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Abstract

A time series model is estimated to identify the interrelation among prices on the international and the EU domestic market for skimmed milk powder (SMP). Although the findings were not derived from a causal model, the inspection of the data provides economically reasonable and important insights in the structural relationship between international and domestic prices. The fact that international prices in the EU and Oceania are causal for each other is an indication of an integrated market. However, price transmission is not perfect suggesting that competition between the EU and Oceania exists, however not as intense as it could be expected for a homogeneous good like SMP. Further, the estimates provide some indication that the EU absorbs price fluctuations form the world market to a limited extend only. Fluctuations of the EU international prices, on the other hand, are absorbed to a large extent by Oceanian prices. The reason for this reaction remains unclear. One explanation may be the inappropriate fixing of export refunds. This explanation is supported by the finding that price variations within the EU are also transferred to international markets.
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1 Introduction
One important issue in the ongoing WTO negotiations concerns the further liberalisation of agricultural trade. One argument that favours free trade is that resources are not used according to shadow prices due to distorted price structures. A reduction of barriers to trade would induce a reallocation of resources according to comparative advantages. The redirection of trade flows and the increase of overall welfare depend on several conditions. First, policies need to affect import demand and export supply of a country and not only the domestic market. Second, the markets have to be integrated so that signals provided in one market are transmitted to other countries. It can be assumed, that the larger the benefits will be, the more the markets are integrated.

In this paper we choose the milk market as an example to discuss these aspects. This market is selected because it belongs to the most protected agricultural markets, and, significant liberalisation can be expected from the Doha round of the WTO negotiations. Furthermore, export of dairy products is highly concentrated while imports by country are rather fragmented. This market structure allows not only a simple analysis of the relationships on the world market. A further advantage is that the data requirements are relatively low. We focus on development on the world market for skimmed milk powder.

The main objective is to identify the interrelation of price movements on the world market, in order to access the degree of market integration. Since the milk market in the EU is highly protected by various policy means, we also investigate the degree of integration of EU external and internal markets. This concerns two questions. First, whether EU absorbs shocks on the external market, and second, whether it de-stabilises the external market by transmitting internal shock to the world market. 

The procedure is as follows. Chapter 2 -4 deal with developments on the world market and agricultural policy. The description serves especially the justification of the theoretical model, which is discussed in chapter 5. Discussion of empirical results is subject of Chapter 6. Chapter 7 provides a summary and a discussion of the findings. 

2 Developments on the World market of Dairy products

2.1 Trade of milk products

In relation to world production, trade with milk products is relatively small and in the last years, in milk equivalent terms, has amounted to about 7% of total production. However, in 2007, global export supplies of key milk products dropped to 38 m t, an amount which represents 5,6% of production only. This is the lowest trade share in many years, indicating some key potential changes in the structure of dairy world trade.

The world market of milk products is dominated by a small number of countries (Figure 1). The most important export region is the EU-27 and New Zealand and Australia, and the USA with market shares of 27%, 24%, 12%, and 9%, respectively (FAO 2008). Figure 1 provides that the destinations of European exports are Russia, Northern Africa, the Near East and the USA. Oceania delivers mainly to Japan, South-East Asia and China. The USA serves mainly the American market. The fact that the individual import markets are located close to the export countries, suggests that transport costs play a considerable role in trade. Moreover, since demand is relatively fragmented, the main export regions may be able to exploit market power (Rabobank 2006). Recently, a steady increase of exports from South America (Argentina) as well as from some Asian countries could be observed. However, their total market share is still low compared to that of the big players (OECD 2007).

Skim milk powder is one of the most important milk products traded on the world market. Global production amounts to about 3.2 m t and 1,1 m t is traded on the world market. The major exporters are New Zealand (327thd t in 2007), the USA (255thd t), Australia (175thd t) and the EU-27 (170thd t). Total trade has declined in 2007, due to lower exports from Australia and New Zealand and, in particular, from the EU. By contrast, deliveries from the USA have increased significantly (Figure 2). New Zealand serves mainly the Philippines, China, Thailand and Saudi-Arabia, while the key US export market is Mexico. The destinations of European exports are Northern Africa, the Near East and Thailand. The Australian export has relatively near markets (Malaysia, Indonesia).
3 EU policy and the milk market

The milk market traditionally enjoys intense policy interventions in the EU. Import tariffs and quotas, minimum prices, public storage in form of intervention, export subsidies as well as production quota are some of the means applied in the various countries. Information about the intensity of policy intervention on the milk market in OECD countries is provided in Figure 3. Protection in the EU has decreased to a large extend in the last years, however, support of milk production still plays a substantial role. Countries which export a large share of own production, especially Australia and New Zealand, forgo protection to a large extent.

The core element of the EU Market Organization for Milk and Milk Products is an intervention system, with the aim to prevent that market prices for milk and milk products could fall below a given level. The price guarantees were supplemented by a quota system that restricts production. In addition, the domestic market is protected by a system of import quota and tariffs. In order to sell surplus production on the world market, the EU pays export refunds.
The EU has defined about 400 products for which export refunds are paid. About 50% of these definitions concern butter, milk powder and cheese (Agrar Europe 2005). Export subsidies were fixed weekly on the basis of the difference between domestic and world market prices. The USDA regularly publishes a range of world market prices for Western Europe for the different milk products. These are constructed from actual commercial contracts and price announcements. However, the contracts already take into account the amount of export refunds. In turn, the EU uses the publications of the USDA as a guideline for fixing the export refunds (Court of Auditors 2003). Thus, there is a severe endogeneity problem involved in estimating world market prices and export refunds. In addition, the Court of Auditors criticizes that there is no close connection between the price differences and the actual payments. The EU Commission considers additional factors like the stability of the internal market, restrictions resulting from WTO commitments, as well as future trends on the markets. The individual contributions of these factors remain unclear, however, in sum these factors cause that export subsidies are generally higher than the price differences.

4 Development of world market prices

The high protection of the EU milk market leads to differences between internal and external EU prices for skimmed milk powder (Figure 4). These are especially pronounced when the public stocks of SMP in the EU are zero. Moreover, the international prices for the EU and Oceania fluctuate together. This suggests that, despite the regional separation of export markets, the international markets are integrated to at least some extent.
In addition, the volatility of world market prices was relatively low in the period under investigation. However, in 2007 EU domestic prices for skimmed milk powder experienced a sharp increase. The EU international prices followed this development and consequently, export subsidies were abolished. International prices in Oceania rose also to the level of EU domestic prices. In the beginning of 2008 international prices dropped significantly and reached a level comparable to that of the period 2000 to 2006. 

5 Modelling world market price developments and empirical implementation
Because of data availability we constructed the model using information for the EU and Oceania. Despite that one important actor on the world market is not considered, the relationships between world market price series provide important insights about the role of the EU in the world dairy market. 

The empirical information can be summarized as follows:

· Competition between the two main export regions exists. However, due to transport costs and a favourable development of demand the intensity of competition might be relatively low. 

· Export refunds have to be paid to sell the surplus of milk products in the EU on the world market. The size of the subsidies is related to the difference between world market prices and domestic prices in the EU. 

· However, because export refunds are fixed as the difference between external and internal prices, EU world market prices also depend on the export subsidies. 
These considerations lead to the following structural regression model: 
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and peu, weu, woz¸and eeu denote EU domestic and international prices, prices in Oceania and EU export refunds, respectively.

Since the time series are non-stationary, the model was not estimated by 3SLS, instead, an error correction model was specified:

(2)

[image: image6.wmf]t

i

t

i

i

t

t

u

p

Γ

p

α

p

+

D

+

P

+

=

D

-

-

=

-

å

1

1

1

r

, with 
[image: image7.wmf][

]

'

eu

eu

eu

oz

t

p

e

w

w

=

p

. 
Accordingly, the hypotheses were not tested by comparative statics but by impulse response analysis. 

In (2) ( represents the degree of autocorrelation of the original series. (i are (k(k) matrices picturing short run adjustments. Given that the vector-autoregressive processes governing (2) is non-stationary, the rank (r) of the matrix ( is smaller than k. In this case, ( can be written as the product of two (k(r) matrices ( and (, each with rank r: ( = ( (’. ( is called the co-integration matrix. It transforms the non-stationary vector pt-1 into a stationary process. Thus, (’ pt-1 represents the long run relationship. The loading matrix ( reflects the velocity with which, after a shock, the system converges to the long-term equilibrium (Lütkepohl 2004).

Since the main focus will be on the identification of relationships between the variables, the estimates are used to reveal causal relationships and to construct the impulse response functions. These analysis rely on the transformation of (2) into a vector-autoregressive (VAR) process (3) and a vector moving average (VMA) process (4), respectively (Breitung et al. 2004)

(3)
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(4)
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with initial conditions (p*0). 
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 represents the long run impact of the shock in the residuals.

In principle, this procedure can be applied to investigate the relationships among process on the international markets for dairy products. However, the figures on the development of prices provide that structural breaks in the data might not be excluded. Especially in 2007 when prices were at a considerably higher level this can be expected. For instance, in this year, the development of EU international prices appeared to be decoupled from the development of the international prices in Oceania and followed the EU domestic prices.
However, even in recent years substantial advances have been made regarding the testing and consideration of structural breaks in VAR models; there exists no unified procedure to account for structural breaks. In this paper we applied a procedure, which consists of four steps. (1) Tests on the existence of unit roots were conducted. However, due to of size limitations the results will not be discussed (see Table 1 for test results). (2) The number of co-integrating relationships was determined using the Johanson procedure. (3) Stability of the cointegration vectors was checked using the Gonzalo Pitarakis (2006) test. The test checks whether the co-integrating relationship is stable or structural breaks cannot be rejected. In order to prove the stability of the short run parameters, we applied a Markov Switching VAR model (VECM-MS) (Krölzig 1997). (4) According to the test results a final VECM was constructed and estimated.

6 Empirical results

6.1 Characteristics of the co-integrating relationship
Since the data generating processes are likely to posses unit roots, the ECM approach (2) provides the appropriate strategy for the identification of the structural relationship among the series. In a first step, the number of lags to be considered in the estimation has to be determined. According to the Hannan-Quinn- und Schwarz-criterion, the optimal number of lag in the corresponding VAR (3) is two for SMP. This provides that in the ECM, i. e. the estimation of the first differences, one lag should be considered (Table 2).

According to the (trace and (max statistics (Johanson xxx), the series possess one long term relationship (i.e. one co-integration vector). Moreover, a constant in the co-integration vector could not be rejected. Given the theoretical model (1) it can be assumed that this relationship basically represents the equation which determines EU international prices. With this assumption, the estimated parameter of weu was used for the normalisation of the co-integrating vector . Moreover, the results of the Gonzalo Pitkorakis test provide strong evidence for the existence of s structural break in the long run relationship. The shifts between the regimes occur when public stocks are zero. Given these results and regarding the long run relationships, we tested whether the short term effects are also stable by estimating MS-ECMs (Krölzig 1997). Conflicting results concerning breaks in the short run parameters were found and we concluded that the relationships are stable. 
Concisely said, we can conclude that the series for SMP are co-integrated. However, the long run relationship for SMP is characterized by regime shifts while there is only limited support for shifts in the short run relationships. The model was estimated using the Johanson procedure. The regime shifts in the long run relationships were considered by an indicator function, controlling for the regimes for which the process was resided. Practically this was achieved by the implementation of corresponding parameter restrictions.
6.2 Parameter estimates and causality considerations

The parameter estimates are presented in Table 3. The ones for short and long run adjustments are generally highly significant. Exceptions are EU world market prices. Beyond, the parameters of the cointegrating relationships have the expected signs. EU international prices are positively correlated with Oceanian and EU domestic prices and negatively with export refunds.

The two regimes found for SMP differ with regard to all long run parameters. In periods where stocks are zero, EU international prices react less sensitively to changes in Oceanian prices and stronger to changes in EU domestic prices. Moreover, as expected, export refunds are not significant in this regime. In addition, the parameter estimates for the constant suggest that prices are at a lower level when stocks are zero. This provides an indication that stocks are especially released when international prices are high. 

The loading matrixes have the expected magnitude with parameter estimates mostly between one and minus one. Moreover, since parameters are close to zero, rather fast adjustment processes take place. Only in regime 2 for EU domestic prices there is an indication that this price does not contribute to a steady state since it increases the differences from the long run relationship. However, the results are quite unsatisfactory from an econometric point of view, since most of the parameters of the loading matrix are not statistically significant.
The residual analysis provides that important requirements regarding the error terms are not fulfilled. The Breusch Godfrey tests suggest that almost all residuals are characterized by long run autocorrelation. The ARCH_LM test provides that the variance of the residuals is not stable, i.e. the homoskedasticity assumption is not fulfilled. In addition, normality is rejected for all series. Alternative specifications with a higher number of lags were estimated. However, the models did not provide more appropriate results and were not as parsimonious as the original model. 
Table 4 provides information of the causality structure revealed in the estimation. Two concepts are used: Granger causality (Granger 1969) and instantaneous causality (Burda 2001). Granger causality is present when knowledge about previous realization of a series improves the predictability of other series. This was checked via restrictions in the ECM that led to an exclusion of the variables of interest in the VAR. Two causality directions were tested. First, it was checked how a price series improves the predictability of the other series (active). In addition it was tested how one series is affected by the other prices (passive). Instantaneous causality refers to a situation, in which the predictability of a series is improved when the realizations of other series in the period to be predicted are already known. Instantaneous causality was analysed by checking correlations among the residuals. It comprises direct and indirect effects which causes that for k > 2 no direct relationships can be identified (Breitung et al. 2004). 

The results provide that most tests are highly significant, so neither Granger nor instantaneous causality can be rejected for most prices. Interestingly export refunds are subject to instantaneous causality and they affect the other series significantly. However, there is no significant longer impact of domestic and international prices on export refunds. This result is consistent with the fact that export refunds are adjusted weekly and thus react rather fast to the developments on the international and domestic markets. Furthermore, changes in Oceanian prices appeared to be rather quickly absorbed by the other price changes as well.

6.3 Impulse response analysis

Even if not all test statistics are fully satisfactory, model (2) can be regarded as a reasonable approximation to the developments on the world market for SMP. Thus, further analysis of the estimates in form of the impulse response function can be conducted. In order to isolate direct effects, orthogonalized impulse responses were calculated with a Cholesky transformation of the variance-covariance matrix of u in (4). The matrix 
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was adjusted correspondingly (Breitung et al. 2004).

Figure 5 shows the impulse response functions for regime one (stock are not zero and export refunds are positive). The individual reactions correspond to the hypothesis discussed for the structural model (1). The strongest reactions exist for changes in EU international prices and for changes in the individual series. Interestingly, the changes in EU prices affect Oceanian prices more than the own price changes. On the contrary, the impact of Oceanian prices on EU international prices is rather low. This suggests that the impact of the EU on world market prices is quite strong and the EU can be considered as the major if not the dominant player. Moreover, this also indicates that there exists competition on the world market, however, on a reduced intensity, as far as the reactions of EU international prices are concerned. Thus, despite a homogeneous product is traded, no pure Bertrand competition is present. 
In addition, a shock in export refunds reduces both, EU international and Oceanian prices. However, even the reaction of Oceanian prices is relatively low; this indicates that changes in refunds not only influences the price relation in the EU, but to some extent is also transmitted to the world market. 
7 Discussion

The empirical evidence can be summarized as follows. First, SMP export by countries is rather concentrated. The main players on the world market are the EU and Oceania, and the USA. However, due to transport costs and a favourable development of demand the intensity of competition may be relatively low. Second, EU domestic prices are significantly higher than prices on the world market. The reason is the high protection of milk production in the EU. However, the international prices for Northern Europe and for New Zealand are on the same level. Moreover, prices, domestic and international, seem to fluctuate together. Third, the EU pays export refunds to sell its surplus of milk production on the world market. Because export refunds are fixed as the difference between domestic and internal prices, which are a function of export refunds, a severe endogeneity problem exists.

With regard to the three objectives mentioned in the introduction, the following conclusion could be drawn: International prices in the EU and Oceania are integrated. The reaction of these prices in response to a shock corresponds to the theoretical reasoning. Higher prices on the world market in one region lead to higher prices in the second. This suggests that competition on the international market is not so intense it could be expected for a homogeneous good like SMP. 

The estimates provide furthermore indication that the EU absorbs fluctuations form the world market. Interestingly, changes of prices in Oceania have no impact on the domestic EU market. Fluctuations of the EU world market prices, on the other hand, are absorbed to a large extent. The reason for this reaction remains unclear. One explanation may be the inappropriate fixing of export refunds. Variations on the EU domestic market are also transferred to the international markets.

Although the findings were not derived from a causal model, the inspection of the data provides economically reasonable and important insights in structural relationship between international and domestic prices for SMP. It can be expected that similar relationships exists for other milk products as well. Moreover, the findings have some important implications for assessing the effects of trade liberalisation. Since price adjustments are not fully transferred, the positive impacts of trade liberalisation may be overestimated, when this affect is not taken into account.
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Appendix
Figure 1:
Important international trade flows of milk products
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Source: Rabobank (2006).

Figure 2:
Important export and import regions of skim milk powder (1000 t), 2004-2008
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Source: USDA FAS (2008)

Figure 3:
Producer Single Commodity Transfers (% PSCT) for milk, 1986-2006
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Source: OECD.

Figure 4:
World market and EU prices of skim milk powder (€/t)
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Quelle: USDA, UK Dairy, MC Datum.

Figure 5:
Orthogonal impulse response functions (skimmed milk powder)
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Source: own estimates
Table 1:
Characteristics of the of the individual prices 
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Table 2:
Joint characteristics of the prices series 
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Table 3:
Parameter estimates and residual analysis
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Table 4:
Causality tests
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