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Abstract

Determination of the extent to which increases in the price of red meat is reflected in the price of chicken meat will shed light to the
sector in many areas, including production planning. The purpose of this study is to present how the increases in the price of red
meat are reflected in the consumer prices of chicken meat and to determine the estimation rate of the consumer prices of chicken
meat by analysing the monthly average consumer prices of chicken meat, beef and mutton (TRY/kg) in Turkey between January
2005 and September 2018 using different regression models and the decision tree algorithm. The results of the study indicate that
in predicting the prices of chicken meat using the prices of beef, the cubic regression equation gives accurate predictions at a rate
of 91.4%, and in predicting the prices of chicken meat using the prices of mutton, the cubic regression equation gives accurate
predictions at a rate of 89.9%. It was estimated that 1 unit increase in the prices of beef would result in an increase by 1.35 unit in the
prices of chicken meat, and a 1 unitincrease in the prices of mutton would result in an increase by 0.39 unit in the prices of chicken meat.
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Tiirkiye’de Dana ve Koyun Eti Fiyatlarinin Tavuk Eti Fiyatlarina Etki
Diizeylerinin Farkli Regresyon Modelleri ve Karar Agaci Algoritmasi
ile Degerlendirilmesi

Oz

Turkiye'de kirmizi ette yasanan fiyat artislarinin tavuk eti fiyatlarina yansimasinin ne diizeyde oldugunun belirlenmesi, sektoriin tretim
planlamasi basta olmak tizere pek ¢ok hususta sektore 1sik tutacaktir. Bu calismanin amaci, 2005/01 Ocak ile 2018/09 Eyliil doneminde
aylara gore Turkiye geneli tavuk, dana ve koyun eti tiiketici ortalama fiyatlarinin (TL/kg) farkli regresyon modelleri ve karar agaci
algoritmasi ile analiz edilerek, kirmizi ette yasanan fiyat artiglarinin ne olclide tavuk eti tiiketici fiyatlarina yansidigini ortaya koymak
ve tavuk eti tiiketici fiyatlarinin tahmin oranlarinin belirlenmesidir. Calismanin sonuglarina gére dana eti fiyatlarini kullanarak tavuk
eti fiyatlarinin tahmin edilmesinde kiibik regresyon denklemi ile %91.4 aciklama oraninda basarili bir tahmin yapilirken, koyun eti
fiyatlarinda kiibik regresyon denklemi ile %89.9 aciklama oraninda basarili bir tahmin yapilabilecegi belirlenmistir. Dana eti fiyatlarinda
meydana gelecek 1 birimlik degisimin klbik regresyona gore tavuk eti fiyatlarinda 1.35 birimlik bir artisa, koyun eti fiyatlarinda
meydana gelecek 1 birimlik degisimin ise tavuk eti fiyatlarinda 0.39 birimlik bir artisa yol acacagi tahmin edilmistir.
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INTRODUCTION

Foods of animal origin are important for sustainability of
individual and social development. Easy access to and
availability of such healthy foods that are one of the essential
needs of humans is one of the common characteristics of
developed countries. However, animal products are not
supplied to all segments of the society at affordable prices
and in sufficient amounts in Turkey.

In addition to the problems in the supply of red meat in
Turkey, the amount of consumption of animal products
is restricted by price level and consumers’ income level,
two major factors underlying the preference for meat . In
Turkey between 2005 and 2018, per capita meat consumption
increased by 3.06% for sheep, 211.29% for beef and 50.92%
for chicken meat . The sudden increase in the consumption
of beef can be associated with imports after 2009. In the
same period, meat prices increased. Chicken meat prices
showed an increase of 214.24%, beef prices increased
273.80% and mutton prices increased by 349.59% . As
chicken meat is more affordable than red meat, consumers
considerably shift their preferences to chicken meat when
the price of red meatincreases 7). The major reason for this
is that chicken meat and red meat are substitute goods ™.
Although costs are the primary factor affecting the formation
of red meat and chicken meat prices, it can be said that
there are also different variables that affect the prices ©.

Inputs such as feed raw materials, broiler breeder prices %,
packaging materials and energy costs are the factors
that affect the price of chicken meat in Turkey "%, On the
other hand, consumer preferences ™ and socio-economic,
psychological, seasonal factors also have an important
role on the market price and supply-demand balance of
chicken meat ',

In the formation of red meat demand and price, production
costs 1'%, consumer preferences "%, import decisions 4,
government interventions in the red meat market,
implemented policies and subsidies " are effective.

The studies delving into the interaction between red
meat and chicken meat in Turkey focus on the effects of
taxes and beef prices on consumption of chicken meat %,
the factors affecting the consumption of red meat and
chicken meat by households " and the factors affecting
the consumption of fresh red meat 1'%,

Studies on livestock breeding use different linear and non-
linear regression models. Such models were used in estimating
the prices of beef and feed " and the optimum growth
curve for cattle 2% and sheep 2", The decision tree method,
which is an alternative to general linear models ?%, is widely
used in estimating the price of chicken meat ¥, determining
factors affecting the consumption of red meat **, estimating
the factors affecting the birth weight of dairy cows ! and
determining the factors affecting milk yield 12!,

The purpose of this study is to present how the increases
in the price of red meat are reflected in the consumer
prices of chicken meat and to determine the estimation
rate of the consumer prices of chicken meat by analyzing
the monthly average consumer prices of chicken meat,
beef and mutton in Turkey between January 2005 and
September 2018 using different regression models and
the decision tree algorithm.

MATERIAL and METHODS
Data Set

The material of the study consists of the monthly average
consumer prices of chicken meat, beef and mutton (TRY/
kg) in Turkey between January 2005 and September 2018.
The prices of chicken meat, beef and mutton used in the
study were obtained from the monthly consumer prices
data set of the Turkish Statistical Institute (TURKSTAT) B.
The beginning of the data in the TurkStat system was 2005
and this year was taken as a starting point.

Analysis Method

First, the chicken meat prices, the dependent variable in
the analysis, were subjected to a goodness of fit test. Then,
all input variables were estimated independently one by
one using appropriate regression models. SPPS 25 and
EasyFit 5.4 Professional ?? were employed to evaluate
the data.

Regression Curve Estimation Models were used in the first
stage of the analysis. Estimation models for one or more
curves can be obtained by regression analysis. The relation-
ship between variables can have a linear or another type
of distribution. In such cases, it is better to use different
models.

Among the models given in Table 1, the model with the

Table 1. Regression models for estimating the consumer price of chicken
meat

;I?J:Isss ion Equation

Linear Y =bo + (b1 * 1)

Logarithmic Y = bo+ (b1 * In(t))

Inverse Y =bo+ (b1/t)

Quadratic Y=bo+ (b1*t)+ (b2 * t?)

Cubic Y =bo+ (b1 *t) + (b2 * t2) + (b3 * t?)

Power Y = bo * (t** b1) or In(Y) = In(bo) + (b1 * In(t))
Compound Y =bo * (b1**t) or In(Y) = In(bo) + (In(b1) * t)
S-curve Y = e**( bo + (b1/t)) or In(Y) = bo + (bi/t)
Growth Y =e**(bo + (b1 *t)) or In(Y) = bo + (b1 * t)
Exponential Y =bo * (e**( b1 * t)) or In(Y) = In(bo) + (b1 * t)
Y = dependent variable, by = regression equation’s constant term, b;=
regression coefficient, t = value of independent variable
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highest coefficient of determination according to the result
of the regression analysis was selected and evaluated.

In the analysis section of the study, the relationship between
the dependent variables and the independent variable is
presented according to the result of the curve estimations.

Then, in an attempt to conduct comparative analyses of
major decision tree algorithms, C4.5(J48) 8, Decision
Stump 9, Hoeffding Tree 5%, LMT ©#'32], Random Forest &%,
RandomTree ®“and RepTree ' algorithms on WEKA (Waikato
Environment for Knowledge Analysis) were used. The
original data set was randomly divided into ten equal parts
using the 10-fold cross validation method. Subsequently,
one of the parts was kept as validation data to test the
model, and the remaining nine parts were used as training
data.The cross validation process was carried out 10 times,
using each of the 10 parts as validation data for once B,

In obtaining the comparative results from the decision
tree algorithms, no method was employed to select any
of the attributes in the data set, and all attributes were
taken into account in developing the classification model.
The data set does not contain any missing values. For this

reason, it was not subjected to pre-processing. The price
of chicken meat was assessed using the CRT (Classification
And Regression Tree) algorithm.

RESULTS

In order to identify the relationship between the consumer
prices of chicken meat and the consumer prices of beef
and mutton, analyses were conducted using 10 different
regression models. The results are given in Table 2 and
Table 3 below. The explanatory model of the cubic
regression model for beef and mutton was found to be
the highest according to the R? values of the regression
models developed to estimate the consumer prices of
chicken meat.

In estimating the consumer prices of chicken meat using
the consumer prices of beef, the cubic regression equation (1)
gives accurate estimations with a percentage of variance
explained of 91.4%. It was estimated that a 1 unit
increase in the consumer prices of beef would result in a
1.35 unit increase in the consumer prices of chicken
meat according to the cubic regression model.

Table 2. Models for estimating the consumer prices of chicken meat by different regression equations for the consumer prices of beef

Model Estimates Coefficients Estimates
Equation
R? F sd1 sd2 P Constant b1 b2 b3

Linear 0.862 1014.590 1 163 0.001 1.838 0.171

Logarithmic 0.885 1256.042 1 163 0.001 -7.041 4.202

Inverse 0.858 988.745 1 163 0.001 10.282 -87.320

Quadratic 0.877 578.430 2 162 0.001 0.207 0.313 -0.003
CONSUMER Cubic 0.914 573.363 3 161 0.001 -7.830 1.404 -0.047 0.001
PRICES OF BEEF | compound 0.791 615.495 1 163 0.001 2.781 1.030

Power 0.862 1014.210 1 163 0.001 0.565 0.744

S 0.884 1244.513 1 163 0.001 2516 -15.894

Growth 0.791 615.495 1 163 0.001 1.023 0.029

Exponential 0.791 615.495 1 163 0.001 2.781 0.029

Table 3. Models for estimating the consumer prices of chicken meat by different regression equations for the consumer prices of mutton

Equation Model Estimates Coefficients Estimates
R? F sd1 sd2 P Constant b1 b2 b3

Linear 0.886 1265.337 1 163 0.001 2,071 0.169

Logarithmic 0.891 1325.864 1 163 0.001 -5.623 3.819

Inverse 0.835 823.157 1 163 0.001 9.741 -70.229

Quadratic 0.897 708.898 2 162 0.001 1.163 0.251 -0.002
gg’gg;"gﬁ“ Cubic 0.899 478,607 3 161 0.001 0.048 0.406 -0.008 | 7.155E-05
MUTTON Compound 0.808 684.750 1 163 0.001 2.901 1.029

Power 0.873 1115.996 1 163 0.001 0.721 0678

s 0.868 1074.325 1 163 0.001 2421 -12.847

Growth 0.808 684.750 1 163 0.001 1.065 0.029

Exponential 0.808 684.750 1 163 0.001 2.901 0.029
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Price of Chicken Meat=-7.83 + 1.40 * x; -0.047 x?+ 0.00055 x}
(for price of beef) (m

In estimating the consumer prices of chicken meat using
the consumer prices of mutton, the cubic regression
equation (2) gives accurate estimations with a percentage
of variance explained of 89.9%. It was estimated that a 1
unit increase in the consumer prices of mutton would
result in a 0.39 unit increase in the consumer prices of
chicken meat according to the cubic regression model.

Price of Chicken Meat = 0.48 + 0.41 * x; -0.0076 x?+ 0.0000072 x}

As is seen in Table T and Table 2, there is a statistically
significant relationship between the consumer prices of
beef and mutton and the consumer prices of chicken meat.
However, the relationship of chicken meat prices with the
beef prices is more significant, albeit slightly.

The results of the analyses conducted to relationship
between the consumer prices of beef and the consumer
prices of chicken meat (TRY/kg) and relationship between
the consumer prices of mutton and the consumer prices of
chicken meat (TRY/kg) are given in Fig. 1 and Fig. 2 below.

(for price of mutton) (2)
O Observed
12,00 = Linear
—Logarithmic
= Inverse
==+ Quadratic
= = Cubic
= Compound
10,00+ = —Power
30 et
== Growth
= Exponential

8,00

6,00

Chicken Meat Price

4,007

T T T T
10,00 20,00 30,00 40,00 50,00

Beef Prices

The results of the analyses conducted to identify
the relationship between the consumer prices
of chicken meat and the consumer prices of
beef using CRT (Classification And Regression
Tree) algorithm are given in Fig. 3 below.

According to the CRT (Classification And Regression
Tree) algorithm for the consumer price of chicken
meat, the consumer price of beef affects the
price of chicken meat significantly in the first
step, and can be divided into two categories as
<23.234 TRY and >23.235 TRY. It is 57.6% more
effective to estimate the consumer price of
chicken meat when the consumer price of beef
is less than or equal to 23.234 TRY and 42.4%
more effective to estimate the consumer price
of chicken meat when the consumer price of
beef is above 23.235 TRY.

Fig 1. Relationship between the consumer prices of beef and the consumer prices
of chicken meat (TRY/kg)
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Fig 2. Relationship between the consumer prices of mutton and the consumer
prices of chicken meat (TRY/kg)
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n 70 n a5
% 42,4 % 57,6
Predicted 4,351 Predicted 7,419
Fig 3. CRT algorithm for consumer price of chicken meat
(TRY/kg)
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DISCUSSION

This study is to present how the increases in the price of red
meat are reflected in the consumer prices of chicken meat
and to determine the estimation rate of the consumer
prices of chicken meat. Formation of the prices of chicken
and red meat is affected by many factors. They include
production costs, feed amount and prices, natural and
seasonal conditions, prices of substitute goods, consumer
income and preferences, and purchasing power. These
factors are dominant in the formation of retail prices of
chicken meats 837), Review of the main factors affecting the
price of chicken meat is important to understand the issue.
The levels of the effect of the cost items constituting the
production cost and of external factors on the formation
of prices differ.

In Turkey, production costs are the most important factors
affecting the market price of chicken meat ©. A study
reports that a 10 percent increase in the price of soybean
used in the poultry sector results in a 3.84 percent increase
in the price of chicken meat in Turkey, and that the price of
chicken meat and the prices of electricity and soybean are
in an equilibrium relationship . A study concerning the
prices of chicken meat reported that a 50 percent decrease
in the price of corn in China resulted in a 32 percent
decrease in the price of chicken, whereas a 50 percent
decrease in the price of soy flour resulted in a 16 percent
decrease in the price of chicken 8. It is understood that
chicken meat prices decreased by 68% and feed prices
decreased by 24% between the years 1990 and 2004. in
the same study, it was shown that the feed was due to
import origin .

A correlation analysis was performed with the aim of
determining the level of relation between real whole
chicken prices and feed prices in 1994-2006 period and
the correlation coefficient was computed as (r = + 0.731
and P<0.05). This result demonstrates that, in the pricing of
chicken meat, other factors are effective besides the feed
input cost .,

According to the regression model (r>:0.93) established for
the demand for chicken meat between 1983 and 1998, 1%
increase in the price of chicken meat reduced the demand
of 0.030%, 1% increase in beef meat increased the demand
of 0.001% and 1% increase in the price of mutton meat
increased the demand of 0.000002% &7,

Apart from the production costs, another factor that affects
the prices of chicken meat is the presence of substitute
goods. Substitute goods may affect the consumer demand
for each other according to their quality and price. A study
reports that the consumer prices of mutton affect the
consumption of chicken meat ®°. It is reported that the
price of chicken meat and people’s level of income increase
the consumption of beef ", Another study focusing on
the increases in the prices red meat and chicken meat

reported that the need for animal protein was met by
consuming cheaper products, and that the increase in the
consumption of chicken meat stemmed from the increases
in the price of red meat M8,

In a study delving into the effects of taxes and the price
of beef on the consumption of chicken meat in Turkey
with a partial equilibrium approach, the tax elasticity was
calculated to be -0.23, the price elasticity of demand for
chicken meat 0.37, the income elasticity of demand for
chicken meat 0.95 and chicken meat/beef elasticity -0.81 1°l.

In another study aimed at identifying the factors that affect
the consumption of red meat and chicken meat in 2.690
households living in provincial centers in Turkey using an
ideal demand analysis model, the expenditure elasticities
of chicken meat and beef were calculated to be 0.9394 and
0.8691, respectively 7.,

The products with the highest income elasticity of demand
were found to be goat meat (0.53), mutton (0.48) and beef
(0.32), whereas the income elasticities of demand for chicken
and fish were calculated to be 0.08 and 0.11, respectively.
Additionally, the price elasticities of demand for chicken
and fish were found to be -0.32 and -0.20, respectively “%,

A 1% increase in the beef price would decrease beef
consumption by approximately 7.6% in the long run. A 1%
change in the price of chicken meat will result in a long
run change of approximately 4.2% in beef consumption ™.
In same study, In the long run, beef consumption, chicken
meat prices, and income level contribute to beef prices
by 18.95%, 13%, and 0.19%, respectively. The results also
indicate that a 30.5% portion of chicken meat prices is
explained by its own innovations whereas the contributions
of beef consumption, beef prices, and the per capita
income level are 4.17%, 64.44%, and 0.87%, respectively.

It was estimated that a 1 unit increase in the consumer
prices of beef would result in a 1.35 unit increase in
the consumer prices of chicken meat according to the
cubic regression model. It was estimated that a 1 unit
increase in the consumer prices of mutton would result in
a 0.39 unit increase in the consumer prices of chicken
meat according to the cubic regression model.

The increase in beef prices has lead Turkish consumers to
shift from beef to chicken meat . According to one study,
it was stated that the reason for the preference of chicken
meat was its suitable price compared to other meat “'.
The results of the study indicate that in estimating the
consumer prices of chicken meat using the consumer
prices of beef and mutton, the cubic regression equation
has a high explained variance, suggesting that it is a good
model to make a successful estimation. It can be said
that the consumer prices of beef and mutton affect the
consumer prices of chicken meat, and that the effect of the
consumer price of beef on the consumer price of chicken
meat is higher than that of the consumer price of mutton.
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The main reason why the effect of the consumer price of
beef is higher than that of the consumer price of mutton
is that the output and the marketing opportunities of
beef are higher. Furthermore, consumer habits and health
reasons should be noted that the consumer is removed
from the mutton. It can be said that the consumer prices of
beef affect the consumer prices of chicken meat according
to the decision tree algorithm.
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