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Abstract

We investigate the price dynamics between retail milk price and raw milk price in the Turkish fluid milk
market. The study uses monthly fluid milk prices for 14 years between January 2003 and December 2016.
We analyze the price adjustment in the fluid milk market through an asymmetric error correction model
with threshold co-integration. We find that the transmission between the two prices has been asymmetric
in both the long term and short term period. Differences between the farm milk prices and retail milk
prices may exist due to marketing costs across the supply chain and pricing policies associated with the
market structure. Results of the long-run analysis indicate a significant market power in the fluid milk
market. Therefore, in this asymmetric case, the deviations are likely to be the reason for the market power
of the processors/retailers and the reason for the oligopolistic market structure in the sector.
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have attracted much attention. Given the price is
the primary mechanism in the related markets,
the extent of adjustment and speed of shocks
transmitted between producer and retailer prices
are significant factors showing the behavior of
actors at various market levels (Abdulai, 2002).

1. Introduction

Price transmission and market integration have
been very important topics in the fields of indus-
trial organization and other areas of applied mi-
croeconomics, especially for the study of price

relationship in agricultural commodity markets,
that can shed light on the stability of prices. With
rapidly changing market structures and growing
concentration and centralization of processing
and retailing firms, the questions of how quick-
ly farm prices are transmitted to the retail level
and what the incidence of costs is on retail prices

As indicated in Peltzman (2000), asymmetric
price transmission is the rule rather than the ex-
ception, and various studies have revealed that
asymmetric price transmissions are quite com-
mon, especially in the agricultural industry.
Price transmission can be defined as the re-
lationship between the prices in the two related
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markets. Price transmission is used to demon-
strate the effects of a price change in one market
over another and provides information on the
extent of these markets. The important issue is
whether the transmission is symmetric or asym-
metric. A symmetric price transmission inte-
grates markets vertically and horizontally and
a change in prices in one market is quickly re-
flected to another. Therefore, a change in prices
in one market will have an equal and immediate
effect on the prices in other related market. But,
if the price transmission between the specific
stages of the supply chain is asymmetric, then
the price changes at the production level are not
transmitted to the price changes at the process-
ing and/or retailing level quickly or fully as in
the case of a symmetric transmission.

There are several reasons for incomplete
asymmetric price transmissions (APT); such as
asymmetric information among the firms (Bailey
and Brorsen, 1989), market power and concen-
tration at processing and retailing levels (Peltz-
man, 2000; Meyer and von Cramon-Taubadel,
2004; Azzam, 1999), interaction between mar-
ket power and economy of scale (Lloyd ef al.,
2006), adjustment and menu costs (Meyer and
von Cramon-Taubadel, 2004; Bailey and Brors-
en, 1989). Moreover, supply shocks due to ad-
verse weather conditions, and political uncer-
tainty can contribute to high level of prices and
the immediate impact would be a fall in the real
income of households in real terms (Ghoshray,
2011). Literature on asymmetric price transmis-
sion mostly refers to non-competitive market
structures such as market power and oligopo-
listic behavior as an explanation for asymmetry
(Vavra and Goodvin, 2005). Brown and Yucel
(2000) consider oligopolistic firms engaging in
unspoken collusion to maintain higher profits.
Ward (1982) suggests that market power can
lead to a negative asymmetric price transmission
if oligopolists are reluctant to risk their market
share by increasing the output prices. Meyer and
von Cramon-Taubadel (2004) state that market
power can lead to long term asymmetries in the
magnitude of adjustment. An important sign of
the market power is the existence of price asym-
metries which indicate an unbalanced relation-
ship between the price increases and decreases

for a product through the farm gate and retail
stages. More specifically, price asymmetries
could be negative or positive depending on its
effect. A positive (negative) price asymmetry
occurs when a decrease (increase) in prices at
the farm level is not fully or immediately trans-
mitted, but an increase and/or decrease pass-
es more quickly or fully to the final consumer
(Meyer and von Cramon-Taubadel, 2004; Vavra
and Goodwin, 2005). Price asymmetries are im-
portant because, usually, it negatively affects
the welfare (Meyer and von Cramon-Taubadel,
2004; Hahn, 1990). In case of vertical asymmet-
ric price transmission, consumers often feel the
increasing effect of farm prices that are more
fully and rapidly transmitted to retail levels than
the equivalent decreases (Kinnucan and Forker,
1987). Similarly, Capitanio ef al. (2019) investi-
gates asymmetric vertical transmission of price
and shows smaller positive effects on consumer
welfare and a potential rise in rents for the firms
in the Italian hog market. Therefore, we can as-
sume that in case of vertical asymmetries, the
value is acquired not in the production stage but
inside the supply chain, and that the real winners
are not the producers or the consumers (final us-
ers), but the holders of the last stage, where the
goods are sold to the final consumers.

Price transmission is generally measured by
the price transmission elasticity, which is the
percentage change in price of one market to a
given percentage change in price of another
market. If such relationship between two prices
exists in the long run, the markets are said to be
integrated. This relationship may not hold in the
short run due to deviations that can be driven by
shocks in one price not being transmitted to the
other price. The price transmission elasticity has
been estimated by unit root tests and Error Cor-
rection Models (ECM) with threshold adjustment
(Enders and Siklos, 2001; Meyer and von Crau-
ben-Taubadel, 2004; Frey and Manera, 2007).
Threshold adjustment analysis has a particular
importance because it implies that movements
toward long run equilibrium do not take place at
all points in time but only when the divergence
from equilibrium exceeds the threshold (Gho-
shray, 2011). Abdulai (2002) employs threshold
co-integration tests that allow for asymmetric
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adjustment towards a long-run equilibrium to
examine the relationship between producer and
retail pork prices in Switzerland. The short-run
adjustments are also examined with asymmetric
error correction models in the paper. The results
show that price transmission between the pro-
ducer and retail levels is asymmetric. Ghoshray
(2002) examines price differentials for the inter-
national wheat market by employing a co-inte-
gration model with Threshold Autoregressive
(TAR) and Momentum Threshold Autoregres-
sive (M-TAR) adjustments and finds that the
world wheat market is highly integrated with a
little evidence of asymmetry. Jaffry (2004) es-
timates an asymmetric error correction price
transmission model for the whole fresh French
hake value chain and tests for the co-integration
between auction and retail prices using the Eng-
le and Granger two-step method, the Enders and
Granger Threshold Autoregression (TAR) and
Momentum Autoregression (M-TAR) methodol-
ogies. The results indicate an obvious evidence
of asymmetric price transmission in the whole
hake value chain. Ghoshray (2008) tests the
presence of co-integration within the asymmet-
ric adjustment between the rice export prices of
Vietnam and Thailand. The results show that the
nature of asymmetry is captured by the M-TAR
model and the path of adjustment to the long run
equilibrium relation is relatively faster when the
price differential is decreasing compared to the
case when the price differential is increasing.
Ghoshray (2011) tests how international com-
modity prices are transmitted to domestic pric-
es for 13 country/commodity pairs by using a
TAR/M-TAR model and concludes that for the
two key commodities, coffee and sugar, there is
an evidence of difference-stationary behavior.
Asymmetric price transmission has recently
attracted considerably high attention in the ag-
ricultural economics. There is a rich literature
on the interactions along the dairy marketing
chain, on the other hand, existing research has
rarely been conducted for Turkey as a develop-
ing country of the world where the farm-retail
price transmission of fluid milk represents an in-
teresting case as an important food commodity.
For instance; Bor et al. (2014) finds asymmetry
in the Turkish fluid milk market by applying a

standard asymmetric error correction model on
the monthly prices between January 2003 and
December 2012. The results of the paper imply
that retailers as well as processors exercise sig-
nificant market power in the Turkish milk mar-
ket. Cinar (2017) applies a Vector Error Correc-
tion Model (VECM) to monthly price data from
January 2003 to December 2016 for farm milk
prices and retail cheese and yoghurt prices and
finds that there is an asymmetric price trans-
mission between producer and retailer market.
Thus, both above mentioned studies support the
presence of asymmetric pricing behavior in Tur-
key. Moreover, Tekgii¢ (2013) employs Thresh-
old Autoregressive (TAR) and Moment Thresh-
old Autoregressive (M-TAR) models to analyse
the relationship between the farm milk prices
and wholesale UHT (Ultra-High Temperature)
packed milk prices. The author shows evidence
for a downward movement in wholesale milk
prices while farm gate prices do not decrease
correspondingly.

The pricing behaviors in the raw milk market
at the farm gate and in the fluid milk market at
the retailer shelves are somehow interesting in
Turkey. There is a government intervention over
the farm gate prices where the National Milk
Council makes an announcement to determine a
reference price for a raw milk product. In most
cases, the reference price is accepted as the ce-
iling farm gate price in the industry. Also, gov-
ernment subsidizes milk by giving a premium
per liter and these payments are done in every
three months. For example, the raw milk price
was 1.15 TL (0.4356 USD) per liter in April
2015 and there was 0.06 TL (0.0227 USD) pre-
mium per liter to the producer. The average re-
tail price was 3.50 TL which was equivalent to
1.325 USD for a daily fluid milk in April 2015
and there was no intervention to the retail pric-
es by any authority. The costs of distribution,
processing, and packaging are well defined fac-
tors affecting the prices, but still the difference
between the farm gate and retail prices may
not be easily explained. Farmers at the begin-
ning and consumers at the end of the marketing
chain often suspect that imperfect competition
in processing and retailing allows middlemen
to abuse the market power. This situation raises
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the questions of how the farm prices are trans-
mitted to the retail price levels if there is an im-
perfect competition that exists in processing and
retailing sectors allowing middlemen to abuse
the market power in Turkey. There are empirical
studies in literature on asymmetric price trans-
mission referring to anti-competitive market
structures (Kinnucan and Forker, 1987; Miller
and Hayenga, 2001). These studies investigate
imperfect competition in processing and retail-
ing that allows middlemen to use the market
power. They generally conclude that monopoly
power causes positive price asymmetry (Meyer
and von Cramon-Taubadel, 2004). Therefore, we
aim to investigate the same issue for Turkey and
test raw milk and retail fluid milk price transmis-
sions by employing TAR and M-TAR specifica-
tions to contribute to the literature and to provide
insights that should signal to policy makers for
improving the dairy market structure. Thus, we
particularly aim to demonstrate how changes in
the prices of one market are transmitted to an-
other, which provides information on the extent
of the market and whether markets are operating
efficiently. Our focus is on vertical asymmetry in
price transmission between different stages of a
marketing chain, therefore we estimate the final
error correction model of price transmission.
The paper is organized as follows. Section 2 sum-
marizes an overview of the dairy sector in Turkey.
Empirical strategy is provided in Section 3. Data,
and empirical results are explained in Section 4.
Finally, concluding remarks are given in Section 5.

2. Institutional background in the Turkish
fluid milk market

In the last decade, dairy-processing industry in
Turkey has received a considerable investment,
and the number of modern milk processing
plants has increased. Many investments on the
dairy processing industry have become equipped
with high technology, and the result was indeed
an increase in the milk production affecting the
price of raw milk products. Also, the industry

faced with the new labels entering the market,
with most of the retail chains producing their
own brands and introducing a competition to
the other brands in the market. Parallel to this
increase in the number of processing firms, the
amount of milk produced and processed has also
increased in the market. In this respect, there are
eight dairy processing or affiliated companies
among the top 500 Turkish companies.

Turkey is among the 10 largest milk produc-
ers in the world (FAO, 2014). The total annual
milk production exceeded 18 billion liters in
2013. In 2013, of the total production, the amount
of milk collected by the industry was around 8
million tons and the registered milk production
was 46.66% of the total production in 2012 (SIS,
2014). It is estimated that on average 3 billion
liters are used by farm families for their own
consumption or processing, 1 billion liters are
handled by street vendors, over 2 billion liters are
processed by mandiras (small, simple processing
establishments) and well over 3.5 billion liters are
processed by medium and large-sized dairies. A
significant number of mandiras are run seasonally
and they are unregistered. Most of the unregis-
tered milk is handled outside of any formal qual-
ity control, unpasteurized and unpacked (Dellal
and Berkum, 2009). It is reported that the regis-
tered milk production is increased approximate-
ly to 50% of the total production in recent years
(Turkstat, milk and milk products various years).

The production costs of milk are high in
Turkey and raw-milk producers work with
low-profit margins due to these high costs. The
producer revenue primarily consists of the sales
of the milk, and secondarily, the sales of the ani-
mals (most dairy farms sell the male calves born
by their cows and heifers), making the cost of
production undoubtedly important. Therefore,
the key determinant of the profit is the cost of
the production (DairyCo, 2012). But as the ini-
tial investment and production costs are high in
Turkey,' the level of the raw milk price is signif-
icantly important for the farmers. On the other
hand, consumption level of liquid milk is very

! Average production costs consist of around 70% feed, 20% employee and 6% health and surveillance according

to Bor, 2014.
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low in the Turkish market; the most common
form of milk consumption is yoghurt, followed
by white cheese (feta type) and ayran, a liquid
salted milk drink. The annual per capita con-
sumption of milk in Turkey is 37.3 kg of milk
equivalence that is considerably low compared
to the other developed countries (FAO, 2014). In
2012, EU-27 had 288.3 kg and North America
had 274 kg of milk equivalence (FAO, 2014).
The final liquid milk prices on the retail shelves
play an important role affecting the consumption
level. The consumers argue that the retail price
of milk is considerably high in Turkey while the
producers argue that the raw milk price is low.
Fluid milk market in Turkey is subject to volatile
input prices for the producers and volatile final
prices for the consumers.

Figure 1 shows that there is a large marketing
margin in the Turkish fluid milk market over
a long period of time. When we consider the
amount of daily milk sold in the market, we see

that the margin increases. We also observe that
the retail price is being completely unrelated
to the farm gate price below a certain thresh-
old.? Accordingly, the two prices are related in
a nonlinear manner; increases in the farm gate
price of the fluid milk (leading to a decline in
marketing margins) are transmitted to the retail
level rapidly, on the other hand, decreases in
the farm gate price of the fluid milk (leading to
an increase in the marketing margins) are trans-
mitted to the retail level slowly. If a decrease
in farm gate prices is not fully transmitted to
retail prices, then reductions in supply and in-
creases in demand, that would have otherwise
occurred, will not take place. This would make
the price decrease more acute and prolonged.
Thus, we can assume that the retailers as well
as the processors adjust the prices partly to the
changes in demand and supply.

The marketing of the raw milk by the produc-
ers is restricted in Turkey such that, the producer

Figure 1 - The farm gate and the retail price of fluid milk (averages of daily and Ultra-High Temperature (UHT)

milk together) between 2003/01-2016/12.
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2 Retail price fluctuations are not thoroughly affected by farm gate price changes and despite the fact that farm gate
prices are set fixed at 1.15 TL in 2015, retail prices continued to fluctuate supporting this fact.
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and consumer one to one interaction is not avail-
able.? Therefore, small farmers can only oper-
ate through small processors (mandiras) and/or
through supplying their production to the big
processors.* The big processors collect milk by
their own cooled trucks and look for suppliers
for enough daily raw milk in order to decrease
the transaction cost (they are not willing to col-
lect partial quantities). Therefore, only middle
and big dairy farms have little bargaining ability
for the price and quality (Hatirli, 2004).

The Turkish fluid milk market is highly con-
centrated. Only few big and traditional brands
(SEK, Danone, AOC, Yorsan, Ulker, Pinar) are
competing with each other in the market. Al-
though there are new entrants, the market es-
pecially has several retailers’ own brands in the
UHT segment, and the market is still squeezed
by the conventional ones. Moreover, in the retail
sector, few retailers are spread all over the coun-
try although some domestic brands are operating
at a regional level. Especially, there are few well
known big retailers at the central/crowded cities.
Thus, the above mentioned fluid milk brands are
dominant on the shelves of these retailers in the
country.

3. Empirical strategy

Nonlinearities and asymmetric adjustment are
important issues to be addressed. This is true es-
pecially when the aim of the model is to take into
account a threshold mechanism, which causes
a different adjustment to transmission of price
signals. We employ the Engle and Granger two
step method (1987) to test for the co-integration
between the two prices. We assume a symmet-
ric adjustment and use two step methodology to
estimate the long run equilibrium relationship.

We employ ordinary least squares method to es-
timate the long run relation which is given by
equation (1):

RMP, = o + BFGP, + , (1)

Here, RMP is the retail milk price and FGP is
the farm gate price of fluid milk. RMP and FGP
are non-stationary I(1) prices, “a” is an arbitrary
constant which accounts for transfer costs and
quality differences, “B” is the price transmission
elasticity and “p” is the error term that can be
serially correlated. Engle and Granger (1987)
show that the co-integration exists if p~I(0). Re-
siduals from equation (1) are used to estimate

the following relationship:
Ap=puy, Fe @)

Rejection of the null hypothesis of no co-inte-
gration (p#0) implies that the residuals in equa-
tion (1) are stationary.

Enders and Siklos (2001) argue that if the
price transmission is asymmetric, then the stand-
ard tests for co-integration and its extensions
are mis-specified and therefore they consider
an alternative error correction specification that
is called the Threshold Autoregressive (TAR)
model. Recent developments in time series anal-
ysis have recognized the potential for threshold
type adjustments in error correction models.
This issue has been raised in the past literature
on agricultural commodity markets but has not
been resolved in the case of the fluid milk mar-
ket in Turkey and therefore deserves a further
attention. Previous studies have tried to charac-
terize the nature of the milk market in Turkey.
For instance, Hatirli et al. (2006) focuses on
measuring market power and cost efficiency of

3 It was forbidden to sell raw milk to the final consumer during our study period. The government announced a notifi-
cation regarding the supply of raw milk on the 27th of April, 2017 allowing local retailers to supply raw milk to the final
consumers. According to this notification, only the institutions which are free from certain diseases are able to supply raw
milk once they have a required permission. Moreover, it is necessary to establish a cold chain to keep raw milk in an ap-
propriate environment for product safety and raw milk has to be sold within 48 hours following the first stage of milking.

4 During our study period, dairy cooperatives are ineffective in terms of their operational activities. These cooper-
atives mainly establish a cold chain, collect milk from small milk producers and supply these collected milks to milk
processors. Recently, there are only two dairy cooperatives actively supplying/marketing milk and dairy products in
the market (Tire Milk Cooperative and Agricultural Credit Unions), but their market shares are very limited.
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the fluid milk sector in Turkey. They state that
Turkish fluid milk market operates under imper-
fect competition with increased concentration,
higher product differentiation, and greater econ-
omies of scale. In the case of fluid milk market,
the price transmission is likely to be asymmetric
in an imperfectly competitive market structure.
Given the imperfectly competitive nature of the
milk market, we aim to test for the presence of
co-integration with an asymmetric error correc-
tion across Turkish fluid milk market. Therefore,
we follow the Threshold Autoregressive (TAR)
and Momentum Threshold Autoregressive
(M-TAR) method of adjustment in our empirical
strategy to analyze the price dynamics in Turkey
(Enders and Siklos, 2001).

Accordingly, when we incorporate this spec-
ification (the Threshold Autoregressive (TAR)
model) into the equation (2) we obtain,

A“t: Izpll"lt-1+(1_ Il)pzut-l + & (3)

I, is the heavy-side indicator function such

that:
/ :{1 if u, ZT}
"0 i u <t

where 1 is the estimated threshold. This spec-
ification allows for an asymmetric adjustment.
Here, p, and p, represent the speed of adjustment
coefficients for RMP,. The long run equilibrium
is given by Ap=rt. If p, = p,, then the adjustment
is said to be symmetric. If the adjustment is not
symmetric, a negative asymmetry may occur in
the series. If p,#p, and Ap, is above (under) its
long run equilibrium, the adjustment will be giv-
en by p, (p,). Here, the threshold has a particular
importance because it implies that movements
toward long run equilibrium do not take place at
all points in time but only when the divergence
from equilibrium exceeds the threshold (Gho-
shray, 2011).

In equation (4), the heavy-side indicator de-
pends on the level of p_, (Enders and Siklos,
2001). An alternative is suggested by Enders and
Granger (1998) and Enders and Siklos (2001)
such that, the threshold depends on the previous
period changes in p,, and p, series exhibit more

“)

momentum in one direction which is called Mo-
mentum Threshold Autoregressive (M-TAR)
model. Here, the heavy-side indicator is set by
using lagged changes in Ap,.

1
I = 0

The consistency of equations (1), (4) and (5)
allows us to structure an error correction model
as following:

if Au_, ZT} )

if Au_ <71

ARMP = 0+¢"ECT", +@ ECT  + Y o ARMP,

i=1

+ ia’ARMP;. + zn:ﬂ*AFGP;.
i=1 i=1

+ iﬁ’AFG -
i=1

+9, (6)

All the lagged prices (RMP and FGP) are split
into the positive and negative components as in-
dicated by “—” and “+” superscripts. The error
correction terms “ECT” are constructed from the
threshold co-integration regressions in equations
(3), (4) and (5). The asymmetry in the adjust-
ment speed is checked by defining disequilibri-
um terms using ¢ 'ECT;, and ¢"'ECT_,. We use
a'ARMP and o ARMP_,, the lagged retail milk
price increases and decreases, respectively, and
B*AFGP;; and BAFGP_ the lagged farm gate
price increases and decreases, respectively, in order
to capture the asymmetries in the short run.

4. Data and empirical results

In this section, we discuss the relationship
between market structure and the asymmetric
speed of price adjustment in the Turkish liquid
milk market. In order to analyze the price asym-
metry in the Turkish dairy sector, we use the
logarithms of average monthly farm gate milk
prices (FGP) and average monthly retail milk
prices (RMP) for the period from January 2003
to December 2016. Average monthly retail milk
prices are obtained from Turkish Statistical In-
stitute (Turkstat) and monthly farm gate prices
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are obtained from National Milk Council. As
expected, these two variables are likely to be
non-stationary.’

We estimate the long-run relationship between
the two milk prices following the Engle-Granger
methodology as specified in equation (1):

RMP, =0.6732 + 1.8352 FGP, + ,
(34.3258) (72.0891) (7)

where t-values are provided in parentheses.

In Table 1, the residual is used to conduct a unit

root test with the specification given in equation
(7) in the form of Engle-Granger, TAR, TAR con-
sistent, M-TAR and M-TAR consistent models.
We use the thresholds, T = 0 for TAR, ©=-0.0766
for TAR consistent, T = 0 for M-TAR, and 1 =
-0.040 for M-TAR consistent. In estimating the
threshold values for consistent TAR and M-TAR,
we follow the methodology introduced by Chan
(1993). We choose 2 lags depending to Akaike
criterion (AIC) statistics and we also find that dif-
ferent lag specifications in the models have little
impact on the final threshold values selected.

Table 1 - Results of the Engle-Granger and threshold cointegration tests.

Item Engle-Granger TAR Consistent TAR M-TAR Cﬂf};’;m
Estimate
Threshold(t) NA 0 -0.077 0 -0.040
P, -0.208%** -0.133%* -0.107* -0.149%* -0.148%**
(-4.255) (-2.174) (-1.941) (-2.109) (-2.852)
P, NA -0.310 *** -0.429%** -0.251%#* -0.481*#*
(-4.3753) (-5.421) (-4.032) (-4.503)
Y, 0.046 0.059 0.100 *** 0.048*** 0.136
(0,582) (0.762) (1.294) (0.616) (1.633)
Y, 0.147* 0.149* 0.171%* 0.139* 0.123
(1.890) (1.942) (2.265) (1.788) (1.602)
AIC -150.425 -152.392 -160.430 -149.707 -156.619
(0] NA 11.178%*** 15.754%%% 9.698** 13.556%**
p=p," NA 3.9177 3.917 1.255 8.197
[0.049] [0.001] [0.264] [0.005]

Parentheses are the t statistics.

D is the F statistics with the null hypothesis p,=p,=0 with critical values from Wane et al. (2004).

@ Entries are the sample F statistics for the null hypothesis that the adjustment coefficients are equal. P-values

are provided in square brackets.

Three, two and one asterisks (*) denote that the estimated coefficient is statistically significant at, or below, one,

five, and ten percent level, respectively.

5 Dickey-Fuller unit root test results are 0,3813 for RMP and -0,1859 for FGP with critical values of -3.4731 for

1%, -2.8799 for 5% and -2.5765 for 10%.
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As shown in Table 1, the t statistics for the
coefficient of p,, equals -4.255. Thus, the Eng-
le-Granger test confirms that the two price series
are co-integrated at 1% level. The nonlinear co-in-
tegration analysis is conducted using the threshold
autoregression models. The estimated residuals of
equation (7) in the form of TAR, TAR consistent,
M-TAR and M-TAR consistent models are given
in Table 1. The sample value of TAR, TAR consist-
ent and M-TAR consistent models are significant at
1% level, M-TAR model is significant at 5% lev-
el and @ (F) statistics indicate that two series are
co-integrated. The null hypothesis that the adjust-
ment coefficients are equal (p,=p,) is also rejected
for TAR, TAR consistent and M-TAR consistent
models. The equality of adjustment coefficients is
not rejected only in M-TAR model. Conducting a
model selection test, that is the Akaike criterion, we
conclude that the TAR consistent model is appro-
priate one to be selected. Therefore, model estima-
tion results suggest that the TAR consistent model
detects the asymmetry better than the other models.

Thus, these results indicate an asymmetric ad-
justment and suggest that the retail and farm gate
prices are co-integrated in Turkey. The values of
the adjustment parameters (p, and p,) have the
correct signs and suggest the convergence. But
the estimates also suggest that decreases in farm
gate prices are eliminated more quickly com-
pared to the price increases. Positive deviations
in the long-term equilibrium resulting from in-
creases or decreases in the prices (p,_,>-0.077)
are eliminated at a rate of 10.7% per month. Neg-
ative deviations in the long-term equilibrium re-
sulting from increases or decreases in the prices
(Ap, <-0.077) are eliminated at a rate of 42.9%
per month. In other words, positive deviations
take about 9 months (1/0.107=9.34 months) to
be fully digested whereas negative deviations
take about 2 months (1/0.429=2.33) to be ful-

ly digested. Therefore, there is a substantially
slower convergence for positive (above thresh-
old) deviations from long-run equilibrium com-
pared to negative (below threshold) deviations.

The evidence of an asymmetric co-integration
leads to the estimation of the ECM with long-run
asymmetric equilibrium. Long-run adjustments are
allowed to differ depending on the previous peri-
od changes in the long-run error terms. The model
of co-integration with TAR consistent adjustment
justifies estimation of the error correction model as
specified in equation (6).° We estimate the asym-
metric error correction model with threshold co-in-
tegration and our results are given in Table 2.’

Three, two and one asterisks (¥) denote that
the estimated coefficient is statistically signifi-
cant at, or below, the one, five, and ten percent
level, respectively (the results are based on
Newey-West standard errors).

Table 2 - Results of the asymmetric error correction
model with threshold co-integration.

Item Estimate
® 0.004 (1.903)*
of 0.581 (5.020)***
o) -0.077 (-1.615)
o 0.659 (2.955)***
o, -0.402 (-1.119)
B1 0.136 (1.259)
B3 -0.045 (-0.391)
B1 0.557 (2.454)**
B3 0.183 (0.681)
¢ -0.088 (-3.434)***
0N 0.015 (0.113)
R? 0.549

AIC -319.257

Note: t-values are provided in parentheses.

¢ The Granger theorem (Engle and Granger, 1987) indicates that an error correction model can be estimated where
all the variables are co-integrated with the assumption that the adjustment process due to disequilibrium among the
variables is symmetric. For analyzing asymmetric price transmission, Granger and Lee (1989) decompose error cor-
rection terms and first differences on the variables into positive and negative components. In this way, it is possible
to know whether positive and negative price differences have asymmetric effects on the dynamic behavior of prices.

7 Furthermore, the hypotheses of Granger causality between the two prices are assessed with F-tests (not reported in
the paper). The F-statistic of 12.8617 and the p-value of 0.0000 reveal that the price of raw milk does Granger cause the

price of retail milk.
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As seen from Table 2, the short run coeffi-
cients o and B" suggest the presence of price
symmetries. Wald tests also confirm this result.?
The point estimates of the coefficients for the
error correction terms are -0.88 for the positive
error correction term (significant at 1%) and
0.015 for the negative error correction term that
is also significant. Therefore, we see that in the
short term the price of milk has some different
responding speed to positive and negative devi-
ations but the difference is weak for the negative
ones. This result may suggest that a threshold
specification of the long-run mechanism pro-
vides a more plausible representation of the farm
gate and retail price relationship.

The insignificant ¢ and significant ¢* suggest
that raw milk price increases adjust while price de-
creases do not adjust in the long run. We also note
that the speed of adjustment terms (¢” and ¢) are
usually sensitive to the sample period and may
have poor small sample properties (Enders and
Siklos, 2001). Thus, the corresponding Wald test
result has not shown asymmetry for the speed
of adjustment terms for error-correction models
based on TAR consistent model.

5. Conclusion

This paper examines the extent to which in-
creases and/or decreases in farm gate prices dur-
ing the past years have been transmitted to retail
level prices for an important food commodity,
fluid milk, in Turkey as a developing country.
In this study, we particularly examine the price
transmission between raw milk and retail milk
markets using the threshold co-integration. We
also analyze the price adjustment in the short
term through an asymmetric error correction
model with a threshold co-integration. The mo-
tivation of our research on price transmission
is to reveal whether prices are integrated since
co-movement of prices in different markets can
be interpreted as a sign of efficient markets,
while the absence of price co-movement can be
viewed as a sign of market failure. Therefore,

we aim to determine whether any causal rela-
tionships exist among prices in the Turkish fluid
milk market.

Our results report the price relationship between
these two fluid milk markets over the fourteen
years. Accordingly, the transmission between the
two prices has been asymmetric in both the long
term and short term period of time. The thresh-
old co-integration analysis reveals that in the
long term positive deviations of the price spread
between the two markets take about 9 months to
be fully digested, while negative deviations take
about 2 months. Thus, the results state that the na-
ture of asymmetry is captured by the TAR model
which suggests that the path of adjustment to the
long run equilibrium relation is relatively faster
when the price differential is decreasing com-
pared to the case when it is increasing.

Differences between the farm and retail milk
prices can exist due to marketing costs across the
supply chain and pricing policies associated with
the market structure. But, when we look at the
long-run relationship between farm gate and re-
tail prices (equation 7), 1 Turkish Lira increase in
the farm gate price increases the retail milk price
by 1.84 Turkish Lira. This result may indicate a
significant market power in the Turkish fluid milk
market. Therefore, in this asymmetric case, the
deviations can be the reason of the market power
of the processors/retailers and the reason of the
oligopolistic market structure in the sector.

In Turkey, producers are subject to various re-
strictions for marketing of raw milk and govern-
ment intervenes to raw milk prices, therefore the
processors/retailers have an unequal bargaining
power over the producers. Moreover, produc-
ers keep their raw milk products in the cooling
tanks, where it stays fresh only for a few days,
thus they need to be sold within a short period of
time. As the processing industry is concentrat-
ed and the structure of unions and cooperatives
are ineffective, the producers of raw milk work
under contracts and inevitably they have a lit-
tle bargaining power over the processors.’ This
implies that the farm price of milk is mainly de-

8 Wald test results (not reported) can be provided upon request from the authors.
% Collected milk by the industry (registered milk production) is around 50% of the total production (Turkstat, milk

and milk products various years).
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termined by the industry, due to a little market
power of the farmers. On the consumption side,
the milk can stay fresh for several months on the
shelves in UHT (Ultra-High Treatment) packets
causing processors/retailers to benefit from a
greater elasticity compared to producers. Also,
there is no government intervention to the flu-
id milk market on the consumption side and the
prices on the shelves are freely determined.

There is only a small number of big and tra-
ditional brands (SEK, Danone, AOC, Yorsan,
Ulker, Pinar) in the Turkish milk market and the
market structure is highly competitive. The im-
provements in the UHT technology enable firms
to operate with stocks. Therefore, there is a high
level of competition in the retailers’ shelves.
Also, as stated above, there is a big mark-up in
pricing the fluid milk products. Therefore, the
firms/brands react immediately to price decreas-
es in raw milk and easily transmit the price de-
creases to their final products. But it is not the
case for price increases; the firms/brands do
not react quickly to price increases in raw milk
products. The profit margin is high enough to
compensate the increases in raw milk prices, so
the deviation is much slower. This result is con-
sistent with Ward (1982) stating that the market
power can lead to negative asymmetric price
transmission if oligopolists are reluctant to risk
their market share by increasing output prices.
Thus, the price response behavior of retailers
is found to be consistent with asymmetric price
transmission. These findings have profound im-
plications for studying margins along the fluid
milk market, therefore ignoring the asymmetry
in price transmission is likely to cause calcula-
tions of margins to be biased.

In summary, Turkey has the opportunity to
improve the dairy sector and to achieve modern
standards in the means of production and struc-
ture of dairy farms. But the problem arises first-
ly from the high cost of production (low farm
gate prices) and secondly from the high fluid
milk prices on the shelves. The effects of high
prices on households make it necessary for pol-
icy makers to know whether and to what extent
farm prices are transmitted to retail prices and
its impact on the economy. In the Turkish dairy
farms, small farmers face many difficulties for

satisfying the capital requirements of buildings
and improving a dairy farm structure, and there-
fore effective marketing and production agricul-
tural cooperatives can be organized to maintain a
better market strategy. Moreover, the producers
can gain a bargaining power over the processors
and also can reach to final consumers directly.
This may help to depreciate the power of the
processors and the retailers over the producers
and consumers improving the production and
consumption of milk in Turkey. Finally, we hope
that findings reported here will give directions
for future qualitative and quantitative studies in
Turkey that will systematically guide policy ma-
kers to build reforms and regulations improving
the fluid milk market structure.
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