergency Medical
Center using Time Series Analysis. Healthc Inform Res, 16(3), 158-165.

Ozen D, Tekindal MA, Cevrimli MB (2019): Modeling and forecasting meat consumption per Capita in Turkey.
Erciyes Universitesi Veteriner Fakiiltesi Dergisi, 16(2), 122-129.

Sankar TJ, Prabakaran R (2012): Forecasting milk production in Tamilnadu. International Multidisciplinary
Research Journal, 2(1), 10-15.



