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1. Introduction

Value creation and distributions of those gains in seafood trade is reflected by prices of inputs and outputs throughout the value chain. Thus, benefits of seafood trade for artisanal fishers and fish farmers depend on price behavior in different stages of the value chain. The objective of this report is to shed light on price linkages in the value chains for the most important Peruvian seafood products using statistical and econometric analysis. The seafood value chains analysed in this report include farmed shrimp, farmed scallops, farmed trout and wild-caught Peruvian anchovy. These seafood products contribute to the livelihoods of many artisanal producers.
 By providing more of these, producer’s access to international value chains could enhance their earnings and improve their living standards. 

The report discusses the differences between local, regional and international market conditions through analysis and comparison of price differences horizontally and vertically in the value chain. The econometric analysis concentrates on analysing price linkages in the international supply chains. Thus, this analysis provides information about the price formation process in international seafood markets where Peruvian exporters already have a significant presence. Access to market data such as prices and transacted volumes in developing countries is often limited, and the same case applies in the Peruvian seafood markets. In Peru, it is possible to get a snapshot of domestic producer, wholesale and retail prices but time series data of these price variables are much more difficult to obtain. Thus, the types of analysis undertaken for the different species will depend on data availability.

This report is organised as follows; the first section deals with the theory and methodology applied in the analysis of the seafood value chains. The central theory is the law of one price that is used to delimit the extent of markets and to determine the degree of price transmission in value chains. 
The second section deals with the case studies of shrimp, trout, scallop and Peruvian anchovy respectively. Finally, the results of the four case studies are summarised and policy conclusions are discussed.

2. Theory and Methodology for Price Analysis of Value Chains

Price data allows the researchers to analyse relationships between markets (horizontal relationships) and between different stages in the value chain (vertical relationships). Asche, Jaffry and Hartmann (2007) give a good description of how to analyse horizontal and vertical price linkages in value chains. The outset of their discussion is the theory of market integration of which Cournot stated that: “it is evident that an article capable of transportation must flow from the market where its value is less to the market where its value is greater, until difference in value, from one market to the other, represents no more than the cost of transportation” (Cournot, 1971). While Cournot’s definition of a market relates to geographical space, similar definitions are used for product space, but where quality differences play the role of transport costs (Stigler and Sherwin, 1985). The main arguments for why prices equalise within a market are either arbitrage or substitution.

According to this theory, a fisherman will always sell to the buyer who offers the highest price. If all fishers maximise their revenue in this manner, prices between different (geographic or products) markets that in reality constitute one market will equalise. For example, the US markets for head-on shrimp and for peeled shrimp will be the same if producers sell to either of the two markets depending on where prices are highest. However when large transaction costs and barriers-to-entry are involved, some producers may be restricted to sell their fish to the local markets. For instance, access to international markets often requires extensive certification such as HAACP systems and others. Such certifications are expensive to implement, especially for artisanal producers who usually have limited access to capital and which do not have the scale economies to justify such investments. This can create market segmentation where local market prices are lower than international prices. 

In order to provide further intuition on how to use the prices to delimit the extent of a market, a sketch of two market equilibria is presented in figure 1 where the prices are normalized to be identical initially. Assume a demand shock in Market 1 that shifts the demand schedule from D1 to D1’. This demand-shift increases both the price and quantity sold in Market 1. What happens in Market 2 depends on the degree of which consumers substitute between Market 1 and 2. If there is no substitution the price and quantity in Market 2 is not affected. If the goods are perfect substitutes the demand schedule in market 2 is shifted outwards to D2’’ as there is a spillover demand from market 1. The spillover effect also weakens the initial demand shock for Good 1 so that the demand schedule shifts inwards to D1’’ and the relative price between the two markets (goods) are equal at p1’’= p2’’. This is often known as the Law of One Price (LOP). If the goods are imperfect substitutes, the price for Good 1 will remain higher than p2 after the shock demand, even if there will be some spillover and adjustment towards equalisation of the prices. 
The impact of the demand shock in Market 1 on Market 2 is normally measured by cross-price elasticities. The measurement or estimation of cross-price elasticities normally rely on both volume and price data. However, one can also look at the effect of the demand shock only from the price space. A shift in the supply curve of Market 1 also leads to price changes in Market 1. In return, this can have three types of effects for the price of the other good in Market 2. If there is no substitution effect, the demand schedule does not shift and there is no price fluctuation. If there is a substitution effect, the demand schedule shifts down, and the price shifts in the same direction as the price of the first product. At most, the price of the other product can shift by the same percentage as the price of the first product, making the relative price constant so that the Law of One Price (LOP) holds.
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Figure 1. The effects on prices of a positive shift in the demand for Good 1 on the market for Good 2, when the two goods are perfect substitutes.

The basic relationship to be investigated when analysing relationships between prices is 
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where ( is a constant term (the log of a proportionality coefficient) that represents transportation costs and quality differences, and ( gives the relationship between the prices.
 If ( = 0, there is no relationship between the prices and therefore no substitution, however if ( = 1 the Law of One Price holds and the relative price is constant. In this case one can say that the goods in question are perfect substitutes. If ( is greater than zero, but not equal to one, there is a relationship between the prices, although the relative price is not constant, and the goods will be imperfect substitutes.
 

Equation 1 describes a situation where prices adjust immediately. There is, however, often a dynamic adjustment pattern; the dynamics can be accounted for introducing lags of the two prices (Ravallion, 1986). It should be noted that even when dynamics are introduced, the long-run relationship has the same form as Equation 1. One can also show that there is a close relationship between market integration based on relationships between prices and aggregation via the composite commodity theorem (Asche, Bremnes and Wessells, 1999). In particular, if the Law of One Price holds the goods in question can be aggregated using the generalised commodity theorem of Lewbel (1996).

It is straightforward to extend this analysis to value chains where, now, Equation 1 represents prices in two different stages in the value chain. This allows the analysis of how price changes are transmitted from one stage to another in a value chain. For example, one question could be: to what degree do costs change from the producer level until the final consumer level.
In this setting, a particularly relevant question is price leadership. When analysing prices there is usually a simultaneity issue because there is no information of the direction of the causal links. In a value chain one could for example imagine that upstream prices that influence downstream prices or vice versa, or a two-way (simultaneous) influence of price movements. A test for exogeneity in this context is a test whether one of the prices is price leader and can thus be used to determine the direction of causality in the system.  

Thus, this kind of analysis can be applied to the fishery value chain at hand. If the domestic market for a fish species that is also exported is integrated with the international market, then domestic prices should follow the same trends as the export price. In addition, if a particular fish species that is exported has different uses, then the export markets for those uses should also be integrated, given that the fish makes up a large share of the final product. The earlier example of peeled shrimp vs. head-on shrimp would be one such case. These are issues that will be analysed in the following sections for the four case studies at hand namely shrimp, trout, scallops and Peruvian anchovies.   

3. Analysis of International Shrimp Value Chain

3.1 Description of Shrimp Data

The majority of shrimp produced by aquaculture farms in Peru are destined to export markets. It is only during the last 5 years the domestic market has started to receive an increased quantity of the domestic shrimp production. It is common that developing countries tend to export most of their high-value seafood production and import lower-value seafood products (Smith et al., 2010). In this sense, the increased domestic consumption of shrimp can be interpreted as a sign of the economic growth that has taken place in Peru. However, the share of shrimp that goes to the domestic market is still small compared with the export volumes. 

Figure 2 below shows the full set of prices available for the data analysis. The prices represent three different stages in the value chain: 1) domestic wholesale prices, 2) export prices (FOB), and 3) import prices (CIF) of Peruvian farmed shrimp. The categories used for seafood products in trade differ slightly between USA and EU. This explains why the product categories for imported shrimp to EU and USA are not identical in Figure 2. In the US the two largest categories of imported Peruvian shrimp are “peeled frozen” and “shell-on frozen”, while in EU is “Penaeus frozen” and “other frozen”. Penaeus is the type of warm-water shrimp species farmed in Peru.

In the case of exports, it is known that most shrimp products are frozen products, even if product format is not recorded. This means that the export product category is more aggregated than the import categories. The product formats of shrimp sold in the domestic wholesale markets are not recorded either. Therefore, product format of those shrimp products are marked as “Not defined” and this could be both for the fresh and frozen shrimp. 

International shrimp markets are known to be competitive (Keithly and Poudel, 2008; Asche, Bennear, Oglend and Smith, 2011) and this implies that prices should be close to marginal cost. However, due to cyclical behavior of these markets one should also expect periods where price deviates from the competitive price giving higher or lower returns than predicted in the competitive model. These cycles can be caused by factors such as productivity growth, disease outbreaks, climatic variation etc. Cyclical behavior in profitability has been shown to present in salmon aquaculture (Asche, Roll and Tveteras 2007; Andersen, Roll and Tveteras, 2008). Since most of the Peruvian production is headed for export markets with only limited degree of value-added processing, we assume that the export price is closely correlated with the farm-gate producer price.

Domestic wholesale shrimp from Lima have been recorded by the Peruvian Ministry of Production since 2008. The Ministry does not report mean or median shrimp prices, it reports only minimum and maximum prices. This makes it difficult to derive a representative price without applying strong assumptions about how the unobserved mean price relate to the observed Min and Max price. The prices are collected from two different wholesale markets in the Peruvian capital Lima, namely Ventanilla and Villa-Maria. 

The absence of a mean price implies the need for mean price estimation. While the most obvious estimate is a simple mean of the Min and Max prices, this may be misleading as the Max price typically will represent transactions of small volumes, while the Min price will refer to transactions of larger volumes. If there are an equal number of transactions of small volumes and large volumes, then the quantities transacted as large volumes will account for a larger share of total transaction volume. We therefore choose to give more weight to Min price than Max price. Specifically, the Min prices are assigned a weight of 2/3 and the Max prices a weight of 1/3. These weights are somewhat arbitrary, but appear more reasonable than a standard ½ and ½ weighting scheme.
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Figure 2. Monthly shrimp prices 2000-2010 (NMFS, Norwegian Seafood Export Council, Ministry of Production Peru)

In Figure 3 the focus is mainly in the US shrimp market. The figure also includes the estimated mean price for the domestic wholesale market. The export price and import price follow each other closely, even if these are not strictly identical product categories. Moreover, the difference between the two prices is small where transportation costs constitute a small part of the marketing costs. The estimated wholesale price in Lima is, on average, smaller than the export price. 
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Figure 3. US import prices of Peruvian shrimp and Lima wholesale shrimp prices (NMFS, Ministry of Production in Peru).

A similar ‘visual analysis’ exercise is conducted for the European market. Since the export price to EU contains many missing values, it was instead compared EU import prices for Peruvian shrimp with export prices to USA. Once more, there is little difference between the import and export prices and they appear to be following the same long-term trends. This could also indicate that the EU and US import markets for Peruvian shrimp are integrated. This hypothesis is analysed with econometric modeling in the following section.
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Figure 4. EU import prices of frozen Peruvian shrimp and Lima wholesale prices (NMFS, Norwegian Seafood Export Council, Ministry of Production in Peru).

3.2 Econometric Analysis of Shrimp
Table A1 in Appendix 1 shows the results of unit root tests of EU and US import shrimp prices using the augmented Dickey-Fuller (ADF) test. These tests are undertaken to determine whether the price series contain stochastic trends. Rejection of the null hypothesis of unit root will indicate that the price series is stationary. If the null is rejected we will treat a series as nonstationary. The ADF test is estimated using a specification witt six lags. The t-values are then compared with corresponding non-normal critical values that have been tabulated for the ADF test. The test rejects the presence of unit root both for the levels and 1-difference of the log prices, which suggests that import price series to USA and Europe can be treated as stationary. 

Since the data appears to be stationary, the econometric framework of cointegration tests used in Asche, Jaffry and Hartmann (2007) is not appropriate. Instead a vector autoregressive (VAR) model will be used; the model is estimated by ordinary least square (OLS) regressions. In a VAR system the dependent variables are modeled as separate equations. In this system of equations, the dependent variables are modeled as dependent on own lagged (past) values and of lagged values of the other variables in the system. In the case at hand, there are two dependent variables namely the EU and US import prices. The researchers  start out with a generous specification of 12 lags, taking into account that they are dealing with monthly price data. This implies that the current price can be affected by price changes that took place a year ago (i.e. 12 months). Using 12 lags is also a way to deal with certain type of seasonality, if that is an issue. In that case of seasonality effects are strongly prevalent and there could be correlation between same month this year and the previous year. Starting out with a model containing 12 lags, the appropriate lag length is then determined using the Aikake Information Criteria.

Due to the size of the output from these regressions only key statistics are reported, such as Granger causality tests and impulse response analysis. A Granger causality test is an F-test of whether one of the included regressors has useful predictive content, above and beyond the other regressors in the model. The claim that a variable has no predictive content corresponds to the null hypothesis that the coefficients on all lags of that variable are zero. An impulse response function measures the effect of a unit change on X on Y after h periods. This is a useful way to show how a regressor impacts dynamically the dependent variable.  

The VAR system with log import prices of Peruvian shrimp in EU and US implies a system with two equations. The appropriate lag length according the AIC is 11 lags. The full output of regression results is reported in Table 2A in Appendix 1. A test of Granger causality rejects the null that European prices have no predictive content for US import prices and vice versa. The p-values for the two test statistics are [0.0001] and [0.0000]. This implies that there is a two-way influence between US and EU import prices of Peruvian shrimp. This indicates that arbitrage equalises price differences between these two markets. More generally, it reflects that the international shrimp market has become commodified and highly integrated with the growth in the supply of farmed shrimp.

The top two graphs in Figure 5 shows the effect of a 1% change in US and EU import price on the US import price. The upper right hand window in the graph shows that the accumulated effect of a 1% change in the EU import price leads to 1.9% change in the US price after 24 months. Conversely, a 1% change in the US price leads to a more modest rise in the EU price of 0. 5%, as shown in lower left-hand corner. The relative higher sensitivity of US import prices to EU shrimp prices is surprising given that the largest quantities are exported to the US. However, the more important conclusion is that EU and US prices are interdependent reflecting that these markets are integrated. 
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Figure 5. Cumulative impulse response analysis.

3.3 Comparison of International and Wholesale Shrimp Prices

Since import prices to EU and USA are similar in the long run, an interesting question is then what is the difference between international and national prices for Peruvian shrimp. This question is relevant for small scale shrimp producers that, for different reasons, do not target international markets. A shrimp farmer will then be interested to know the difference between the export price and the domestic wholesale price. The mean CIF export price during the period Jan 2008 to Dec 2010 was USD 5.62. In comparison the estimated mean price for Lima wholesale markets was USD 4.88 (with an average Min and Max wholesale prices of USD 3.63 and USD 9.45). Thus the export price is on average 15% higher than the estimated mean wholesale price (and around 50% higher than the average of the recorded Min wholesale prices; the Max prices are less interesting as these will more often represent transactions with smaller volumes).

3.4 Summary Shrimp

The majority of Peruvian shrimp is exported to either USA or Europe. The import prices for these two important markets reflect that there is an integrated international shrimp market for Peruvian shrimp. This is not surprising as international shrimp markets are known to be competitive with many suppliers, especially from Asian countries. Moreover, the traded shrimp products are increasingly based on whiteleg shrimp species, which is also the one that is farmed in Peru. 

The estimated wholesale prices from Lima, Peru, suggest that on average Peruvian shrimp producers obtain higher prices when exporting their products compared to selling it in the domestic market. This also probably reflects the limited size of the domestic market. In conclusion, small-scale shrimp producers could gain higher revenues if they are able to access international supply chains.  

4. Analysis of International Trout Value Chain

4.1 Description of Trout Data

In contrast to Peruvian farmed shrimp production, only a small share of the Peruvian farmed trout production is destined to export markets. Most farmed trout is consumed domestically and often in the same region where production takes place. For example, a large share of the trout produced in the Puno region is consumed in Puno. Puno is the largest region for trout production and also the region where the largest number of small-scale producers are located. Many of these can be considered artisanal producers. 

Figure 6 shows the price series that is used for analysing the value chain for Peruvian trout. There are several “holes” in the export and import prices series of trout products. This reflects that there are months where there are no exports or imports taking place. It also reflects that a relatively small share of the total production volume that is exported when, for instance, compared with shrimp. The largest export volumes are destined to EU as frozen trout products and the next largest is fresh trout exports to USA. A handful of companies export trout in Peru with one company being dominant. 
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Figure 6. Traded and wholesale trout prices (NMFS, Norwegian Seafood Export Council and Ministry of Production in Peru)

Figure 7 focuses on prices from the US market for Peruvian trout exports. Again, the Lima wholesale price is included as a reference price.
 The largest quantity of trout exported to USA is fresh trout. The figure shows that the import price is substantially higher than the export price. This can be explained by the product composition; the export price is made up of fresh and frozen trout exports to the USA, whereas the import price is only for fresh products. Fresh trout commands a price premium over frozen products, thus the import price is higher. Another striking feature is that the Lima wholesale price is considerably lower than the export price. 
There are several possible explanations for the substantial price differential between domestic wholesale and export to USA. First, while most trout exports to USA are fresh products, the trout sold in Lima wholesale markets is probably a mix of fresh and frozen products. Second, only a small share of Peruvian trout production is exported. The exported trout products must be of uniform quality and certified, while domestic markets in Peru are generally less demanding. A large share of Peruvian trout production is farmed using artisanal practices. This can lead to large quality variations in output. 
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Figure 7. Export and import prices of Peruvian trout to USA and Lima wholesale prices (NMFS, Ministry of Production in Peru)

Figure 8 shifts the focus to the European market for Peruvian trout. Europe is the largest market for Peruvian trout exports and here the predominant product is frozen whole followed by frozen fillet. Like the case of fresh exports to USA, the export price of frozen trout to Europe commands a higher price compared to Lima wholesale prices.
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Figure 8. Export and import prices of Peruvian trout to EU and Lima wholesale prices (NMFS, Ministry of Production in Peru)

4.2 Econometric Analysis of Trout
The first step consists of exploring the relationship between the two main export markets for Peruvian trout, EU and USA. However, this presents challenges because the export and import price series for Peruvian trout lack observations for many periods due to no (officially) records of trade in those months. To overcome the shortage of data, two different estimation strategies are applied. First, the missing values for EU import prices were estimated by using export prices of Peruvian trout to EU as predictor of import prices. This involves regressing import prices on export prices, before predicted values can be calculated. For the remaining missing values, we just interpolate using the last available observed value of the import price. The advantage of ‘filling in the gaps’ to create complete time series is that it allows us to use time-series econometrics for the analysis, which is a powerful tool for analysing relationship between prices. 
However, the drawback with data interpolation techniques is the introduction of measurement errors in the data. Therefore, an alternative approach is used that is a simple regression model of the US import price on the EU price and vice versa, using only the actual observations that are available. This simple OLS regression model disregards autocorrelation issues inherent with time-series data, and therefore leads to biased estimates. On the positive side is that only actual values are used for the estimation. Consequently, both approaches have their strength and weaknesses. 

The complete price series with the interpolated values are shown in Figure 9. The price series have been transformed by logarithms for the sake of the regression analysis. The first step in the analysis is to determine the level of integration of the series, i.e., whether the data contain any stochastic trends. In table A3 in the appendix, the unit root tests of the completed data series indicate that the EU and USA import prices do not have the same stochastic trend. The USA price appears to contain a unit root (a stochastic trend) while the EU price does not. This indicates that USA fresh and EU frozen export markets for Peruvian trout are not strongly integrated.
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Figure 9. The logarithm of the interpolated data of imported fresh trout to USA and imported frozen trout to EU.
The next step is to estimate a VAR model for the two trout prices. The appropriate lag length is chosen according to the Aikake information criteria. The model is estimated with 9 lags and the full set of parameter estimates and specification tests is reported in table A4 in the appendix. The specifications tests indicate that autocorrelation remains an issue even after choosing an appropriate lag length. Moreover, the errors appear to have non-normal distributions, and thus violates white-noise assumption. However, despite of these misgivings we precede with Granger causality tests to investigate whether the prices are useful predictors of each other. The test that all the coefficients of the lagged EU frozen trout prices are zero is not rejected for the equation of US fresh trout prices. The test has a p-value of [0.2710]. This indicates that EU frozen trout does not influence the price in the US market. However, the Granger causality test for the US fresh trout price on EU frozen trout rejects the null with a p-value of [0.0000]. This indicates that there is an influence of the US fresh trout prices on EU frozen trout prices. A caveat here is that these tests can be unreliable taking into account the specification tests of the VAR-model.  

Figure 10 shows the cumulative impulse response values for how changes in one price influence the other price over time, according to the estimated VAR system. The upper right and left hand graph shows that a price change of 1% of either own price or EU frozen fish price leads to an exponential growth in price over time for the US price. This explosive growth indicates that this is an unstable system and that the model is not well-specified. The lower graphs for the EU price equation are also strange, for instance the cumulative effect of a 1% increase in the US price is negative after 24 months. Due to these estimation issues, the effects apparent from the impulse response function are disregarded. 
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Figure 10. Cumulative impulse response analysis.

Figure 11 shows a cross plot between the actual observations of the EU frozen price and US fresh price. In other words, any interpolated values are not included. These are the observations used to run the alternative model which is a simple regression model of one price on the other. Since the VAR model indicated that US fresh trout is price leader, we regress the EU frozen trout price on the US fresh price. Since this simple model ignores all dynamics, it can be interpreted as the long-run relationship between these prices. Thus, the estimated model is:
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A 1% change in the US fresh trout price leads to a 0.27% increase in the EU frozen trout price. This suggests that there is a relationship between these prices, although it is not that strong. 
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Figure 11. Cross-plot between US import price of fresh trout and EU import price of frozen trout
4.3 Comparison of International and Wholesale Trout Prices

Finally, the price difference between export prices and Lima wholesale prices is explored. The mean EU and US export prices are on average 47% and 80% higher than the mean Lima wholesale trout prices when comparing the period 2008-2010. If the trade prices are compare against the mean minimum wholesale price in this period the price differential increase to 53% and 88%. As stated earlier, some of this price differential can be explained by quality differences and higher marketing costs for exported trout. However, we also believe that there is a higher price for exported trout even after accounting for the cost and quality differences. Likewise, there appears to be price differences domestically based on the markets where one is able to access (e.g. local artisanal markets versus supermarket chains/restaurants in the capital Lima). To be able to access customers in Lima such as large retail chains requires economies of scale, flexibility in delivery and stability of product quality similar to that required for accessing export markets. 
4.4 Summary Trout
The export markets for Peruvian trout is relatively small compared to the total output. Earlier studies for the German market have shown that the portion-sized trout that Peru export is not part of the wider salmon and trout market. For most uses, portion-sized trout is probably considered an inferior product of say Atlantic salmon and, consequently, its market penetration relies on price competitiveness. The main export market is EU followed by USA and the predominant product in EU and USA are frozen trout and fresh trout respectively. The prices appear to be weakly related based on the unit root tests and the estimated VAR model. Fresh trout appears to be a price leader from the estimated VAR model. However, specification tests identify problems with this model and the results from this model should be interpreted with care. 
Export prices command considerably higher prices than Lima wholesale prices. Some of this price difference can be explained by higher marketing costs associated with certification schemes and higher product quality, amongst other. Artisanal producers in Puno are often restricted to market fish in local markets where prices are even lower than in Lima due to transportation costs. These producers could gain considerable revenue if they were able to enter export markets. This would not only require additional capital investments but also training and know-how of the producers or the organisations they belong to.  
5. Analysis of International Scallop Value Chain
5.1 Description of Scallop Data
Data availability for scallops is similar to that of shrimp and trout. According to the import statistics, the largest volumes are destined for EU where in particular France is an important market. The domestic market traditionally has been the most important, but in 2009 exports accounted for around 50% of the total production of scallops for the first time. 
[image: image15.png]UsD/kg

25 4

15 +

10 +

0 T T T T

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

——— Frozen/dried/salted/brine, US import
——— Other, frozen/dried/salted, US import
——— Pecten maximus frozen, EU import

e Mot defined, US export

——Live/fresh, US import
——Live/fresh, EU import
ot defined, EU export

e (0t Defined, Lima wholesale




Figure 12. Traded and wholesale prices of scallops (NMFS, Norwegian Seafood Export Council and Ministry of Production in Peru)

The export and import prices to the EU market are shown in Figure 13. There appears to be little difference between FOB export price and CIF import price for ‘Other, frozen/dried/salted’ in the figure. The import price for ‘Pecten maximum frozen’ shows slightly more volatility. The estimated Lima wholesale price is higher than the EU trade prices. However, it is important to note that there is a large span between minimum and maximum Lima wholesale scallop prices, making it even more difficult to determine a representative wholesale price compared to shrimp and trout.  
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Figure 13. Export and import prices of Peruvian scallops to EU and Lima wholesale prices (NMFS and Ministry of Production in Peru).
Figure 14 shows the corresponding trade prices for the US market. The export price appears strongly correlated with the import price. Again the Lima wholesale price appears to be slightly higher than the trade prices. 
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Figure 14. Export and import prices of Peruvian scallops to USA and Lima wholesale prices (NMFS, Ministry of Production in Peru)

5.2 Econometric Analysis of Scallops
The first analysis is between the EU and US market for Peruvian scallops. The import price for USA has many missing values for the period Jan 2000 to Dec 2010 due to lack of trade. Interpolation of missing values is done by calculating simple averages of actual price observations prior and after those of the missing values. As stated in the statistical section for trout earlier in this report, interpolation of missing values introduces measurement error in the data. However, this is necessary if one wishes to apply time-series techniques for analysing the data. In Figure 15 the two import price series with interpolated data are shown.

The results from the augmented Dickey Fuller unit root tests reported in table A5 in the appendix shows that the two series have near unit roots. More precisely, the US price appears to contain a unit root, as the null hypothesis of a unit root is not rejected (when evaluated at the highest significant lag, which is the second lag) while for the EU price the null is rejected at the 5% significance level. However, the tabulated t-statistics for the ADF test is sufficiently high to suspect there could be stochastic trends in both series. 
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Figure 15. EU and USA import price of scallops with interpolated values for missing values

The results for the estimated VAR model are reported in table A6 in the appendix. The model was initially estimated for the period 2000 to 2010 but because of apparent parameter instability, with a clear break during 2005, the model was reestimated using only observations from Jan 2006 to Dec 2010. The optimal lag length was determined to be nine lags. The model shows that even with nine lags autocorrelation remains in one of the equations. Moreover, there are issues with non-normality for the residual errors in both equations. While this makes hypothesis tests unreliable, we still proceed to test for Granger causality. The Granger causality test rejects the hypothesis that lagged values of the EU scallop import price do not contribute to predict the US scallop import price with a p-value of [0.0007]. However, the converse is not the case as the null-hypothesis that the US import price is not useful for predicting the EU price is not rejected with a p-value of [0.1227]. This suggests that EU scallop price is the price leader in the market, which sounds reasonable given the large quantities imported to the EU.  
The impulse response functions for the estimated VAR model is shown in Figure 16. The upper right hand figure indicates that the cumulative effect of the EU price on the US price became the strongest after nine months and it declines afterwards. The cumulative effect of the US price on the EU price appears to be negative after 10 months. However, it should be state that the Granger causality did not indicate any significant effect of the US price on the EU price, thus we should not put too much emphasis on this negative relationship. 
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Figure 16. Cumulative impulse response analysis for VAR model with scallop import prices
5.3 Comparison of International and Wholesale Scallop Prices

As can be seen in figure 13 and 14 there does not appear to be much difference between import prices and Lima wholesale prices for scallops. This is also confirmed when means of export prices are compared with mean wholesale price for 2008-2010. The export prices to EU and USA are 6% and 5% below the wholesale price respectively. The uncertainty of what is a representative wholesale price is high, however, as the span between the reported Min and Max prices is very large. If instead Min prices are used as a reference price, then the export prices to EU and USA are 70% and 72% respectively above the wholesale price. Given the large volumes involved in exports, the minimum wholesale price is probably a more sensible reference price, and the price comparison thus suggests that exports lead to significantly higher revenues. 
We do not have specific information about marketing costs associated with exports, but it is reasonable to assume these are higher due to certification schemes. In that case, exports should be based on economies of scale to reap the full economic benefits of higher prices.  
5.4 Summary Scallop
Peruvian scallops export has been increasing with the European market as its most important market. This is reflected by the VAR model which suggests that European import price is price leader compared with the US imports of Peruvian scallops. A caveat specification tests for the VAR model showed issues with non-normality and autocorrelation of the errors. By observing the price development in these two export markets, it might seem that price movements have become more integrated as the trade flow of scallops to USA has increased. The increased export of scallops is also an indicator of the increasing number of aquaculture producers which have control of production with the biological production process, and who are able to obtain economies of scale in the production. 
The domestic wholesale prices for scallop are characterised by large differences between Min and Max prices as recorded by the Ministry of Production. This makes it even more difficult to estimate a representative wholesale price. However, we believe the wholesale price that was estimated using the same technique as for shrimp and trout is too high. Instead, using the Min price as a point of comparison, it can be shown that export prices are higher than domestic prices. Once more, this indicates that there are economic benefits of accessing international markets. However, without information about marketing costs it is difficult to quantify those benefits.
6. Analysis of International Anchovy Meal Value Chain
This analysis differs from the previous three case studies due to data availability and the particular market structure of Peruvian anchovy. Peruvian anchovy is predominantly reduced to fish meal and fish oil, two soft commodities that are mainly used in animal and fish feeds, and in omega-3 products. Only 1-2% of the anchovy catches are used for direct human consumption (DHC). This means that demand for Peruvian anchovy is mostly derived demand. Derived demand is when the purchases of fishmeal and fish oil depends on the demand of the final consumer products such as farmed salmon and omega-3 food supplements. Reduction of Peruvian anchovy to fishmeal and fish oil is also known as indirect human consumption (IHC).
To a large extent the artisanal fleet is excluded from IHC product markets as Peruvian anchovy caught within the 5-mile zone is regulated for DHC use. In practice, however, this regulation is sometimes breached by artisanal fishers (Fréon et al., 2010). One way to bypass this regulation is to let the quality of the fish deteriorate onboard such that the only option is to reduce it to fishmeal and fish oil. Such a practice might seem counterintuitive as presumably consumer-grade anchovy should obtain higher prices. This is not necessarily the case though. Strong international demand for fishmeal and fish oil has resulted in record high prices for these commodities. Because of these practices in artisanal fisheries, the market for consumption-grade anchovy caught within the 5-mile zone is linked to the markets for fishmeal and fish oil. Moreover, large fishmeal producers who have their own industrial fleet also participate in markets for direct human consumption and thereby buy fish directly from artisanal fishers, creating more interactions between these markets. 

6.1 Description of Peruvian Anchovy Data
Peruvian anchovy for human consumption is mainly used as canned products that are either exported or sold domestically. In Peru these canned products are sold in supermarkets and smaller grocery stores. Neither domestic retail prices nor export prices of canned anchovy are available. It is therefore necessary to explore the fishmeal market as a proxy for the market for DHC products of anchovy. Wholesale prices from Lima for 2009 allow us to compare prices for DHC products with IHC products, i.e., fishmeal and fish oil. However, we cannot examine how relative prices of DHC and IHC products behave over time since wholesale prices have only been recorded for one year, 2009.
Figure 17 shows export prices of fishmeal from Peru and soybean meal from Brazil to Europe. Historically these two products belonged to the same market and a study by Asche, Ogaard og Tveteras (2011) suggest they still do, although in a weaker sense than before. The strong demand from aquaculture has led to a doubling of fishmeal prices compared with the average price levels during the 1990s. This have also lifted landing prices of Peruvian anchovy, even more after the introduction of individual vessel quotas in 2009 which shifted bargaining power from fishmeal plants to fishing operators (Tveteras, Paredes and Peña-Torres, 2011). This is also the reason why catches within the five-mile zone, which are regulated for use as DHC, sometimes used for fishmeal and fish oil.  
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Figure 17. CIF prices of fishmeal and soybean meal destined to Europe (International Fishmeal and Fish oil Organisation). 

6.2 Meta-Analysis of Peruvian Anchovy
Several studies have addressed questions relating to price formation in the fishmeal market. One central question in these studies is whether the entry of aquaculture as the largest buyer of fishmeal has led to a decoupling of fishmeal market from vegetable protein markets such as soybean meal (Asche and Tveteras, 2004; Kristoferson and Anderson, 2006; Tveteras, 2010; Nordahl, 2011; Asche, Ogland and Tveteras, 2011). This is a question of whether the price of fishmeal is determined by the price of soybean meal or whether fishmeal is sufficiently unique to have its own price formation process. Fishmeal is more suitable for fish feed than vegetable proteins as it mirrors the nutritional requirements of farmed fish (Drakeford and Pascoe, 2008; Tveteras and Tveteras, 2010). However, innovation in feed formulation is reducing the dependency on marine proteins in fish feed. Historically, farmed salmon has been amongst the largest consumers of fishmeal with inclusion rates around 50% of marine proteins in the feed. In 2010 a new commercial salmon feed was introduced with fishmeal inclusion as low as 15%. This is a sign that dependency on fishmeal is decreasing in aquaculture.    
Figure 18 below shows the fishmeal/soybean meal price ratio. There are two characteristics that are worth noting. First, the introduction of aquaculture as the largest buyer of fishmeal has led to a larger volatility in the fishmeal/soybean meal price ratio. Second, the baseline price ratio remains somewhere between 2 and 3 even if volatility in the price ratio has increased with magnitudes much higher than the baseline case. The two most recent studies by Nordahl (2011) and Asche, Oglend and Tveteras (2011) suggest that the prices between fishmeal and soybean meal remain integrated even if there can be inter-temporal periods where prices decouple. This suggests that the future development of fishmeal prices will depend on soybean meal prices. Thus, one of the reasons why fishmeal prices have been able to remain high is because soybean meal prices also have reached historical high levels.
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Figure 18. The fishmeal/soybean meal price ratio 

The above discussion is relevant for artisanal fisheries of Peruvian anchovy. First, some of their catches are destined to fishmeal and fish oil and, as such, they are directly impacted by developments in these international markets. Second, the price of anchovies used for DHC is influenced by prices of fishmeal, since this represent the opportunity cost of marketing Peruvian anchovy as a food grade fish.  As long as fishmeal prices remain high, there will be a propensity to divert anchovy landings to fishmeal plants, legally or illegally. This tendency will only abate if regulation and control increases or relative price of IHC/DHC decreases. 
6.3 Comparison of International and Wholesale Anchovy Prices

Using average FOB fishmeal prices and fish oil prices it is possible to estimate the equivalent whole weight price of that fish. To produce 1 kg of fishmeal around 4.45 kg of Peruvian anchovy is required, while to produce 1 kg of fish oil around 16 kg of Peruvian anchovy is required. These conversion factors allow us to convert FOB prices for fishmeal and fish oil into corresponding USD/kg price for Peruvian anchovy. We find that a 1 kg of anchovy which provides 1/4.45 kg of fishmeal and 1/16 kg of fish oil is thus worth USD 0.28. In comparison, the wholesale price for food-grade Peruvian anchovy sold in Lima wholesale market is USD 0.46. This means that the wholesale price is 60% higher than the estimated price obtained from anchovy destined for fishmeal and fish oil. Note that marketing cost for anchovy for human consumption is higher than for reduction-grade quality anchovy. For example, as a consumer product the Peruvian anchovy must be stored in a manner that maintains its quality, while for fishmeal and fish oil this is less of an issue. Thus, a 60% higher price is not necessarily sufficient to offset the higher marketing costs.

6.4 Summary Peruvian Anchovy
An important difference between artisanal fishing of, say, scallops and anchovy in Peru is scale. Artisanal fishers of Peruvian anchovy, sometimes, own several large vessels, making these fishing operators seem more like small industrial companies. There are also the traditional small-scale fishers operating in this fishery, making it a heterogeneous group. The artisanal fisheries for anchovy take place inside the 5-mile zone and are regulated for DHC use. But as explained earlier, the regulation is sometimes breached. Non-compliance with fishing regulation creates price linkages between DHC and IHC products of anchovy. Due to lack of data of DHC products and due to the linkages with IHC, this report examined price formation at the IHC level. 
The reason for the fisher’s preference to land the anchovy for fishmeal plant despite the risk involved in breaking regulations is mainly the higher prices. In other words, the 60% higher price at Lima wholesale markets for Peruvian anchovy for DHC compared to the price of Peruvian anchovy for IHC is not sufficiently high to discourage illegal use of anchovy for fishmeal and fish oil. It also implies that market for DHC products is limited, although it is growing.
The dichotomous regulation based on whether Peruvian anchovy is caught by the industrial or the artisanal sector contributes to segment the markets for DHC and IHC products. However, as has been argued here, this creates incentives to break regulations and sell the fish where price is highest. Thus, one should consider whether such type of regulation is the best way to promote the economic interests of artisanal fishers. It is not obvious that the regulation succeeds on this account due to the high fishmeal and fish oil prices.  
7. Summary and Concluding Discussion

In Peru, small-scale fisheries provide livelihoods for many people along the entire coast, from Ilo in the south to Tumbes in the north. These fisheries tend to target coastal fish species sold to local markets in Peru. However, in this study artisanal fishery of an abundant small pelagic fish, Peruvian anchovy is also studied. In fact, the Peruvian anchovy fishery is the world’s largest fishery of a single species. The size of this fishery makes it necessary to broaden our understanding of artisanal fishery that includes vessels that can be technically well-equipped having formidable capacity. 

Compared to capture fisheries, aquaculture is a more recent economic activity in Peru. This new activity in the seafood sector is not only creating economic opportunities along the Peruvian coast, but also in the Andes Mountains and in the Amazonian jungle. Small-scale trout aquaculture is booming in the Andes and has made farmed trout among the three most important aquaculture species in Peru. The other two top aquaculture species in terms of volume and value are shrimp and scallop. The production of the latter two species takes place along the Peruvian coast. 

The usage of artisanal to describe fishers and fish farmers deserves a closer examination. Artisanal normally refers to small scale operations using traditional fishing techniques, such as non-motorised fishing vessels. As stated above, however, not all fishers labeled artisanal in Peru fits neatly into such category. In the anchovy fishery, artisanal fishers operate in large motorised wooden vessels with capacity to land great volumes of fish. The difference between such vessels and industrial steel vessels can be small. In this study we choose to include fishing operations that are not strictly artisanal in the traditional sense, but that can still be labeled small scale when compared with the fishing operations of large integrated seafood companies.

The objective of this study is to analyze how artisanal fishers and fish farmers improve their livelihoods by accessing national and international value chains that bring higher revenues. Small-scale fisheries and aquaculture not only pose technical challenges of how to produce and harvest, but also the challenge of how to sell the fish. It is well known that fish often fetch higher prices in international markets compared to domestic prices in developing countries. As a result, having the skills and resources to access these markets can bring additional economic benefits. 
The results from this study show the possibility of obtaining higher prices when exporting instead of selling to the domestic market. For the four seafood species that were examined in this study - Peruvian anchovy, scallop, shrimp and trout - export prices were mostly higher than those obtained at local wholesale markets. A 50% markup on export prices was common compared to the domestic wholesale price. However, not only international markets offer higher prices. Thus, there are domestic markets such as large cities that pay higher prices for the fish compared to the markets located adjacent to the aquaculture production centers or fishing ports. For example, prices of farmed trout in Lima tend to be substantially higher than those paid in Puno, where the majority of production takes place. Nonetheless, a great deal of the trout production is sold locally in Puno.
Due to the high prices, the ability to access markets that are more geographically distant or that require more value-added processing can be a great asset for small-scale producers. However, small-scale fish producers are often excluded from regional or international markets due high barriers-to-entry. Some of the most important barriers-to-entry include lack of cold-storage transportation and logistics, international trade regulations and certification, limited access to information and know-how, and lack of credit. Moreover, marketing costs are usually higher when exporting, so the net return will be lower than the differential between local and export price indicates. Economies of scale are often required to reduce the barriers-of-entry enumerated above and thus raise a formidable challenge for the small scale sector.   

Another important result from this study is that price formation in international seafood markets is competitive. Several studies have documented the competitiveness of the international shrimp market (Keithly and Poudel, 2008; Asche, Bennear, Oglend and Smith, 2011). Here we come to the same conclusion by showing that import prices of Peruvian farmed shrimp to EU and USA follow the same price formation process. Moreover, we show that the EU and the USA prices are interdependent, which means that arbitrage equalise prices. In the case of scallops it appears that the EU market is price leader, which means that prices in US are influenced by prices in the EU and not vice versa. This is natural given the relatively larger size of the EU scallop market. Peruvian trout exports are twofold with fresh trout going to US and frozen trout heading to EU. Proximity allows the export of fresh trout to USA, which commands a price premium over frozen trout. However, the largest export volumes are the frozen trout to the EU market. In the European market Peruvian trout faces strong competition from regional trout producers and it is unlikely that Peruvian trout is a price leader. The only exception where Peruvian seafood producers can substantially impact international prices is the fishmeal and fish oil markets. In these markets the dominant raw material is Peruvian anchovy. To exploit Peru’s position as the world’s largest fishmeal and fish oil exporter to influence prices in a profit maximising manner requires producers to act in a coordinated manner. This is unlikely with the current industry structure where several large firms compete. 
Since prices are determined internationally, Peruvian seafood producers must be able to sell high-quality products at the international price level or below – in other words, they must be competitive. Many producers are clearly competitive in the markets for fishmeal/fish oil and shrimp. A clear indicator for the competitiveness of these sectors is their expansion level and they were been able to export most of their production. This appears to be less for the Peruvian trout and scallop farmers. In the case of trout, the international market for portion-sized freshwater trout is small and in most cases salmon or large-sized trout (raised in seawater) is preferred by many consumers in Europe and North America. In Germany the market for portion-sized trout constitutes a sub-market that only to a limited extend is influenced by the prices of farmed salmon and capture fish (Nielsen et al. 2007). This delimitation implies that the size of the international trout market can be limited and easily saturated. This could explain why a small share of the Peruvian trout production is exported. However, another equally likely reason is that Peruvian trout producers lack the resources – know-how and capital – that make them competitive and allows them to access international markets. 

While trout farmers in the Andes face somewhat different challenges than scallop farmers and fishers along the coast, there are common denominators in the constraints that small-scale producers face. First, small-scale fish farmers in Peru usually have limited education and training. The same case applies in scallop farming and harvesting which is dominated by artisanal producers. Therefore, production process is often sub-optimal in terms of usage of inputs. Moreover, the knowledge of production cost and income is piecemeal, unsystematic and even less so for the international supply chains and the requirements to access them. Second, most small-scale fish farmers face severe financial constraints and often have problems to cover day-to-day operational costs such as buying feed. This leads to sub-optimal growth of the fish and thus raises farm-gate cost. Due to cash-flow constraints, producers must sometimes sell their fish before it has reached optimal marketable size, leading to lower price per kg. Third, lack of access to cold-chain distribution makes it difficult to bring the fish to market where it could get higher prices. Finally, small-scale producers lack the scale to focus much on marketing issues, as their time and resources need to be spent on production. 
Peruvian authorities provide both training and financial support to fishers and fish farmers. However, the modest size of public funds limits the extent of these public services. For example, there are credits to aquaculture producers, but in practice these are difficult to access. This is partly due to red tape and scarcity of the funds. The training in relation to aquaculture focuses on production issue and it has not resolved the marketing challenge facing the producers. Although, the public support contributes to development of fisheries and aquaculture, there is a need for private solutions. The public support’s activity is limited due to the limited funds available and the bureaucracy involved. 

Two business strategies appear viable to overcome the resource limitations facing the small-scale sector. The first solution is cooperation with larger companies. This appears quite common in shrimp farming and to some extent in scallop farming. There are also interesting examples from trout farming in relation to collaboration between small and large producers. For instance, a few large trout companies provide technical assistance and credit to small trout producers, the small companies in return sell their harvest to the large companies. This model is quite similar to contracting in livestock production such as industrial pork production in the USA. However, the agreements observed in the trout farming in Peru are to a limited degree based on formal contract, but rather on long-term relationships between buyer (integrated trout producer) and seller (small-scale trout farmer). Collaboration such as these based on long-term relations can make the small-scale producer better off by obtaining technical support and higher price. There have been reports where large producers exploit their buyer power and thus pay low prices. However, there are counter examples where long-term relations between small and large scale producers provide both parties economic benefits. In those cases, small-scale producers are able to access higher paying regional or international markets. 

The second solution is that artisanal producers pool resources by forming a cooperative or association. In this case, support from the government in the form of technical training and loans could be beneficial. For example, in the case of scallop farming where only a few companies operate with sophisticated levels of technology and certain degree of control of the biological production process, the artisanal producers could definitely benefit from cooperation and training. 

These case studies highlight the importance of international seafood marketing. Commercialisation is a side of the business that tends to be neglected by the artisanal producers (due to limited resources) and the public institutions. More emphasis on the potential to expand aquaculture production with little concern for the fish market can lead to boom and bust cycle for the new aquaculture industries. Thankfully, the issue of marketing is starting to receive more attention and this project attempts to contribute towards raising awareness of the marketing challenge. 
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9. Appendix
Table A1. Unit root tests of EU and US import prices of shrimp 2000-2011

	Unit-root tests (using Shrimp import EU and US)

The sample is 2000 (9) - 2011 (1)

Lus_imp: ADF tests (T=125, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -3.389*      0.81408   0.1050     0.6046  0.5466    -4.447

  5     -3.346*      0.82125   0.1047    0.04238  0.9663    -4.460  0.5466

  4     -3.384*      0.82155   0.1042    -0.3563  0.7223    -4.476  0.8324

  3     -3.476*      0.81902   0.1038    -0.2395  0.8111    -4.490  0.9203

  2     -3.618**     0.81643   0.1034    -0.2787  0.7809    -4.506  0.9682

  1     -3.725**     0.81417   0.1031     -3.469  0.0007    -4.521  0.9866

  0     -4.627**     0.76780   0.1076                       -4.443  0.0659

Leu_imp: ADF tests (T=125, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -4.123**     0.57605   0.1236     -1.830  0.0697    -4.119

  5     -4.644**     0.53146   0.1249      2.266  0.0252    -4.107  0.0697

  4     -4.314**     0.56091   0.1270     -1.643  0.1030    -4.080  0.0159

  3     -4.559**     0.53738   0.1279    -0.6017  0.5485    -4.074  0.0119

  2     -4.733**     0.52740   0.1276     -1.722  0.0876    -4.087  0.0228

  1     -5.424**     0.47755   0.1286     -2.502  0.0137    -4.078  0.0139

  0     -7.882**     0.34740   0.1313                       -4.044  0.0025

DLus_imp: ADF tests (T=125, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -5.810**    -0.98739   0.1088      1.571  0.1190    -4.374

  5     -5.623**    -0.77022   0.1095     0.1262  0.8998    -4.369  0.1190

  4     -6.162**    -0.75355   0.1091     0.3814  0.7036    -4.385  0.2928

  3     -7.048**    -0.69613   0.1087     0.7862  0.4333    -4.400  0.4556

  2     -8.153**    -0.58495   0.1085     0.9406  0.3488    -4.411  0.5204

  1     -9.932**    -0.46604   0.1084     0.8283  0.4091    -4.419  0.5344

  0     -16.50**    -0.36483   0.1083                       -4.430  0.5711

DLeu_imp: ADF tests (T=125, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -6.826**     -2.0434   0.1299      2.086  0.0391    -4.020

  5     -6.585**     -1.5781   0.1318      2.711  0.0077    -3.999  0.0391

  4     -5.862**     -1.0814   0.1352     -1.554  0.1230    -3.955  0.0034

  3     -8.649**     -1.4234   0.1360      2.122  0.0359    -3.951  0.0033

  2     -9.398**     -1.0393   0.1380      1.266  0.2080    -3.930  0.0012

  1     -12.52**    -0.83649   0.1383      2.982  0.0035    -3.933  0.0014

  0     -18.32**    -0.46519   0.1427                       -3.878  0.0001


Table A2. VAR model of EU and US import prices of shrimp, Jan 2000- Dec 2011

	Estimating the system by OLS (using Shrimp import EU and US.in7)

        The estimation sample is: 2000 (12) to 2011 (1)

URF equation for: Lus_imp

                  Coefficient  Std.Error      HACSE  t-HACSE  t-prob

Lus_imp_1            0.468383     0.1012     0.1125     4.16   0.000

Lus_imp_2            0.332106     0.1104     0.1258     2.64   0.010

Lus_imp_3           -0.133763     0.1133     0.1437   -0.931   0.354

Lus_imp_4           0.0782436     0.1137    0.08630    0.907   0.367

Lus_imp_5           0.0423586     0.1158     0.1345    0.315   0.753

Lus_imp_6           -0.141730     0.1121    0.09225    -1.54   0.128

Lus_imp_7           0.0121783     0.1099     0.1081    0.113   0.911

Lus_imp_8            0.187495     0.1053     0.1274     1.47   0.144

Lus_imp_9          -0.0107024     0.1049     0.1191  -0.0899   0.929

Lus_imp_10          -0.185046    0.09581     0.1202    -1.54   0.127

Lus_imp_11           0.103262    0.08501    0.08725     1.18   0.239

Leu_imp_1           -0.144402    0.08305    0.07472    -1.93   0.056

Leu_imp_2          -0.0504955    0.08667    0.07895   -0.640   0.524

Leu_imp_3            0.218128    0.08602    0.08282     2.63   0.010

Leu_imp_4            0.126619    0.08654    0.07419     1.71   0.091

Leu_imp_5          -0.0506071    0.08723    0.07647   -0.662   0.510

Leu_imp_6           0.0961416    0.07823    0.08306     1.16   0.250

Leu_imp_7          -0.0216349    0.08374    0.08875   -0.244   0.808

Leu_imp_8           -0.128257    0.08325    0.08433    -1.52   0.131

Leu_imp_9            0.137398    0.08505    0.07866     1.75   0.084

Leu_imp_10          0.0290468    0.08532    0.09470    0.307   0.760

Leu_imp_11          -0.132937    0.08176     0.1104    -1.20   0.231

Constant       U     0.311024     0.1927     0.1301     2.39   0.019

sigma = 0.0990386   RSS = 0.9710548928

URF equation for: Leu_imp

                  Coefficient  Std.Error      HACSE  t-HACSE  t-prob

Lus_imp_1          -0.0308020     0.1189     0.1592   -0.193   0.847

Lus_imp_2            0.256663     0.1297     0.1075     2.39   0.019

Lus_imp_3            0.183576     0.1331     0.1484     1.24   0.219

Lus_imp_4           -0.233108     0.1335     0.1247    -1.87   0.064

Lus_imp_5          0.00821188     0.1361     0.1218   0.0674   0.946

Lus_imp_6          -0.0194812     0.1317     0.1344   -0.145   0.885

Lus_imp_7           0.0376558     0.1291     0.1411    0.267   0.790

Lus_imp_8            0.388167     0.1237     0.1184     3.28   0.001

Lus_imp_9          -0.0979219     0.1232     0.1103   -0.888   0.377

Lus_imp_10         -0.0170772     0.1125     0.1198   -0.143   0.887

Lus_imp_11          -0.155329    0.09985     0.1121    -1.39   0.169

Leu_imp_1            0.221217    0.09755    0.09462     2.34   0.021

Leu_imp_2           0.0401408     0.1018    0.08423    0.477   0.635

Leu_imp_3           0.0938620     0.1010    0.08018     1.17   0.245

Leu_imp_4            0.100947     0.1017     0.1587    0.636   0.526

Leu_imp_5         -0.00141359     0.1025    0.08102  -0.0174   0.986

Leu_imp_6           -0.326720    0.09189     0.1001    -3.26   0.002

Leu_imp_7           0.0395360    0.09837    0.09652    0.410   0.683

Leu_imp_8           0.0441598    0.09778     0.1008    0.438   0.662

Leu_imp_9          0.00750343    0.09990    0.09608   0.0781   0.938

Leu_imp_10           0.146316     0.1002    0.09362     1.56   0.121

Leu_imp_11          -0.240072    0.09603     0.1013    -2.37   0.020

Constant       U     0.915843     0.2264     0.2491     3.68   0.000

sigma = 0.116331   RSS = 1.339753808

log-likelihood     226.581617  -T/2log|Omega|     572.802619

|Omega|       8.35381732e-005  log|Y'Y/T|        -7.85559786

R^2(LR)               0.78446  R^2(LM)              0.506949

no. of observations       122  no. of parameters          46

F-test on regressors except unrestricted: F(44,196) = 5.14033 [0.0000] **

F-tests on retained regressors, F(2,98) =

   Lus_imp_1       11.3803 [0.000]**   Lus_imp_2       5.41597 [0.006]**

   Lus_imp_3       2.06082 [0.133]     Lus_imp_4       2.08488 [0.130]  

   Lus_imp_5     0.0663145 [0.936]     Lus_imp_6      0.798350 [0.453]  

   Lus_imp_7     0.0433566 [0.958]     Lus_imp_8       5.52650 [0.005]**

   Lus_imp_9      0.314730 [0.731]    Lus_imp_10       1.87991 [0.158]  

  Lus_imp_11       2.42909 [0.093]     Leu_imp_1       5.08835 [0.008]**

   Leu_imp_2      0.306394 [0.737]     Leu_imp_3       3.26393 [0.042]* 

   Leu_imp_4       1.30261 [0.276]     Leu_imp_5      0.172680 [0.842]  

   Leu_imp_6       8.28168 [0.000]**   Leu_imp_7      0.140854 [0.869]  

   Leu_imp_8       1.48659 [0.231]     Leu_imp_9       1.32817 [0.270]  

  Leu_imp_10       1.05557 [0.352]    Leu_imp_11       3.71975 [0.028]* 

    Constant U     8.40120 [0.000]**

correlation of URF residuals (standard deviations on diagonal)

                   Lus_imp      Leu_imp

Lus_imp           0.099039      0.21040

Leu_imp            0.21040      0.11633

correlation between actual and fitted

      Lus_imp      Leu_imp

      0.81903      0.63487

Lus_imp     : Portmanteau(12): 2.58124

Leu_imp     : Portmanteau(12): 4.0539

Lus_imp     : AR 1-7 test:      F(7,92)  =  0.76708 [0.6163]  

Leu_imp     : AR 1-7 test:      F(7,92)  =  0.60605 [0.7495]  

Lus_imp     : Normality test:   Chi^2(2) =   1.7258 [0.4219]  

Leu_imp     : Normality test:   Chi^2(2) =   12.359 [0.0021]**

Lus_imp     : ARCH 1-7 test:    F(7,85)  =  0.50253 [0.8302]  

Leu_imp     : ARCH 1-7 test:    F(7,85)  =   1.7097 [0.1175]  

Lus_imp     : hetero test:      F(44,54) =  0.86287 [0.6913]  

Leu_imp     : hetero test:      F(44,54) =  0.93916 [0.5821]  

Vector Portmanteau(12): 10.5732

Vector AR 1-7 test:      F(28,168)=  0.67831 [0.8868]  

Vector Normality test:   Chi^2(4) =   14.078 [0.0070]**

Vector hetero test:      F(132,156)=  0.99614 [0.5074]


Table A3. Unit root tests of EU and US import prices of trout 2001-2011

	Unit-root tests (using Shrimp import EU and US.in7)

The sample is 2001 (2) - 2011 (1)

Lusfresh: ADF tests (T=120, Constant; 5%=-2.89 1%=-3.49)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6      1.142        1.0230  0.03947     -3.805  0.0002    -6.400

  5     0.6365        1.0134  0.04175      2.084  0.0394    -6.295  0.0002

  4     0.8990        1.0191  0.04236     -3.255  0.0015    -6.274  0.0001

  3     0.3021        1.0066  0.04409    -0.3592  0.7201    -6.202  0.0000

  2     0.2567        1.0055  0.04393     -1.112  0.2686    -6.218  0.0000

  1    0.08737        1.0019  0.04397     -7.135  0.0000    -6.224  0.0000

  0     -1.003       0.97502  0.05245                       -5.879  0.0000

Leufrozen: ADF tests (T=120, Constant; 5%=-2.89 1%=-3.49)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -2.036       0.73707   0.1309    -0.8984  0.3709    -4.003

  5     -2.357       0.70661   0.1308    -0.4532  0.6513    -4.012  0.3709

  4     -2.583       0.69139   0.1303     -1.043  0.2991    -4.027  0.6042

  3     -3.069*      0.65202   0.1304     -1.386  0.1683    -4.034  0.5558

  2     -3.727**     0.59983   0.1309     -1.644  0.1029    -4.034  0.4111

  1     -4.767**     0.52845   0.1318     -2.323  0.0219    -4.028  0.2527

  0     -7.093**     0.40245   0.1343                       -3.999  0.0675

DLusfresh: ADF tests (T=120, Constant; 5%=-2.89 1%=-3.49)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -5.705**     -1.2995  0.03968    -0.3249  0.7459    -6.390

  5     -7.065**     -1.3713  0.03952      3.687  0.0004    -6.405  0.7459

  4     -5.768**    -0.85125  0.04164     -2.190  0.0306    -6.308  0.0016

  3     -8.446**     -1.2551  0.04233      3.147  0.0021    -6.284  0.0006

  2     -7.859**    -0.76085  0.04392     0.3224  0.7477    -6.218  0.0000

  1     -10.56**    -0.71116  0.04375      1.090  0.2781    -6.234  0.0001

  0     -20.34**    -0.55550  0.04379                       -6.240  0.0001

DLeufrozen: ADF tests (T=120, Constant; 5%=-2.89 1%=-3.49)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -5.228**     -2.0719   0.1328    -0.9430  0.3477    -3.974

  5     -6.965**     -2.3833   0.1327      1.465  0.1458    -3.983  0.3477

  4     -7.457**     -1.9726   0.1334      1.109  0.2698    -3.981  0.2240

  3     -8.720**     -1.6926   0.1335      1.913  0.0582    -3.987  0.2394

  2     -10.18**     -1.2809   0.1350      2.462  0.0153    -3.972  0.1003

  1     -12.39**    -0.86575   0.1379      3.270  0.0014    -3.938  0.0185

  0     -17.56**    -0.44704   0.1435                       -3.867  0.0006


Table A4. VAR model of EU and US import prices of Peruvian trout, Mar 2001- Jan 2011

	SYS( 1) Estimating the system by OLS (using Shrimp import EU and US.in7)

        The estimation sample is: 2001 (3) to 2011 (1)

URF equation for: Lusfresh

                  Coefficient  Std.Error      HACSE  t-HACSE  t-prob

Lusfresh_1           0.480156    0.08394     0.1612     2.98   0.004

Lusfresh_2           0.276812    0.09342    0.08298     3.34   0.001

Lusfresh_3        -0.00679400    0.09266    0.09113  -0.0745   0.941

Lusfresh_4          0.0466506    0.08867    0.05441    0.857   0.393

Lusfresh_5          0.0526358    0.08866    0.06421    0.820   0.414

Lusfresh_6          -0.145246    0.08180     0.1112    -1.31   0.195

Lusfresh_7           0.287606    0.06916     0.1209     2.38   0.019

Lusfresh_8         -0.0751215    0.07187    0.05402    -1.39   0.167

Lusfresh_9           0.126935    0.07035    0.05715     2.22   0.029

Leufrozen_1         0.0397779    0.02828    0.02357     1.69   0.095

Leufrozen_2        -0.0251025    0.02819    0.02186    -1.15   0.254

Leufrozen_3         0.0150714    0.02804    0.02171    0.694   0.489

Leufrozen_4         0.0369644    0.02738    0.02983     1.24   0.218

Leufrozen_5        -0.0455104    0.02774    0.03638    -1.25   0.214

Leufrozen_6         0.0322883    0.02801    0.02011     1.61   0.112

Leufrozen_7        -0.0565679    0.02841    0.02818    -2.01   0.047

Leufrozen_8       -0.00589630    0.02788    0.02137   -0.276   0.783

Leufrozen_9        -0.0139817    0.02744    0.02003   -0.698   0.487

d122007             -0.211194    0.03394   0.009122    -23.2   0.000

Constant       U   -0.0331920    0.04848    0.07566   -0.439   0.662

sigma = 0.0332433   RSS = 0.109406549

URF equation for: Leufrozen

                  Coefficient  Std.Error      HACSE  t-HACSE  t-prob

Lusfresh_1          -0.155117     0.2879     0.1818   -0.853   0.395

Lusfresh_2           0.459467     0.3204     0.4199     1.09   0.276

Lusfresh_3          0.0917452     0.3178     0.5055    0.182   0.856

Lusfresh_4           0.176947     0.3041     0.3194    0.554   0.581

Lusfresh_5           0.156544     0.3041     0.2721    0.575   0.566

Lusfresh_6          -0.503691     0.2806     0.3032    -1.66   0.100

Lusfresh_7          0.0245919     0.2372     0.2837   0.0867   0.931

Lusfresh_8          -0.612163     0.2465     0.2709    -2.26   0.026

Lusfresh_9           0.598585     0.2413     0.4211     1.42   0.158

Leufrozen_1          0.320014    0.09701     0.1052     3.04   0.003

Leufrozen_2        -0.0572215    0.09669    0.09424   -0.607   0.545

Leufrozen_3          0.117683    0.09617     0.1332    0.884   0.379

Leufrozen_4          0.105618    0.09392     0.1149    0.919   0.360

Leufrozen_5       -0.00283217    0.09513    0.07117  -0.0398   0.968

Leufrozen_6         0.0765771    0.09607    0.07962    0.962   0.339

Leufrozen_7        -0.0151426    0.09743     0.1353   -0.112   0.911

Leufrozen_8         -0.126402    0.09562    0.07239    -1.75   0.084

Leufrozen_9         -0.135378    0.09410    0.09987    -1.36   0.178

d122007            -0.0199016     0.1164    0.02495   -0.798   0.427

Constant       U     0.518944     0.1663     0.1555     3.34   0.001

sigma = 0.114016   RSS = 1.28697272

log-likelihood     347.707224  -T/2log|Omega|     685.414595

|Omega|        9.9337448e-006  log|Y'Y/T|        -7.41014478

R^2(LR)              0.983583  R^2(LM)              0.640951

no. of observations       119  no. of parameters          40

F-test on regressors except unrestricted: F(38,196) = 35.0974 [0.0000] **

F-tests on retained regressors, F(2,98) =

  Lusfresh_1       16.2606 [0.000]**  Lusfresh_2       5.49738 [0.005]**

  Lusfresh_3     0.0433108 [0.958]    Lusfresh_4      0.314102 [0.731]  

  Lusfresh_5      0.315148 [0.730]    Lusfresh_6       3.25540 [0.043]* 

  Lusfresh_7       8.58489 [0.000]**  Lusfresh_8       3.67574 [0.029]* 

  Lusfresh_9       4.79694 [0.010]*  Leufrozen_1       6.51149 [0.002]**

 Leufrozen_2      0.582234 [0.561]   Leufrozen_3      0.904958 [0.408]  

 Leufrozen_4       1.57513 [0.212]   Leufrozen_5       1.33571 [0.268]  

 Leufrozen_6       1.00077 [0.371]   Leufrozen_7       1.98567 [0.143]  

 Leufrozen_8      0.896308 [0.411]   Leufrozen_9       1.17620 [0.313]  

     d122007       19.2244 [0.000]**    Constant U     4.99316 [0.009]**

correlation of URF residuals (standard deviations on diagonal)

                  Lusfresh    Leufrozen

Lusfresh          0.033243    -0.030558

Leufrozen        -0.030558      0.11402

correlation between actual and fitted

     Lusfresh    Leufrozen

      0.98787      0.70086

Lusfresh    : Portmanteau(12): 36.4973

Leufrozen   : Portmanteau(12): 4.752

Lusfresh    : AR 1-7 test:      F(7,92)  =   8.3573 [0.0000]**

Leufrozen   : AR 1-7 test:      F(7,92)  =  0.66772 [0.6988]  

Lusfresh    : Normality test:   Chi^2(2) =   26.553 [0.0000]**

Leufrozen   : Normality test:   Chi^2(2) =   10.331 [0.0057]**

Lusfresh    : ARCH 1-7 test:    F(7,85)  =  0.55342 [0.7914]  

Leufrozen   : ARCH 1-7 test:    F(7,85)  =   1.0844 [0.3806]  

Lusfresh    : hetero test:      F(37,61) =  0.61562 [0.9424]  

Leufrozen   : hetero test:      F(37,61) =   1.3103 [0.1723]  

Lusfresh    : Hetero-X test: not enough observations

Leufrozen   : Hetero-X test: not enough observations

Vector Portmanteau(12): 61.5243

Vector AR 1-7 test:      F(28,168)=   3.2089 [0.0000]**

Vector Normality test:   Chi^2(4) =   36.917 [0.0000]**

Vector hetero test:      F(111,177)=   1.1799 [0.1628]  

Hetero-X test: not enough observations


Table A5. Unit root tests of EU and US import prices of scallops 2001-2011

	Unit-root tests (using Shrimp import EU and US.in7)

The sample is 2000 (9) - 2010 (12)

LUS_scallop: ADF tests (T=124, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -1.846       0.83652   0.2281     0.6819  0.4967    -2.894

  5     -1.745       0.84933   0.2276    -0.4714  0.6382    -2.906  0.4967

  4     -1.921       0.83952   0.2268    -0.4343  0.6649    -2.920  0.7103

  3     -2.085       0.83112   0.2260     -1.137  0.2578    -2.935  0.8319

  2     -2.471       0.80675   0.2263     -2.883  0.0047    -2.940  0.7098

  1     -3.590**     0.72873   0.2331     -2.061  0.0415    -2.889  0.0747

  0     -4.887**     0.66198   0.2361                       -2.871  0.0282

LEU_scallop: ADF tests (T=124, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -3.007*      0.78290   0.1242      1.055  0.2935    -4.109

  5     -2.835       0.80120   0.1243     0.4353  0.6642    -4.116  0.2935

  4     -2.823       0.80864   0.1238    -0.5861  0.5589    -4.131  0.5231

  3     -3.079*      0.79863   0.1235      2.027  0.0449    -4.144  0.6503

  2     -2.662       0.82804   0.1251    -0.3629  0.7173    -4.126  0.2296

  1     -2.845       0.82235   0.1246     -3.869  0.0002    -4.141  0.3292

  0     -4.318**     0.73472   0.1316                       -4.040  0.0033

DLUS_scallop: ADF tests (T=124, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -4.838**     -1.2788   0.2314    -0.2417  0.8094    -2.865

  5     -5.627**     -1.3322   0.2304    -0.2943  0.7690    -2.881  0.8094

  4     -6.883**     -1.3977   0.2295     0.9110  0.3642    -2.896  0.9304

  3     -7.813**     -1.2132   0.2294     0.8936  0.3734    -2.905  0.8106

  2     -9.672**     -1.0449   0.2292      1.727  0.0867    -2.915  0.7820

  1     -12.68**    -0.76881   0.2310      3.903  0.0002    -2.906  0.4613

  0     -15.48**    -0.32557   0.2442                       -2.804  0.0048

DLEU_scallop: ADF tests (T=124, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf      beta Y_1    sigma   t-DY_lag  t-prob       AIC  F-prob

  6     -5.608**    -0.87571   0.1252      2.670  0.0087    -4.094

  5     -4.824**    -0.51079   0.1284    -0.3322  0.7404    -4.051  0.0087

  4     -5.627**    -0.55868   0.1279     0.2561  0.7983    -4.066  0.0298

  3     -6.402**    -0.52275   0.1274      1.303  0.1952    -4.081  0.0682

  2     -6.649**    -0.36484   0.1278     -1.332  0.1853    -4.083  0.0661

  1     -10.20**    -0.54954   0.1282      1.015  0.3122    -4.085  0.0606

  0     -17.29**    -0.41992   0.1282                       -4.092  0.0712




Table A6. VAR model of EU and US import prices of Peruvian scallops, Jan 2006- Dec 2012
	SYS( 6) Estimating the system by OLS (using Shrimp import EU and US.in7)

        The estimation sample is: 2006 (1) to 2010 (12)

URF equation for: LUS_scallop

                  Coefficient  Std.Error      HACSE  t-HACSE  t-prob

LUS_scallop_1        0.639957     0.1438     0.1381     4.63   0.000

LUS_scallop_2       -0.259567     0.1314     0.1082    -2.40   0.021

LUS_scallop_3        0.151329     0.1149    0.09960     1.52   0.136

LUS_scallop_4       0.0627070     0.1055    0.07321    0.857   0.397

LUS_scallop_5        0.149163     0.1048    0.07168     2.08   0.044

LUS_scallop_6       0.0195689     0.1095    0.08473    0.231   0.818

LUS_scallop_7      -0.0986065     0.1082     0.1186   -0.831   0.411

LUS_scallop_8      -0.0612367     0.1096    0.09650   -0.635   0.529

LUS_scallop_9      -0.0386617     0.1069    0.06669   -0.580   0.565

LEU_scallop_1        0.204715     0.1742     0.1578     1.30   0.202

LEU_scallop_2      0.00177666     0.2001     0.2095  0.00848   0.993

LEU_scallop_3       -0.226496     0.2000     0.1784    -1.27   0.211

LEU_scallop_4       0.0296819     0.2004     0.2402    0.124   0.902

LEU_scallop_5       -0.123968     0.1959     0.1512   -0.820   0.417

LEU_scallop_6       0.0230193     0.1910     0.1649    0.140   0.890

LEU_scallop_7      -0.0448057     0.1902     0.3200   -0.140   0.889

LEU_scallop_8        0.425306     0.1867     0.2181     1.95   0.058

LEU_scallop_9       -0.451818     0.1581     0.1234    -3.66   0.001

Constant       U      1.26230     0.4390     0.3957     3.19   0.003

sigma = 0.167211   RSS = 1.146346008

URF equation for: LEU_scallop

                  Coefficient  Std.Error      HACSE  t-HACSE  t-prob

LUS_scallop_1        0.143267     0.1275     0.1135     1.26   0.214

LUS_scallop_2       0.0961951     0.1165     0.1102    0.873   0.388

LUS_scallop_3      -0.0637398     0.1019     0.1006   -0.634   0.530

LUS_scallop_4       0.0408258    0.09353    0.09933    0.411   0.683

LUS_scallop_5      -0.0682120    0.09291    0.05867    -1.16   0.252

LUS_scallop_6      -0.0324634    0.09708     0.1026   -0.316   0.753

LUS_scallop_7       0.0897084    0.09596    0.08375     1.07   0.290

LUS_scallop_8      -0.0419817    0.09717    0.09807   -0.428   0.671

LUS_scallop_9       -0.140498    0.09478     0.1350    -1.04   0.304

LEU_scallop_1        0.571500     0.1545     0.2035     2.81   0.008

LEU_scallop_2        0.228374     0.1775     0.2637    0.866   0.391

LEU_scallop_3       0.0936773     0.1774     0.2041    0.459   0.649

LEU_scallop_4       -0.253628     0.1777     0.1982    -1.28   0.208

LEU_scallop_5        0.179222     0.1738     0.2138    0.838   0.407

LEU_scallop_6       -0.173705     0.1694     0.2681   -0.648   0.521

LEU_scallop_7    4.47970e-006     0.1687     0.1210     0.00   1.000

LEU_scallop_8        0.188294     0.1655     0.2123    0.887   0.380

LEU_scallop_9       0.0147676     0.1402     0.1414    0.104   0.917

Constant       U     0.279586     0.3893     0.4575    0.611   0.544

sigma = 0.148291   RSS = 0.9015960378

log-likelihood     75.4482134  -T/2log|Omega|     245.720837

|Omega|        0.000277221265  log|Y'Y/T|         -6.1646966

R^2(LR)              0.868138  R^2(LM)              0.630399

no. of observations        60  no. of parameters          38

F-test on regressors except unrestricted: F(36,80) = 3.89744 [0.0000] **

F-tests on retained regressors, F(2,40) =

LUS_scallop_1       9.71014 [0.000]**LUS_scallop_2       2.62139 [0.085]  

LUS_scallop_3       1.22916 [0.303]  LUS_scallop_4      0.226203 [0.799]  

LUS_scallop_5       1.49237 [0.237]  LUS_scallop_6     0.0838418 [0.920]  

LUS_scallop_7       1.02075 [0.370]  LUS_scallop_8      0.206847 [0.814]  

LUS_scallop_9       1.07561 [0.351]  LEU_scallop_1       6.79957 [0.003]**

LEU_scallop_2      0.834543 [0.441]  LEU_scallop_3      0.901073 [0.414]  

LEU_scallop_4       1.07942 [0.349]  LEU_scallop_5      0.861933 [0.430]  

LEU_scallop_6      0.561466 [0.575]  LEU_scallop_7     0.0280427 [0.972]  

LEU_scallop_8       2.79090 [0.073]  LEU_scallop_9       4.19035 [0.022]* 

    Constant U     4.05024 [0.025]* 

correlation of URF residuals (standard deviations on diagonal)

               LUS_scallop  LEU_scallop

LUS_scallop        0.16721      0.18545

LEU_scallop        0.18545      0.14829

correlation between actual and fitted

  LUS_scallop  LEU_scallop

      0.75933      0.83570

LUS_scallop : Portmanteau( 7): 6.88901

LEU_scallop : Portmanteau( 7): 4.57588

LUS_scallop : AR 1-4 test:      F(4,37)  =   1.8786 [0.1348]  

LEU_scallop : AR 1-4 test:      F(4,37)  =   4.4378 [0.0050]**

LUS_scallop : Normality test:   Chi^2(2) =   1.5713 [0.4558]  

LEU_scallop : Normality test:   Chi^2(2) =   1.7096 [0.4254]  

LUS_scallop : ARCH 1-4 test:    F(4,33)  =  0.51971 [0.7218]  

LEU_scallop : ARCH 1-4 test:    F(4,33)  =   4.7715 [0.0038]**

LUS_scallop : hetero test:      F(36,4)  = 0.082227 [1.0000]  

LEU_scallop : hetero test:      F(36,4)  =  0.80587 [0.6889]  

LUS_scallop : Hetero-X test: not enough observations

LEU_scallop : Hetero-X test: not enough observations

Vector Portmanteau( 7): 14.3727

Vector AR 1-4 test:      F(16,64) =   2.2954 [0.0100]**

Vector Normality test:   Chi^2(4) =   3.5458 [0.4710]  

Vector hetero test:      F(108,6) =  0.21572 [0.9997]  

Hetero-X test: not enough observations


� A descriptive analysis of the relevant sectors is given in more detail in the main report from Peru.


� For completeness one should also mention that if the supply schedule in market 2 shifts downwardwards, the two goods are complements.


� In most analysis it is assumed that transportation costs and quality differences can be treated as constant. However, this can certainly be challenged, see e.g. Goodwin, Grennes and Wohlgenant (1990), since if e.g. transportation costs are not constant, this can cause rejections of the Law of One Price.


� One can also show that if (<0, this implies a complementary relationship between the two goods.


� The wholesale price has been estimated as described in Section 3.1 for shrimp.
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