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Considering threshold effects in the long-run equilibrium in a vector error
correction model: An application to the German apple market
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Abstract — We propose a three-step procedure to
estimate a regime-dependent vector error correction
model (VECM). In this model, not only the short-run
adjustment process towards equilibrium is non-linear,
as in threshold VECM and Markov switching VECM
frameworks, but the long-run equilibrium relationship
itself can also display threshold-type non-linearity. The
proposed approach is unique in explicitly testing the null
hypothesis of linear cointegration against the alternative
of threshold cointegration based on the Gonzalo AND
PITARAKIS (2006) test. The model is applied to apple
price data on wholesale markets in Hamburg and
Munich, using the share of domestic apples in total
wholesale trade as the threshold variable. We identify
four price transmission regimes characterized by
different equilibrium relationships and short-run
adjustment processes. This proposed approach is
particularly suitable for capturing irregular seasonal
threshold effects in price transmission typical for fresh
fruits and vegetables.

Keywords— threshold cointegration, spatial price
transmission, vector error correction model

L. INTRODUCTION

Applications of the threshold vector error correction
model (TVECM) to analyze price transmission assume
that prices are linked by a constant long-run
equilibrium relationship, while allowing for threshold
or switching effects in the short-run adjustment
process towards this equilibrium. The TVECM (e.g.
GOODWIN AND PIGGOTT, 2001; MEYER, 2004; SERRA,
GIL AND GOODWIN, 2006; BALCOMBE, BAILEY AND
BROOKS, 2007) distinguishes between regimes
depending on whether the deviation of prices from
their long-run equilibrium, in other words the error
correction term (ECT), is above or below a threshold
value. For example, if the ECT exceeds a specific
threshold which is determined by the size of the
transaction costs, then more rapid adjustment to the

constant long-run equilibrium is expected than if the
ECT is smaller than the threshold value, in which case
adjustment might even cease altogether. In the
Markov-switching VECM (e.g. BRUEMMER ET AL.,
2008), shifts between different adjustment regimes are
triggered by unobservable state variables. Both models
maintain the hypothesis of a linear long-run
equilibrium relationship. This may not always be
justifiable. For example, if product qualities or the
direction of trade between two markets changes, then
the long-run relationship between the prices on these
markets may change as well. Failing to account for
non-linearity in the long-run relationship can lead to
misleading estimates of this relationship and the
adjustment processes that lead to it.

In this paper we propose a three-step procedure to
estimate a regime-dependent VECM. In this model,
not only the short-run adjustment process towards
equilibrium, but also the long-run equilibrium
relationship itself can display threshold-type non-
linearity, as a function of the size of a stationary
variable with respect to a threshold value. The
proposed approach is unique in explicitly testing the
null hypothesis of linear cointegration against the
alternative of threshold cointegration based on a test
proposed by GONZALO AND PITARAKIS (2006). As
GONZALO AND PITARAKIS (2006) point out, the use of
the term ‘threshold cointegration’ in connection with
threshold VECMs is misleading because in a threshold
VECM it is actually the adjustment or error correction
that is subject to threshold effects, while the
cointegration itself (i.e. the long-run relationship) is
assumed to be constant and linear.

We apply this procedure to data on daily apple
prices on wholesale markets in Hamburg and Munich.
Due to substantial seasonal variation in supply
quantities, prices and price differences, we
hypothesize that the equilibrium relationship between
prices in Hamburg and Munich is subject to threshold
effects, with the share of German as opposed to
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imported apples in total wholesale trade acting as the
threshold variable.

We proceed as follows. Chapter 2 contains a
literature review; chapter 3 presents the GONZALO
AND PITARAKIS (2006) test and a three step procedure
based on this test to study threshold cointegration in a
regime-specific VECM. Chapter 4 describes the
seasonal characteristics of supply and price
determination on wholesale apple markets in Hamburg
and Munich. Estimation and results are presented in
chapter 5, and chapter 6 concludes.

1. METHODS

A. Test on threshold effects in cointegration

GONZALO AND PITARAKIS (2006) propose a test of
the null hypothesis of linear cointegration:

(1) ye=PBx¢+uy
against the alternative hypothesis of cointegration with

threshold effects:

(2) vt =Bx+ A% L (qp—q > 7)+uy
with x; =x;1+v,, where ¥ and V; are scalar and p-
valued disturbance  terms

vector stationary

respectively, ;-4 with d21 is a stationary threshold
variable lagged by d periods, and 1(q,_,>») 1is an

indicator function that equals one if 4/, >7, and

zero otherwise.
GONZALO AND PITARAKIS (2006) propose a supLM
test based on the following statistic:

1 ' _ '
3)  LMT()=—uMX, (X, MX,) X, Mu
0
where M :I—X(X'X)_IX' , X stacks all values of
x; in the linear model (1), and Xy stacks the values

of x; corresponding to the criterion ¢; > 7 in the non-
linear model (2). T is the length of the full sample, u

. . ~2 . . .
is the residual, and o is the residual variance of the
linear model (1).

The LM test statistic LM (y) is calculated for all

possible values of the threshold variable 4;. A

trimming parameter is employed to ensure a minimum
number of observations on each side of the threshold.
The supLM test statistic is given by

(4)  supLM =sup,.r LM7(4)

Critical values for this test statistic are taken from
ANDREWS (1993).

B. A three-step procedure for estimating the threshold
cointegration model

We propose the following three-step procedure to
estimate a regime-specific VECM which includes non-
linearities not only in the short-run and equilibrium
adjustment process but also in the long-run
equilibrium relationship between prices in question.

First, since the test for threshold cointegration by
GONZALO AND PITARAKIS (2006) requires that the
time series data be integrated of order 1, we determine
the order of integration of the data series by
conducting unit root tests.

Second, we test the null hypothesis of linear
cointegration

() yi=agtaFx tu,

against the alternative hypothesis of threshold
cointegration:

6) v =(ao+ay*x)+ A+ A4 *x)(qq > y)+u,

utilizing the supLM test proposed by GONZALO
AND PITARAKIS (2006).

Third, we estimate an unrestricted, regime-specific
ECM by including dummy variables defined by the

indicator function 1(¢,4 >7) corresponding to the

threshold determined by the supLM test. This ECM
takes the form:

(7

K
Ay, =By+80*1(q—q > 1)+ Z(ﬂlmAxt—mH + O 1 *1(Gy—q > 7))

m=l1

L
+ i+ Som* 1on * - >7)

n=l
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B Y1+ B3 v U Gp—d > 1)+ B * X+ * 1 * g > 1)+ &

The regime-dependent cointegration vector can be
retrieved from equation (7) as:

(8) ag=—(Bo +00 *1(qt—d >N /(B3 +3*1(qt—d > )
and
(9) a1 =—(B4+04*1(qr—d > ¥N(P3+3%*1(q1-q > 7).

Accounting for this type of non-linearity in a
cointegration regression allows the long-run
relationship to move back and forth between regimes
as a function of a threshold variable, rather than
hypothesising a one-off break in this relationship. This
is an appealing model in settings, such as the one
explored below (spatial trade in apples), in which price
transmission is hypothesised to be seasonal, but the
timing and duration of seasons differs from year to
year depending on weather and harvests in the regions
that are linked by trade. In such settings, the use of
seasonal dummy variables to account for seasonal
variation in the equilibrium relationship (e.g. CHAVAS
AND MEHTA, 2004) might not be sufficiently flexible.

1II. APPLICATION AND DATA: THE
GERMAN WHOLESALE MARKETS FOR
APPLES

The procedure outlined above is applied to spatial
price transmission between wholesale prices for apples
in Hamburg and Munich, Germany. The wholesale
apple markets in Hamburg and Munich are the largest
in Germany, together accounting for 42% of all apples
traded on the five largest German wholesale markets
between 2003 and 2006. We utilize 942 daily prices
for German apples on wholesale markets in Munich
and Hamburg between 2003 and 2006 (Figure 1).

About 60% of the apples produced in Germany are
grown in the two largest apple growing areas:
Niederelbe (8,840 ha), which is close (roughly 50 km)
to the wholesale market in Hamburg; and
Bodenseegebiet (7,000 ha), which is somewhat less
proximate to the wholesale market in Munich (roughly
250 km). German apples are stored in large
warchouses and can be supplied year-round by

growers to wholesale markets. However, the supply of
German apples on the wholesale markets in Hamburg
and Munich is characterized by substantial seasonal
variation in 1) quantities, 2) prices and 3) price
differences.

First, the daily share of German apples in all apples
traded on the wholesale markets in Hamburg and
Munich varies seasonally between 1% and 60%
(Figure 2). In addition to German apples, imports from
Italy provide another ,domestic‘ (i.e. intra-EU) source
of apples that is roughly synchronised with German
supply and accounts for up to 66% of all the apples
traded on wholesale markets. Apple supply from these
northern hemisphere countries is continuously high
during the winter months, and decreases in spring until
summer. At this time, the supply of apples originating
in southern hemisphere countries (Argentina, Brazil,
Chile, New Zealand, South Africa and Uruguay)
increases, peaking at up to 90% of daily wholesale
apple trade in early summer. When newly harvested
German and Italian apples enter the market in late
summer, the share of German apples traded increases
steadily and the share of southern hemisphere apples
drops sharply until they are driven out of the market in
the fall. In the course of an average year, apples grown
in Germany, Italy and southern hemisphere countries
account for roughly 90% of all apples traded on
wholesale markets in Hamburg and Munich.

Figure 1: Prices of German apples on wholesale markets
in Hamburg and Munich, 2003-2006
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Second, the price of German apples is highest when
newly harvested apples become available in late
summer. Thereafter, prices drop continuously during
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the fall harvest, and remain almost constant during
winter until spring when apples are sold from storage.
In late spring, when apples from southern hemisphere
countries reach a substantial market share, German
apple prices slightly increase or decrease depending on
the quantity and quality of southern hemisphere apples
supplied. Similarly, prices of southern hemisphere
apples are highest at the beginning of their season in
spring, when they enter the market as newly harvested
produce. At this time the price of southern

Figure 2: Prices and share of apples originating in
Germany and southern hemisphere (SH) countries
represented by New Zealand of all apples traded in
Hamburg and Munich
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Figure 3: Price difference between apple prices in
Hamburg and Munich (in % of Hamburg price) and share of
German apples in total daily trade
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hemisphere apples may exceed the price of German
stored apples by up to 100%. Thereafter, prices of
southern hemisphere apples drop continuously until
the end of the season in fall.

Third, prices differ between wholesale markets in
Germany. Figure 1 illustrates that the price level is
higher in Munich than in Hamburg. The average
difference amounts to 14%, but it varies, being
relatively low and stable in the winter/spring months,
and higher and more variable in late summer, when
the share of German apples traded is low and newly
harvested apples enter the market (Figure 3). Traders
report that the Munich market demands higher quality
than Hamburg, which explains the higher average
prices in Munich. This is especially apparent in
August/September when the first new-harvest
domestic apples appear on the market and command
premium prices. Furthermore, the closer proximity of
the Hamburg market to the nearest production region
in Germany leads to a lower transport cost component
in apples prices there. Traders report that transport
costs from the growing area to the wholesale market
account for between 4%-7% of the wholesale price in
Hamburg compared with 6%-9% in Munich.

Based on this description of the markets, we
hypothesise that price transmission between the
wholesale apples markets in Hamburg and Munich
will be seasonally regime-dependent depending on
whether these markets are mainly supplied from
domestic or imported sources. However, an important
characteristic of the seasonal pattern of apple prices
and quantities is that it is irregular, caused by random
variations in weather and the timing and quality of
harvests in Germany and elsewhere. This irregular
seasonality is typical for fresh fruits and vegetables
markets (see e.g. RODRIGUEZ AND HERNANDEZ,
2005). For example, the German apple season (defined
as the date on which the share of German apples in
total trade increases to over 10% for the first time in a
year) started as early as July 22 in 2003 and July 14 in
2005, and as late as August 17 in 2004 and August 7
in 2006. Similarly, the beginning of the southern
hemisphere apple season varies between January and
March. Related to these fluctuations, the variety and
quality composition of the domestic and imported
apples traded in Hamburg and Munich can vary
considerably from year to year.
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For this reason, a modelling approach based on
seasonal dummy variables would be too inflexible.
Instead, we hypothesize that the equilibrium price
relationship between wholesale prices in Hamburg and
Munich is subject to threshold effects, with the share
of German apples in total wholesale trade acting as the
threshold variable. This specification allows for
seasonal regime shifts to occur at different times from
year to year, depending on the timing and volume of
the German harvest.

V. EMPIRICAL RESULTS

The results of the ADF test (DICKEY-FULLER,
1981) and the KPSS test (KWIATOWSKI ET AL., 1992)
suggest that the wholesale apple prices in Hamburg
(pfx) and Munich (p¥;) (about 930 observations

each) are I(1). Also, the Johansen test and residual
based test on cointegration indicate that there is
cointegration over the whole sample.

Next, we conduct the GONZALO AND PITARAKIS
(2006) test for threshold cointegration between pZ,

and p¥, for model (I) plr=r(pier) With plepas the
dependent and p¥., as the independent variable and
model (I) p¥r = f(pzr) With the converse structure.

The daily share of apples produced in Germany in
total wholesale trade in Hamburg and Munich is used
as the threshold variable. Since this variable fluctuates
from day to day, we smooth it by calculating the
central moving average of the nearest 12 observations
for each observation (see figure 5). In this way we
avoid repeated, ’back and forth’ regime changes that
would otherwise occur in periods in which the variable
is close to its threshold value. The LM-test statistic in
(3) is estimated for all observed values of the threshold
variable, with the trimming parameter is set to 0.08 to
ensure that each regime contains at least 8% of all
observations. Figure 4 presents the estimated value of
the LM-test statistic and the corresponding value of
the threshold variable for models 1 (panel a) and II
(panel b). For model I, the value of the LM-test
statistic is highest for the threshold values 0.105 and
0.399, corresponding to LM=45.20 (p-value<0.01) and

LM=50.41 (p-value<0.01), respectively. For model II,
the LM-test statistic is highest for the threshold values
0.121 and 0.335, corresponding to LM=48.69 (p-
value<0.01) and LM=21.99 (p-value<0.01),
respectively.

Figure 4: Values of the Gonzalo-Pitarakis test statistic
a) Model I (p" = 1(»"))
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Since the LM statistic displays two distinct peaks,
we assume that there are two significant thresholds
and correspondingly three long-run equilibria in the
cointegration relationship between apple prices in
Munich and Hamburg. To this end, three dummy
variables are included in the model: SMALLER is
defined by the indicator function/(g,_; <0.121);

BETWEEN is redefined by 17(0.121<gq, , <0.335);
and LARGER is defined by 7(0.335<¢,_,).

Furthermore, we note that the BETWEEN regime
occurs twice each year; once during the transition
from LARGER to SMALLER (from spring to early
summer) as the share of German apples is falling; and
once during the transition from SMALLER to
LARGER (from late summer to fall) as the share of
German apples is increasing. These two transitions
represent very different market conditions: In the
former, newer southern hemisphere apples
progressively replace older stored apples from the last
domestic crop; in the latter, the new domestic crop
replaces imported southern hemisphere apples. To
account for this, we divide BETWEEN into
BETWEENI1 (spring) and BETWEEN2 (fall) with
appropriate dummy variables. Figure 5 illustrates the
mapping of observations into the four resulting
regimes.

In the following, to shorten the presentation, we
carry out the subsequent analysis using threshold
values for model II (0.121 and 0.335) alone; results
based on threshold values from model I (available on
request) are qualitatively similar.

The presence of cointegration between the Hamburg
and Munich prices in each of these four regimes is
tested using both a residual-based (ADF) test and the
Johansen trace-test (Table 1).

The results unambiguously point to cointegration in
all regimes except BETWEENI (spring), where the
results of the cointegrating ADF test only points to
cointegration when Munich prices are regressed on
Hamburg prices. Table 1 also shows unweighted mean
and standard error of the price difference between the
Munich and the Hamburg market for each regime.

The price difference and standard error are by far
highest in regime BETWEEN?2 (fall), followed by the
regime SMALLER. The price difference and standard
error is lowest for the regimes LARGER and
BETWEENTI (spring).

In the next step we estimate the unrestricted regime-
dependent ECM with four regimes according to (7) in
models I and II.

Our hypothesis of a regime-dependent model in
which the long-run relationship (and correspondingly
the adjustment process) displays threshold behaviour
is supported by the results of the likelihood-ratio test.
In this test, the value of the log-likelihood function of
the regime-specific ECM with 4 regimes according to
(7) (unrestricted model) is compared to that of an
ECM over all observations without distinguishing
between regimes (restricted model). The null
hypothesis that the restricted model is superior to the
unrestricted model is clearly rejected at low p-values
in model frameworks I as well as II (Table 2).

Table 3 presents the estimates for the long-run price
transmission elasticity and the speed of adjustment for
the regimes SMALLER, BETWEEN2 and LARGER,
for which the data series were identified as
cointegrated. The t-values account for autocorrelation
and heteroscedasticity in model I and for
heteroscedasticity only in model II.

Results indicate that the price transmission elasticity
varies significantly between regimes and model
frameworks. The coefficient corresponding to the
speed of adjustment to the long-run equilibrium has
the correct negative sign and is statistically significant
in all cases with the exception of the regime
SMALLER in model framework II. This indicates that
the price relationship is unidirectional in the regime
SMALLER, with the Hamburg price error correcting,
whereas the Munich market is dominating the price. In
the other cases the price relationship is bi-directional
and error correcting behaviour is identified for both
markets. Furthermore, results for both models suggest
that deviations from the long-run equilibrium are
corrected fasted in regime BETWEEN2 in fall and
slowest in regime LARGER during winter. The speed
of adjustment is also quite high in the regime
SMALLER in model I. Results obtained for the full
data set (COMPLETE) suggest that the price
relationship is unidirectional and that the Hamburg
price only error corrects whereas the Munich market
dominates the price.
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Figure 5: Attribution of the observations of the Munich apple price to the four regimes based on thresholds
retrieved from the GONZALO-PITARAKIS (2006)
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Table 1: Results test on cointegration and price volatility of the 4 regimes
(Residual based test without intercept and trend), model II limits
BETWEENI SMALLER BETWEEN2 LARGER
. (spring) (fall) .
Dummy variable 185 obs (summer) 111 ob (winter)
V.
Number of obsv. 0.121<a <0334 214 obsv. DSV 424 obsv.
Threshold limits AL =109 g, <0.121 01219, <0335 q,>0.335

Test on cointegration

a)Residual based test

ADF t-value,
[number of lags],
(p-value)

Model I

In(pier) = f(n(p s
Model I

In(p e ) = £ (n(p g

-2.34, [2 lags]
>0.1)

-3.892, [0 lag]
(<0.01)

4,999, [0 lag]
(<0.01)

-3.892, [0 lag]
(<0.01)

2.998, [0 lag]
(<0.05)

3.949, [1 lag]
(<0.01)

-3.265, [1 lag]
(<0.05)

-4.557, [0 lag]
(<0.01)

b) Johansen trace t.
LR™° zero versus
one coint. rel., lags
(p-value)

11.62, [2 lags]
>0.1)

25.39, [2 lags]
(<0.01)

24.76, [2 lags]
(<0.01)

25.63, [2 lags]
(<0.05)

Price difference

Mean
(standard error)

M H
| PGER - PGER |

4.266 (2.445)

12.266
(14.435)

30.105 (16.309)

9.175 (5.341)
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Table 2: Likelihood ratio test results

Model I (" = r(p"))

Model 11

(pier = F(Pler)

LR-test statistic 42.524 56.835
Degrees of freedom 15 15
p-value 0.0002 <0.0001

Source: own calculations

Table 3: Estimates for the long-run price transmission elasticity and the speed of adjustment for the 4

regimes and the full sample

Model 1 Model IT
. M H
(in(pldpp) = Fn(pr)) ) (In(pger) = f(In(pGer)))
ngmy Parameter Estimate t-value Estimate t-value
variable
Price transmission
SMALLER elasticity 0911 1.087
summer
¢ ) Speed of adjustment -0.118 -2.077 0.034 0.870
Price transmission
BETWEEN2 elasticity 1.340 0.225
fall
(falh Speed of adjustment -0.123 -2.510 -0.117 -2.985
Price transmission
LARGER elasticity 0.056 0.348
winter
( ) Speed of adjustment -0.044 -3.645 -0.080 -4.054
Price tra}n§mission 0.638 0.495
COMPLETE elasticity
Speed of adjustment -0.072 -3.131 -0.023 -1.470

Source: own calculations

Taking into account the time period, market
condition and error-correcting behaviour, the four
regimes can be characterized as follows:

Regime SMALLER (summer): Corresponds to the
market conditions in May/June-July/August, when the
remainder of the stored apples of the previous harvest
and the first apples of the new harvest are supplied to

the market. This is the only regime in which the
price relationship is unidirectional with the Munich
price not error correcting and thus dominating the
Hamburg price. In contrast, the Hamburg price error
corrects at relatively high speed. This may be
attributed to the harvest season starting earlier in the
southern parts of Germany implying that new apples
are first sold on the Munich market. Thus, the initial
price level for the new harvest is set on the Munich

12" Congress of the European Association of Agricultural Economists — EAAE 2008



market and is transmitted to the Hamburg market.
Price differences between the Hamburg and the
Munich market are relatively high giving leeway to
profitable arbitrage opportunities implying strong
market integration.

Regime BETWEEN? (fall): This regime matches
with the time period July/August-September, when the
daily traded share of newly harvested, apples grown in
Germany increases implying that prices of German
apples and the apple price level in general declines,
inducing apple supply of southern hemisphere
countries to vanish. Deviations from its long-run
equilibrium are corrected fastest in this regime in both
models compared to the other regimes.

The intense integration of markets with the
compared to the other regimes highest speed of
adjustment to the long-run equilibrium may be traced
back to the highest mean difference between prices in
Munich and Hamburg in this regime.

Traders confirm that large amounts of apples traded
between northern and southern Germany in this time
period. For example, substantial amounts of special
varieties of apples (Boskop, Cox Orange), which are
particularly grown in the northern part of Germany,
are sold to the market in southern Germany to be
stored in warehouses. Also, if the harvest is good in
one and bad in the other area, e.g. due to hail or bad
weather during bloom, producers the area with the bad
harvest will buy apples from the other region to fill
warehouses.

Regime LARGER (winter): Relates to the market
conditions prevailing during September to March,
when almost exclusively German and Italian apples
stored in the regional warehouses are supplied to the
wholesale markets. Prices in both markets do error
correct, but the speed of adjustment is lowest
compared to the other regimes. Yet, the speed of
adjustment of the market in Munich is higher than of
the market in Hamburg. This low speed of adjustment
to the long-run equilibrium might be attributed to the
relatively low mean price difference between the
wholesale market in Hamburg and Munich limiting
profitable interregional trade and implying a low
degree of market integration.

Regime BETWEENI (spring): Is in accordance
with the time period March-April/June, when the share
of stored German apples sold declines and apple
warehouses are cleared, whereas the share of newly
harvested apples grown in southern hemisphere
countries increases. Cointegration between the prices
of the Hamburg and Munich market can not be
confirmed unambiguously, indicating that a long-run
equilibrium relationship does not exist. In this regime
price differences between Hamburg and Munich are
lowest, reducing the margin for profits resulting from
interregional trade. This might explain why
cointegration can not be identified clearly. In addition,
since apples have been stored for quite some time at
this point of time, once they are taken out of the
warehouse, the apples perish very fast which is a
further factor restricting interregional trade in this
regime.

VI. CONCLUSIONS AND DISCUSSION

In this paper we propose a three-step procedure to
estimate a regime-dependent VECM accounting for
threshold effects not only in the short-run adjustment
towards the long-run equilibrium but in the long-run
equilibrium relationship as well. This type of non-
linearity allows the long-run equilibrium relationship
to move back and forth between regimes as a function
of the size of an exogenous threshold variable with
respect to a threshold value, rather than hypothesizing
a one-off break in this relationship. This model seems
to be particularly suitable in settings of irregular
seasonal price transmission, typical for fresh fruits and
vegetables, in which the use of seasonal dummy
variables to account for seasonal variation in the
equilibrium relationship might not be sufficiently
flexible. The proposed price transmission model
estimation strategy is unique in utilizing the test by
GONZALO AND PITARAKIS (2006) on the hypothesis of
linear versus threshold cointegration.

In our application to the German wholesale market
for apples we find clear evidence of threshold
cointegration with the share of German apples traded
in total wholesale market trade serving as the
threshold variable. We identify two thresholds in the
cointegration regression and distinguish four price

12" Congress of the European Association of Agricultural Economists — EAAE 2008



transmission regimes which are characterized by
different equilibrium relationships as well as short-run
adjustment processes towards this equilibrium. Our
econometric results fit well with the actions on the
German apple market.

This research will be extended to further enlighten
the connection between the size of the price difference
between the markets in Hamburg and Munich and the
degree of market integration. Actual costs of
transporting apples from one market to the other will
be gathered and be compared to the size of price
differences in each regime.

In addition, the factors inducing differences in price
transmission elasticity implying non-linear
cointegration will be further investigated. In this study
the risk of successfully selling apples in another
market probably plays a major role whereas variation
in transport costs is of minor importance.

Further, the price responses in one market to a price
shock in the other market for each regime could be
analyzed by impulse-response functions.

The model could be extended and regard for
threshold effects induced by the ECT term, as in the
threshold VECMs, also. Yet, this faces the problem
that with increasing number of regimes in a model, the
number of observations entering into the estimation of
the parameters of a regime decreases.
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