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Abstract: It is interesting to identify the reasons and the direction of the correlation between the
input/output prices and the macro/micro parameters in animal production processes. In the present
study, the time series of the monthly data between the years 2014 and 2019 were analyzed to examine
the factors that affected the consumer price of carcass meat in Turkey. An attempt was made to
identify the relationship between the consumer price of carcass meat and the prices of cattle fattening
feed, the exchange rate of the dollar, producer price index (PPI), and the agricultural PPI, which
were anticipated to affect the consumer price of carcass meat as determined by the Granger causality
analysis. According to econometric analysis results, when there is a change in carcass producer price,
cattle fattening feed and PPI in the short term, the consumer price of carcass meat is affected by this.
The producer price of carcass and PPI variables are determined to be the cause of each other’s Granger.
At the same time, the PPI variable and the consumer price of carcass meat and dollar rate variables
were found to be the cause of each other’s Granger. If Turkey is to prevent the excessive fluctuations
in the consumer- and producer-prices of carcass meat caused by macro variables, an effective price
control mechanism should be put into practice. It seems that this change would be possible only by
developing and implementing policies to lower the input prices and production costs.

Keywords: Granger causality; econometric analysis; veal; price; producer price index; Turkey

1. Introduction

Red meat production in Turkey was approximately 1.1 million tons as of 2019. Of this production,
89.7% was beef, and 10.3% was mutton, goat meat, and water buffalo meat [1]. The percentage share of
beef in the red meat consumption has increased over the years [2]. As the per capita consumption
of beef in Turkey is responsive to the prices, the consumption decreases as the prices increase [3–5].
However, policies and market interventions intended to prevent the fluctuations in red meat prices
from past to present have fallen short of eliminating the insatiability and the ambiguity in the prices [6].

Feed costs have the highest share of the costs incurred by businesses producing red meat, next
only to the costs of cattle fattening materials [7,8]. Feed input is an important cost factor in beef cattle
breeding and directly affects the unit costs of the producers [9]. Due to the external dependence on the
supply of raw materials and additives used in feed production in Turkey, the feed prices are adversely
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affected by changes in foreign exchange rates in the short term [10]. At the same time, forecasting
the price levels in the livestock industry is a rather complicated process, as there are multiple factors
that affect the prices. For example, it has been stated that the food price index, oil price, global food
index, and exchange rates of the dollar and euro significantly affect the producer prices of animal and
agricultural products [11].

Identifying the reasons for and the direction of the correlation between the input/output prices
and macro/micro parameters in the animal production processes is important. When the causality
correlation between two variables is examined, the contribution of the delayed value of one variable to
explain the current value of the other variable is explicated by the theory of causality [12]. In this context,
causality analysis has become a widely used method of analysis in studies on animal husbandry [13–15].

Causality analysis is successfully used to explain the effects of feed prices on cattle prices [13],
lamb prices on beef prices [14], feed raw materials on live cattle prices [15], producer price index on
feed prices [16], beef prices on consumer price index [17], and the US Dollar on agricultural commodity
prices [18].

The purpose of this study was to investigate the causality relationship between the consumer price
of red meat and the factors that affect this price between 2014 and 2019, with econometric methods.
Red meat is focused upon throughout the article; used synonymously with veal and beef.

2. Materials and Methods

2.1. The Dataset

Time series of the monthly data for the period 2014–2019 were analyzed to identify the factors
influencing the consumer price of red meat, i.e., the dependent variable in the study [19]. Producer
price of carcass meat sourced by General Directory of Meat and Milk Board [19], price of fattening
feed [20], the exchange rate of dollar [21], PPI, and agricultural PPI [22], were used as independent
variables in the dataset of the study. As only the monthly data were used, a 72-period dataset was
created in each time series. The effect of independent variables on consumer price of red meat was
analyzed within the framework of the model below:

• Consumer Price of Red Meat = yt

• β1 = Price of Fattening Feed (TL/ton) (PFF),
• β2 = Producer Price of Carcass Meat (PFCM),
• β3 = Exchange Rate of Dollar (ERD),
• β4 = PPI,
• β5 = Agricultural PPI (APPI),
• yt = β0 + β1 (PFF) + β2 (PFCM) + β3 (ERD) + β4 PPIi + β5 APPI

The Eviews 8 program was used in the analysis of the time series [23], For an econometric model
to proceed significantly, it is very important that the series in the model remain stationary. The time
series in the variables were investigated to achieve this [24]. If the stationarity of a series is not
examined, unrealistic relationship structures will be revealed, and the problem of spurious regression
will occur [25]. The stationarity of the variables was put to Augmented Dickey–Fuller (ADF) and
Phillips and Perron (PP) unit root tests when investigating the relationship between the variables.
After the series became stable, the relationships in the econometric model were addressed separately
for long and short terms. Engle–Granger and Johanson Cointegration tests were used to demonstrate
the long-term relationship. To begin with, Vector Autoregression (VAR) estimation was performed
and a suitable lag count was specified based on the VAR. Considering the lag counts, a long-term
co-integration relationship was identified in the analysis. As there was a long-term co-integration, it
was understood that the Vector Error Correction Model (VECM) should be used instead of the VAR
model. In accordance with this result, the VECM model was used to analyze the relationship between
the variables. The causality and the direction of the relationships between the variables in this model
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were examined together. The Granger causality test was applied to achieve this, and the test results
were recorded.

2.2. Unit Root Tests

PP and ADF unit root tests were used to investigate the stationarity of the series. The PP test can
be used to prevent autocorrelation as a nonparametric method if the error terms show an altering
variance. ADF test, on the other hand, eliminates the problem of autocorrelation completely. In both
the root tests, a lag length that would generate white noise for the error terms of all series is identified.
Multiple information criteria are used to determine the lag length in these tests. The most used among
these criteria are Akaike (ACI), Schwarts (SIC), Final Prediction Error (FPE), Hannan–Quinn (HQ),
and (LR) [26,27].

2.3. ADF Unit Root Test

The different hypotheses in the ADF test yielded different results. A null hypothesis states that the
series are not stationary, whereas an opposite hypothesis states that they are stationary. It is possible to
show the ADF test with a constant with the following Equation (1) [28]:

∆yt = β+ δyt− 1 +
∑

i = 1 ∅i ∆yt− 1 + εt (1)

To reject the null hypothesis in the ADF test, the variable Y should be accepted as stationary at
its original level. Otherwise, it will be revealed that it is not stationary. As seen from the equation,
differences between the series should be calculated so that the series that are not stationary at their
original levels shall remain stationary. If the series becomes stationary when the difference is calculated
for the first time, such series are called First-Degree Integrated series. If the series does not become
stationary during the first time, the process continues until it becomes stationary. The t-statistics
calculated with Equation (1) is compared with MacKinnon’s critical values to decide if a series is critical.
Thus an absolute value is taken and if the MacKinnon’s critical value is smaller than the absolute value
at different significance levels, the series is not considered stationary; if it is larger than the absolute
value at different significance levels, then the series is concluded as stationary [29,30].

2.4. PP Unit Root Test

PP test is a sort of a supplementary test for the ADF unit root test. The equations in the ADF test
assume that the error terms are statistically formed by a constant and independent variance. If we
compare the assumptions of the PP unit root test and the ADF test, it turns out that PP root test has
more flexible assumptions. As in the ADF root test, the null hypothesis in a PP unit root test also
concludes that it is a unit root, i.e., the series is not stationary, but the opposite hypothesis concludes
that the series is stationary. The PP stationarity test is shown in Equations (2) and (3) [26]:

yt = β0 + δ1yt−1 + εt (2)

yt = β0 + δ1yt−1 + δ2

(
t−

T
2

)
+ εt (3)

In Equations (2) and (3), T represents the number of observations, εt represents the distribution of
the error terms, yt represents the tested series, and α, β, and t represent the trend variables. In the PP
test, it is assumed that there is a weak dependence between them and error terms are heterogeneously
distributed. In order to eliminate the autocorrelation in the PP test, the method of correction with the
Newey–West estimator is used for the results of the regression.
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2.5. Co-Integration Tests

The existence of long-term relationships between the variables has been determined with multiple
and various co-integration tests in the literature. Some of these tests are the Eagle–Granger Two-Step
Cointegration test, Johansen’s Maximum Likelihood Vector Autoregressive method, Engle–Yoo’s
Three-Step Cointegration test, Johansen–Juselius Cointegration test, and the Saikkonen Cointegration
test. In the present study, the balanced relationships between the price of carcass meat, price of fattening
feed (TL/Ton), the exchange rate of dollar, PPI, and the agricultural PPI were investigated with the
Eagle–Granger and Johansen co-integration tests, which work well with long-term relationships.

2.6. Results of Johansen Cointegration Test

When the time series in this analysis were examined, it was seen that these series were equally
stationary, and thus the co-integration test was applied. Firstly, VAR was estimated without any
constraint in the values of these variables, and a suitable lag count was identified. The VAR method,
first implemented by Sims, allows for dynamic and wide-ranging analysis of the relationships among
the variables in the model [31]. It is an improved version of the Granger causality test; it attempts to
estimate the dynamic relationships between the endogenous variables without any restriction [32].
VAR analysis is based on a simultaneous equations model. In VAR analysis, it is explained by the
lagged values of both the endogenous and the other variables. The equations used in a standard
bivariant VAR analysis are as given below (Equations (4) and (5)):

yt = a10 +

p∑
i=1

a11i Yt−1 +

p∑
i=1

a12i Xt−1 + u1t (4)

yt = a20 +

p∑
i=1

a21i Yt−1 +

p∑
i=1

a22i Xt−1 + u2t (5)

The constant term indicated by ai0 in Equations (4) and (5) is the parameter of the lag of the
variable j in equation ai, uit is the error term and p is the lag count [29]. The lag lengths of the
variables in VAR analysis should be the same so that the symmetry of the model is maintained and
the EKK estimator becomes active. Akaike (ACI), Schwarts (SIC), Hannan–Quinn (HQ), (LR) and
Final Prediction Error (FPE) information criteria were used to determine the suitable lag length in
VAR models [26,27]. In order to determine the existence of a long-term relationship between the series
identified as cointegrated with the Engle–Granger co-integration test and the count of cointegrated
vectors, the multi-cointegration test developed by Johansen and Juselius was used. For this, the trace
and maximum eigenvalue test statistics were used. The critical values used in both the tests were
generated by Johansen and Juselius. In order to accomplish this, the optimal lag length was determined
before switching to the model to be estimated.

2.7. VECM and Granger Causality Test

The VECM is estimated to investigate the short-term dynamics of two or more series acting in
unison in the long run. The co-integration equations obtained as a result of the estimation were tested
with the Granger causality test, and the direction of causality/relationships between the variables
was revealed.

The VECM is represented by the following Equations (6) and (7):

∆yt =
∏

yt−1 +

p−1∑
i=1

Γ11i ∆yt−1 + Bxt + εt (6)
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∏
=

p−1∑
i=1

Ai − 1,
p−1∑

j=i+1

A j, (7)

If there is a co-integration relationship between the variables in yt, the rank is (
∏

) = r < k. There
are two kxr matrices, as α and β confirm the equation of

∏
= αβ. Matrix α is composed of coefficients

of the adjustment velocity, and matrix β is composed of the co-integration vectors [33].
VECM was estimated because a co-integration relationship was identified between the variables.

Equations showing the co-integration relationships obtained from this estimate were tested later by
the Granger causality test.

The Granger causality test was used to investigate the causality between the variables. The
significance of the lag values of the independent variable in the equations was tested using the Granger
causality test [34].

3. Findings

The results of the unit root test applied to the variables are presented in Table 1.

Table 1. The results of the unit root test applied to the variables.

Augmented Dickey–Fuller (ADF) Test Philips–Perron (PP) Test

With
Trend

Without a
Constant

without Trend

Without
Trend

With
Trend

Without a
Constant

without Trend

Without
Trend

Consumer Price
of Red Meat

Level
Test

Statistics −1.90 −3.35 1.18 −1.64 −2.03 2.27

p 0.33 0.06 0.93 0.45 0.56 0.99

Difference 1
Test

Statistics −5.15 −5.20 −4.88 −4.98 −5.01 −4.98

p 0.01 0.01 0.01 0.01 0.01 0.01

Price of
Fattening Feed

(TL/Ton)

Level
Test

Statistics 0.45 −1.68 2.49 0.72 −2.04 2.85

p 0.98 0.74 0.99 0.99 0.56 0.99

Difference 1
Test

Statistics −8.73 −8.82 −8.09 −7.11 −7.74 −6.62

p 0.01 0.01 0.01 0.01 0.01 0.01

Producer Price
of Carcass Meat

Level
Test

Statistics −1.52 −1.63 3.93 −1.86 −1.61 3.49

p 0.51 0.77 0.99 0.34 0.76 0.99

Difference 1
Test

Statistics −6.78 −6.84 −5.60 −6.61 −6.99 −5.62

p 0.01 0.01 0.01 0.01 0.01 0.01

Exchange Rate
of Dollar

Level
Test

Statistics −0.47 −3.01 1.90 −0.20 −2.58 1.78

p 0.88 0.13 0.98 0.93 0.28 0.98

Difference 1
Test

Statistics −6.35 −6.33 −6.09 −6.12 −6.10 −5.91

p 0.01 0.01 0.01 0.01 0.01 0.01

PPI
Level

Test
Statistics 0.90 −1.61 2.93 0.81 −1.46 0.27

p 0.99 0.77 0.99 0.99 0.83 0.99

Difference 1
Test

Statistics −5.90 −6.20 −3.10 −4.33 −4.26 −4.10

p 0.01 0.01 0.01 0.01 0.01 0.01

Agricultural PPI
Level

Test
Statistics 0.10 −2.09 2.06 0.58 −1.76 2.83

p 0.96 0.53 0.99 0.98 0.70 0.99

Difference 1
Test

Statistics −5.41 −5.47 −4.88 −5.49 −5.55 −4.88

p 0.01 0.01 0.01 0.01 0.01 0.01

The findings obtained from the results of the ADF and the PP unit root tests are as follows: the
consumer price of red meat, price of fattening feed, producer price of carcass meat, the exchange rate of
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dollar, PPI, and the agricultural PPI were not stationary in some forms, but when their first differences
were taken, the series became stationary at 1% significance level, i.e., with a constant and without a
trend, without a constant and trend, with a constant and trend.

As seen in the Collegrom chart (Consumer Price of Carcass Meat, Price of Fattening Feed (TL/Ton),
Producer Price of Carcass Meat, Exchange Rate of Dollar, PPI and Agricultural PPI) autocorrelation,
partial autocorrelation and their significance are shown in detail in Figure 1.
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Figure 1. Correlogram Charts of the Data Related to the Consumer Price of Carcass Meat, Price of
Fattening Feed (TL/Ton), Producer Price of Carcass Meat, Exchange Rate of Dollar, PPI and Agricultural
PPI, First Degree Differences of Which Were Taken.

The selection of appropriate lag lengths for the VAR model is presented in Table 2.

Table 2. Selection of suitable lag lengths for the VAR model.

Lag Log L LR FPE AIC SC HQ

0 −834.31 NA 2181.94 24.71 24.91 24.79
1 −715.50 213.16 191.84 * 22.27 * 23.65 * 22.82 *
2 −681.86 54.419 210.66 22.34 24.89 23.35
3 −646.34 51.186 * 227.57 22.36 26.08 23.83

Notes: LR: Sequential Modified Likelihood Ratio (LR) Test Statistics, FPE: Final Prediction Error, AIC: Akaike
Information Criteria, SC: Schwarz Information Criteria, HQ: Hannan-Quinn Information Criteria. * Significance lag
lengths criteria.
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In determining the lag length of the model, the suitable count of lags was found to be 1 according to
the FPE, AIC, SC, and the HQ information criteria. While the AIC criterion is based on the minimization
of the mean square error and is rather a value considered in forward-looking forecasts, the HQ criterion
is a value that is used in determining the consistent level of a lag. Therefore, as seen in the above table,
the lag length 1 was stable according to the analysis results.

The results of the Johansen co-integration test are presented in Table 3.

Table 3. Results of the Johansen Cointegration Test.

Trace Statistic Maximum Eigenvalue Statistic

Hypothesis H0 Critical Value (5%) Test Statistics Critical Value (5%) Test Statistics

0 0.60 0.01 64.81 0.00
1 0.51 0.01 49.73 0.03
2 0.44 0.01 40.20 0.07
3 0.31 0.01 26.40 0.08
4 0.25 0.01 20.33 0.04
5 0.19 0.01 14.75 0.01

After identifying the suitable lag count for the Johansen co-integration test, the existence of
a long-term relationship between the variables was tested. By using the predicted VAR equation,
the existence of the Johansen co-integration was investigated (Table 3). When the co-integration test
statistics were examined, it was seen that there were five co-integration vectors where the hypothesis
H0 was rejected. The trace and the eigenvalue tests indicated that these five variables acted in unison
in the long term.

The results of the Granger causality test for the consumer price of red meat are presented in
Table 4.

Table 4. Results of the Granger causality test for the consumer price of red meat.

Dependent Variable: D, the Consumer price of Red Meat

Chi-Square Value Degrees of Freedom Probability

D Producer Price of Carcass Meat 60.73 1 0.01
D Exchange Rate of Dollar 2.36 1 0.12

D Fattening Feed 4.89 1 0.02
D PPI 5.67 1 0.01

D Agricultural PPI 3.55 1 0.05

Note: D = 1st difference.

As seen from the results of the causality tests in Table 4, the consumer price of red meat was
affected in the short term by the changes in the producer price of carcass meat, price of fattening feed,
and PPI between 2014 and 2019. In other words, the consumer price of the red meat was influenced by
the producer price of carcass meat, the price of fattening feed, and the PPI variables.

The Granger causality test findings for the producer price of carcass meat are presented in Table 5.
According to the results of the causality test shown in Table 5 the producer price of carcass

meat was affected in the short term by the changes in the price of fattening feed between 2014 and
2019. In other words, the producer price of carcass meat was the Granger causality of the price of
fattening feed.

According to the results of the causality test shown in Table 6 the exchange rates of dollar were
affected in the short term by the changes in the producer price of carcass meat between 2014 and 2019.
In other words, the exchange rate of the dollar was the Granger causality of the producer price of
carcass meat and PPI variables.

The results of the Granger causality test for the exchange rates of dollars are presented in Table 6.
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The results of the Granger causality test for the PPI are presented in Table 7.

Table 5. The results of the Granger causality test for the producer price of carcass meat.

Dependent Variable: D, Producer Price of Carcass Meat

Chi-Square Value Degrees of Freedom Probability

D Red Meat 0.24 1 0.61
D Exchange Rate of Dollar 2.94 1 0.08

D Fattening Feed 3.80 1 0.04
DPPI 0.24 1 0.61

D Agricultural PPI 0.06 1 0.79

Note: D = 1st difference.

Table 6. The results of the Granger causality test for the exchange rate of dollar.

Dependent Variable: D, Exchange Rate of Dollar

Chi-Square Value Degrees of Freedom Probability

D Red Meat 2.67 1 0.10
D Producer Price of Carcass Meat 3.92 1 0.04

D Fattening Feed 2.62 1 0.10
DPPI 4.37 1 0.03

D Agricultural PPI 0.07 1 0.77

Note: D = 1st difference.

Table 7. The results of the Granger causality test for PPI.

Dependent Variable: D, PPI

Chi-Square Value Degrees of Freedom Probability

D Red Meat 12.85 1 0.01
D Producer Price of Carcass Meat 0.59 1 0.44

D Exchange Rate of Dollar 63.48 1 0.00
D Fattening Feed 0.16 1 0.68

D Agricultural PPI 1.51 1 0.21

Note: D = 1st difference.

According to the results of the causality test, as summarized in Table 7, PPI was affected in the
short term by the changes in the consumer price of the red meat and the exchange rate of dollar
between 2014 and 2019. In other words, the PPI is the Granger causality of the consumer price of red
meat and the exchange rate of dollar variables.

The results of the Granger causality test for the agricultural PPI are presented in Table 8.

Table 8. The results of the Granger causality test for Agricultural PPI.

Dependent Variable: D, AGRICULTURAL PPI

Chi-Square Value Degrees of Freedom Probability

D Red Meat 4.38 1 0.03
D Producer Price of Carcass Meat 1.98 1 0.15

D Exchange Rate of Dollar 1.44 1 0.22
D Fattening Feed 0.01 1 0.90

DPPI 1.87 1 0.17

Note: D = 1st difference.

According to the results of the causality test in Table 8, the agricultural PPI in dollars was affected
in the short term by the changes in the consumer price of the red meat between 2014 and 2019. In other
words, the agricultural PPI is the Granger causality of the consumer price of red meat.
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4. Discussion

The relationships between the consumer price of the red meat and the producer price of carcass
meat, price of cattle fattening feed, the exchange rate of dollar, PPI, and the agricultural PPI, which
affected the price of the red meat, were examined by way of Granger causality analysis.

The results of the analysis revealed that the consumer price of the red meat was affected by
short-term changes in the producer price of carcass meat, price of the fattening feed, and the PPI.
The interactions between the producer price of carcass meat and the consumer price of veal were
as expected. It was reported that only between 47.05% and 66.32% of the retail price paid by the
consumers for the veal was received by the producers [35]. The price of fattening feed seriously affects
the production cost of veal. Although the production and the consumption of fattening feed have
quadrupled in Turkey in the last 15 years, the production of the feed raw materials has not increased
proportionally [10]. When the changing exchange rates are added to meet the supply deficit by way of
imports, the price of fattening feed becomes very high [21]. Previous studies have also revealed that
the macro variable, PPI, directly affected the prices of feed [16].

The present study revealed that the changes in the price of fattening feed reflected on the producer
price of carcass meat in the short term. In line with the policies pursued to decrease the producers’
costs, the tax rate in the fattening feed was reduced in Turkey as of 1 January 2016 [36]. However,
when Granger causality analysis was applied to check the short-term effect of the said tax cut, it was
observed that the cut did not affect the prices of feed, meat, or milk [37]. Therefore, it is very important
to use the right policy tool to intervene in the interaction between the producer price and the price
of fattening feed. It was predicted in the present study that the prices of both the red meat and the
fattening feed will increase in the forthcoming years [2]. When an assessment is made on local beef
production, productivity levels per animal are compared especially to European Union countries,
Turkey is behind in the beef carcass yield 1.5 times [38].

In a study covering the periods between 2010/1 and 2015/2 in the USA, the relationship between
corn, soybean and wheat and live cattle prices was found to be bidirectional. With this bilateral
relationship, it has been stated that both grain products, live cattle prices are the cause of granger,
and live cattle prices are the causes of grain products [15].

In a study in which the effect of the dollar index on global commodity prices in the period between
January 1999 and February 2015 with an asymmetric causality test, no long-term relationship between
the US dollar and agricultural commodity indices was found. In the short term, the depreciation of the
US dollar leads to the rise in agricultural commodity prices, while the appreciation of the US dollar
causes the prices of all commodities in the scope of the analysis to decrease [18].

Chen et al. examined Australia, Canada, Chile, New Zealand and South Africa in their studies,
and stated that exchange rates can be used to predict future food prices [39]. Harri et al. used the VAR
model covering the monthly period between 2000–2008 in the USA and found that the same result
does not apply to wheat, while there is an integration relationship between corn, cotton, soybean and
crude oil prices and exchange rates [40]. Gilbert states that world GDP growth, monetary expansion,
oil price and dollar exchange rate have a causal effect on agricultural food commodity prices [41].

5. Conclusions

The present study found that a change in the producer price of the carcass meat is affected by the
exchange rate of dollar and the PPI in the short term. Depending on the macro variables, it is possible
to prevent only the excessive fluctuations in the producer price of carcass meat with an effective price
control mechanism. Consequent to the constantly increasing input costs such as those of feed, labor,
energy, and fuel, the producers would need a market created by the product councils and institutions
like the Meat and Milk Institution, which would, in turn, be supported by long-term production and
consumption policies.

In order to reduce the input costs, the prices of inputs such as fuel and electric power used in the
livestock industry should be reduced. As the feed costs have an important share in the carcass meat
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production costs in Turkey, local production of feed raw materials such as import-dependent soybean
and corn should be encouraged. Some recent global events, such as the Covid-19 outbreak, have
proven again the need for the countries to attain independence in the production of staple foodstuff.

Knowing the direction of the relationship between the price of the product and the prices of input
goods in animal husbandry would lead to adopting effective courses of action and forming efficacious
policies to support the industry, beginning from the sub-industries. Ensuring a better understanding
of the relationships between the input and output prices in the veal market may particularly lead
Turkey to better plan the future production of veal to decrease the import dependencies and become
self-sufficient in the area.
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