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ABSTRACT

This paper investigates the relation between weekly movements in the foreign exchange rates and order flows of speculators in the futures market. In order to investigate this relationship, the following currencies per U.S. dollar exchange rate are used: Australian dollar, British pound, Canadian dollar, Euro, German mark, Japanese yen, Mexican peso and the Swiss franc. The empirical analysis shows there is a strong relationship between the weekly returns in the foreign currencies and the change in the net positions of speculators. Furthermore, it depicts that the forecasting models are not statistically significantly better in forecasting the weekly returns in the foreign currencies than the random walk models. However, the direction of the weekly returns can be correctly predicted. I exclude the liquidity crisis from the sample period, whereby the key findings are: (i) foreign exchange rate changes are also correlated with other factor(s) and (ii) for two out of the six foreign currencies the forecasting models outperform the random walk models, but for the majority of the foreign currencies the weekly returns cannot be predicted. 
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1.
INTRODUCTION

The movements in foreign exchange rates are an important subject in academic literature. In most academic literature exchange rate models are based on macroeconomic variables, for example, interest rates, inflation, Gross Domestic Product (GDP), output growth, unemployment and the Consumer Price Index (CPI). These variables can explain the foreign exchange rate changes on a medium or long horizon. Although macroeconomic exchange rate models are based on macroeconomic variables, they cannot forecast the movements in the foreign exchange rates. Meese and Rogoff (1983) reveal that the structural and time series models fail to improve the random walk model. Cheung, Chinn and Pascual (2005) extend the investigation of Meese and Rogoff (1983) by adding five structural exchange rate models against the random walk model. They also use two specification models for forecasting the exchange rate movements. Cheung et al. (2005) conclude that no model/specification combinations are better in predicting the foreign exchange rates than the random walk model. Nevertheless, the results suggest that some model/specification combinations do better at forecasting certain horizons and foreign currencies.

Most microeconomic exchange rate models are based on expectations of foreign exchange market participants. These expectations are based on information, whereby the type of information (public and private) and how this information relates to their expectations is important. A popular view in the academic literature that explains how trades occur, assumes that market participants trade to rebalance their position and use private information to speculate. When the trades are executed, the order flow consists of public and private information. The relation between order flows and foreign exchange rates movements was first documented by Evans and Lyons (2002a). They show that nominal exchange rate changes are correlated with the order flows and that 40 to 60 percent of the daily changes in the foreign exchange market can be explained by order flows
. Later, they find that order flow information of one currency influences the change in spot price of another foreign currency (Evans and Lyons; 2002b). Furthermore; Evans and Lyons (2007, 2008) describe how macroeconomic fundamental information and macro news influence the foreign exchange rate changes. Rime, Sarno and Sojli (2009) use out-of-sample forecasting and they show that daily foreign exchange rate changes can be predicted.

When studying the order flows of speculators in the futures market, Wang (2004) depicts that the sentiment of speculators is positively related with future returns. The results show that on average the speculators make a profit from trading in the futures market. Klitgaard and Weir (2004) reveal that there is a strong connection between the weekly changes in the foreign currencies and the net positions of speculators in the futures market. They estimate that 30 to 45 percent of the weekly changes in the foreign currencies can be explained by the change in the net positions of speculators. Also, Klitgaard and Weir (2004) find that the order flows of speculators are not useful in forecasting the foreign exchange rates over the following week. 

The objective of this research is to investigate the relation between the weekly returns in the foreign exchange rates and order flows of speculators in the futures market. This link might add value to the predictions of microeconomic exchange rate models. This relationship is investigated with the help of the following foreign currencies per U.S. dollar exchange rate: the Australian dollar, British pound, Canadian dollar, Euro, German mark, Japanese yen, Mexican peso, Swiss franc and the order flows of speculators in the futures market. 

This leads to the following hypothesis: Could the weekly movements in the foreign exchange rates be predicted by looking at the order flows of speculators in the futures market?

In order to investigate this hypothesis the following sub-questions are posed: (i) is there a relation between the order flows of speculators in the futures market and the weekly returns in the foreign exchange rates? (ii) Is there a forecasting model that performs better in predicting the weekly returns in the foreign currencies than the random walk models? 

The empirical results show that there is a strong connection between the weekly returns in the foreign currency and the change in the net position of speculators. Using these results, I investigate whether a change in the net positions of speculators will lead to a change in the foreign exchange rates and vice versa. These results can be useful when drawing a conclusion about the predictability of the weekly returns. Then, I consider if the forecasting models can predict the weekly returns, by comparing their out-of-sample forecast statistics with the out-of-sample forecast statistics of the random walk models. Academic literature shows that it is difficult to forecast foreign exchange rate movements (e.g. Meese and Rogoff, 1983 and Cheung et al., 2005). Therefore, I examine if the direction of the weekly returns in the foreign currency per U.S. dollar exchange rate can be predicted. Due to the current liquidity crisis the data behaves in a more volatile manner. This suggests that it is difficult to forecast the movements in foreign exchange rates. As a result, the time period is adjusted by excluding the liquidity crisis from the data. Then in another chapter, I explore the possibility of predicting the weekly returns in the foreign currency per U.S. dollar exchange rate.

This research is closely related to the paper of Klitgaard and Weir (2004). However, my paper is different in the following aspects. Firstly, Klitgaard and Weir (2004) use 7 foreign currencies, while I use 8 foreign currencies. I include the Australian dollar in my paper. Secondly, I use a longer time period. I expand the time frame by almost 6 and more than 3.5 years where the liquidity crisis is included and excluded from the data. Thirdly, the optimal lag in the Granger causality test is determined by the Akaike information criterion. The Akaike information criterion is used, because the Granger causality test is sensitive to the number of lags. Fourthly, I investigate if the forecasting models can predict the weekly returns in the foreign currencies per U.S. dollar exchange rate, by comparing their out-of-sample forecast statistics with the out-of-sample forecast statistics of the random walk models. Finally, I examine whether the direction in the weekly returns can be predicted, because it is difficult to predict the foreign exchange rate changes.

I expect the results of this research to be more or less the same as the results found by Klitgaard and Weir (2004), despite the increase in the time horizon. Furthermore, the extension of out-of-sample forecasting will not appear to be very useful in predicting the weekly returns in the foreign currencies per U.S. dollar exchange rate. The reason behind this expectation is that the in-sample and out-of-sample differ from each other. The out-of-sample incorporates the liquidity crisis. By removing the liquidity crisis in the sample period, the expectation is that the weekly returns are still not predictable; this is due to the fact that it is difficult to forecast movements in the foreign exchange rate.

The remainder of this paper is organized as follows: Section 2 describes the existing literature. In Section 3 the data and the sample statistics are reported and Section 4 depicts the empirical methodology and results of this research. An investigation into the predictability of the weekly movements in the foreign exchange rates, excluding the liquidity from the sample is considered in Section 5 and the conclusions of this research paper are presented in Section 6. 

2.
LITERATURE REVIEW

In the academic field a great deal of information is available concerning the forecasting of exchange rates movements over a long or short horizon. Therefore, this literature review consists of two parts. Subsection 2.1 describes the literature review of macroeconomic exchange rate models. The literature review of microeconomic exchange rate models is reported is subsection 2.2, where the focus lies with speculators.

2.1
Macroeconomic exchange rate models

Meese and Rogoff (1983) compare the out-of-sample forecasting accuracy of times series and structural models against the random walk model. The structural models that are employed in their paper are: the flexible-price monetary (Frenkel-Bilson) model, the sticky-price monetary (Dornbusch-Frankel) model and the sticky-asset (Hooper-Morton) model. Also, Meese and Rogoff (1983) use two different time-series models, the univariate and multivariate time-series model respectively. 

The out-of-sample accuracy is estimated by using three statistics, namely mean forecast error, mean absolute forecast error and root mean square forecast error. Meese and Rogoff (1983) show that all of the time series and structural models fail to improve the random walk model in predicting the movements in the exchange rates (dollar/pound, dollar/mark and dollar/yen) and the trade-weighted dollar. 

Cheung, Chinn and Pascual (2005) use the study of Meese and Rogoff (1983) as bases, but they extend their research by comparing five structural models against the random walk model. The five structural models that Cheung et al. (2005) use in their study are: the purchasing power parity, sticky-price monetary model of Dornbusch and Frankel, productivity based model, composite model and the arbitrage relationship of the uncovered interest rate parity. For estimating and forecasting the foreign exchange rate changes Cheung et al. (2005) use two specification models: an error correction specification and a first difference specification. 

Cheung et al. (2005) depict that there is no model/specification combination that is better in predicting the foreign exchange rates than the random walk model. Nevertheless, the results suggest that some model/specification combinations do better at certain horizons and foreign currencies. In addition, they show that the random walk model outperforms on a long horizon, because the discount factor is near unity. Besides, there is a unit root that drives on one or more variables. Consequently, the exchange rates behave almost as a random walk. When this is the case, the exchange rate movements show a minimal predictability on short horizons (Engel and West, 2005). 

2.2
Microeconomic exchange rate models

The literature review of microeconomic exchange rate models is divided into two subsections. Subsection 2.2.1 describes the relation between order flows in the spot market and foreign exchange rates changes. The behaviour of speculators in the futures market and exchange rate movements is reported in subsection 2.2.2.

2.2.1
Order flows in the spot market

Evans and Lyons (2002a) take a new direction by looking at the asset pricing of exchange rates on a microeconomic level. In this approach new variables are taken into account. One of these variables is order flow. Order flow is classified as the net of buyer-initiated and seller-initiated orders and is measured by the selling and buying pressure of orders in the foreign exchange market. 
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Figure 1: Four months exchange rates and order flows (Evans and Lyons, 2002a)

Figure 1 presents the relationship between the order flow and the nominal exchange rates. The solid lines are the spot rates of the German mark (a) and Japanese yen (b) against the U.S. dollar over a four month sample (May 1, 1996 to August 31, 1996). The dashed lines represent the order flow. The order flow (x) measures the sum of signed
 interdealer trades over a 24-hour trading day. The horizontal-axis represents the trading days that occur during the sample period. The conclusion of figure 1 is that the order flow and nominal exchange rates are correlated. While macroeconomic exchange rate models show no correlation over a short horizon, such as four months.

Evans and Lyons (2002a) specify a daily timing model that consists of three rounds, through which trades occur. The daily timing model is shown in figure 2.
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Figure 2: Daily timing (Evans and Lyons, 2002a)

Each trading day consists of three rounds. In the first round, dealers trade publicly. In the second round, dealers trade privately with each other and in the third round, dealers trade publicly again. Each day starts with a pay-off of the increment 
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 that is observed by the public. Based on this pay-off and some additional information the dealers quote a buying or selling price to their counterparties. When the counterparty agrees with the price, the trade is executed. The customer order is assumed to be normally distributed and is uncorrelated across dealers. The customer orders are not observable and therefore they are responsible for shifts in the portfolio of the counterparties.

In round 2 the dealers quote to other dealers, at which price he wants to buy or sell. These quotes are only visible to the dealers, when the dealer agrees with the price the interdealer trade takes place. The dealers trade in round 2 with each other, to share the inventory risk. Now all dealers can observe the order flow. So, the order flow consists of public information and private information of heterogeneous foreign exchange market participants.  

In round 3 the counterparties and the dealers share the overnight risk. At the end of round 3 the dealers quote the price he wants to buy or sell to the counterparties. These prices are visible.  

The results of this portfolio shift model show that 60 percent of the daily changes in the mark/dollar rate and 40 percent of the daily changes in the yen/dollar rate can be explained by the order flow
. The difference between the portfolio shift model of Evans and Lyons (2002a) and other foreign exchange rate models is that private information is incorporated in the order flow. Other foreign exchange rate models are based on public information.

Evans and Lyons (2002b) extend their early research (Evans and Lyons; 2002a) by investigating if the order flows in one foreign currency are related to the spot prices of other foreign currencies. Hereby they assume that the foreign exchange market consist of two participants, the customers and dealers. They reveal that 45 to 78 percent of the daily fluctuations in a foreign currency can be explained by the order flow information of another foreign currency. This paper shows that order flow information is relevant for determining prices in other foreign currencies. 

In 2005 Evans and Lyons compare the forecasting performance of microeconomic with macroeconomic exchange rate models against the random walk model. They use a forecast horizon of one day to one month for a three year forecasting sample. In order to handle surprises in the foreign exchange rates both exchange rate models are based on private information, because public information cannot explain the movements in the spot price.

They use two different macroeconomic exchange rate models. The first model assumes that the uncovered interest parity (UIP) has a constant risk premium and the second model assumes that the interest differential is perfectly correlated with the deviations in the UIP. The macroeconomic exchange rate models have two crucial characteristics, namely the discount factor is very close to unity
 and all agents receive the information about the future fundamentals at the same time. 

Just like the macroeconomic exchange rate model, there are two different macroeconomic exchange rate models. The first model assumes that the movements in the foreign exchange rates are caused by the aggregate order flow and the second model assumes that the foreign exchange rates changes are caused by the sum of the order flows. Both microeconomic exchange rate models share an important characteristic, namely that the transaction flow
 generates information about the fundamentals for the market makers. Market makers do not directly recognize the information about the fundamentals. Therefore, the spot price does not reflect all available information. 

Evans and Lyons (2005) show that the microeconomic exchange rate models perform better in forecasting the foreign exchange rates than the macroeconomic exchange rates models and the random walk model. Sixteen percent of the monthly variance in the spot price can be explained by the microeconomic foreign exchange rate models. 

Evans and Lyons (2007) consider whether the information concerning fundamentals is incorporated in the transactions flows of the foreign exchange market. The focus of this research lies with the behaviour of households, firms, central banks and foreign exchange dealers. In this research the foreign exchange dealers act as market makers. They reveal that the macro fundamentals have significant forecasting power. The key findings of Evans and Lyons (2007) are: (i) macroeconomic variables are predicted by the transaction flows; (ii) transaction flows outperform the foreign exchange rates in predicting the macroeconomic variables; (iii) the future spot rates can be predicted by the transaction flows and (iv) it takes a while before new macroeconomic information about the fundamentals is incorporated in the foreign exchange rates. 

Lyons and Evans (2008) examine if macroeconomic news has an impact on exchange rate prices on a daily and intraday frequency. They start with a 5-minute frequency. To identify the macro news flows Evans and Lyons (2008) distinguish three sources of exchange rate variation. The first source consists of macro news that is directly transmitted in the price. So, the order flow plays no role. The second source consists of macro news that is affected by public news and has an indirect effect on order flow. The third source consists of macro news that occurs in the order flow, where public news plays no part.

In their article, Evans and Lyons (2008) find that all three sources of exchange rate variation are significant. When macro news arrives, order flow contributes to more changes in the exchange rates on an intraday level than at a daily level. Macro news in direct and indirect channels explains 36 percent of the variation in the exchange rates. The variation in the mark/dollar on a daily level accounts for 60 percent of the order flows and with 40 percent being explained by other factors. 

Rime, Sarno and Sojli (2009) investigate the relation between macroeconomic fundamentals and order flow and if it is possible to predict the future currency returns. The preliminary results depict that the estimated order flow is highly significant and always positive. A positive order flow implies that there is an appreciation in the foreign currency. This appreciation is caused by buying and selling pressure in the foreign currency, as a consequence the dollar depreciated. 
In order to examine the relation between order flow and macroeconomic fundamentals, they investigate whether the order flow can be explained by news. It shows that news is important in explaining fluctuations in the order flow. Looking at the results, positive news on the economy of the United States leads to a decrease in the order flow and positive news surrounding the economy of a foreign currency leads to an increase in the order flow. The high explanatory power of news variables is consistent with early research conducted by Andersen, Bollerslev, Diebold and Vega (2003). 

The predicted values of the out-of-sample forecasting are evaluated using different dynamic allocation strategies. The mean-variance analysis is undertaken to evaluate the portfolio performance and a quadratic utility function is used to investigate if the investors earn economic gains by investing in the order flow model instead of the random walk model. The empirical results show that the microeconomic models outperform the forward biased and random walk model. These results suggest that daily exchange rate movements can be predicted, because the order flow consists of powerful information. 

2.2.2
Speculators in the futures market

Wang (2003) investigates the performance of hedgers and speculators, using monthly data in fifteen futures markets. The sample includes three financials, four agricultural, four commodities and four foreign currencies. The focus in this literature review lies on the results of speculators in the foreign currencies.

Wang (2003) depicts that for all the four currencies, the speculators take a short position. This short position is smaller compared with the long position of hedgers in the futures market. The results show that positive sentiment and returns are related by changes in the net positions of the speculators. Furthermore, the net positions of speculators and hedgers have a strong negative correlation and there is some evidence that the speculators outperform the hedgers. 

In 2004 Wang expands on his research from 2003, this time he looks at the relation between the futures trading activity of speculators and hedgers and the returns in the futures on a short horizon in the foreign exchange market. Wang (2004) concludes that the sentiment of speculators is positively correlated with the returns in the futures and the sentiment of hedgers is negatively correlated. On average speculators make a profit from trading, because speculators are more correlated with the movements in the futures market, than in the level of sentiment. Furthermore, the results depict that the profit of speculators can for a large amount be explained by the futures risk premiums.

Klitgaard and Weir (2004) use the net positions of speculators in the futures market to explain the exchange rate movements. The behaviour of speculators and the foreign exchange rate movements are studied in order to predict the weekly direction of the foreign exchange rates. It appears that when speculators increase their long (short) positions in the foreign currency, the foreign currency appreciates (depreciates). This is defined as a tracking success. A tracking failure occurs when speculators increase their long (short) positions in the foreign currency, the foreign currency per U.S. dollar depreciates (appreciates). They find that approximately 75 percent of the weekly direction in the foreign exchange rates can be correctly predicted during the same week. Also, Klitgaard and Weir (2004) investigate the possibility of a change in the net positions leading to a change in the foreign exchange rates and vice versa. These results can be useful in drawing a conclusion about the predictability of the foreign exchange rates over the following week.

The regression analysis reveal that there is a strong relationship between the weekly change in the foreign currency and in the net position of speculators, where 30 to 45 percent of the weekly exchange rates movements can be explained by the weekly change in the net position of the speculators. Nevertheless, they find that the exchange rate movements over the following week cannot be predicted. 

3.
DATA AND SAMPLE STATISTICS

This section explains the data and shows some sample statistics relating to the weekly returns in the foreign currency per U.S. dollar exchange rate and the order flows of speculators in the futures market in billions of U.S. dollars. This chapter is divided into three parts. The link between futures price and the expectations of speculators are explained in subsection 3.1. Subsection 3.2 takes a closer look at the positions of different traders as provided by the United States Commodity Futures Trading Commission in its weekly Commitments of Traders report. This report is published each Friday and consists of the closing position of the futures contract on Tuesday. The foreign currencies and some sample statistics are described in subsection 3.3.

3.1
Speculators in the futures market

A futures contract is a contract between a seller and a buyer of an asset, where the delivery of the asset takes place at a future time period. The futures price is the delivery price, where the seller and buyer agree to buy or sell their asset, and is calculated as follow:
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In this equation 
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 represent the futures price in U.S. dollars of one unit of the foreign currency and 
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 is the current spot price in U.S. dollars of one unit of the foreign currency. This is consistent with the way that futures prices for the exchange rates are quoted in the futures market. I define 
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 as the U.S. dollar risk-free rate and the foreign risk-free rate and T represents the time period. Futures contracts for the exchange rates have been traded on the Chicago Mercantile Exchange since August 28, 2001 and previously on the International Monetary Market.

Futures prices are determined by the expectations. These expectations are formed by public and private information. For example, a speculator expects that the Australian dollar will appreciated against the U.S. dollar. He assumes that the new Australian dollar per U.S. dollar will be 1.6012. The new Australian dollar per U.S. dollar is the future expected spot price. By assuming that there are no occurrences of profitable arbitrage opportunities, the future expected spot price (
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When speculators form their expectations, the assumption is that the speculators behave rationally. By forming their expectations, speculators can make mistakes but on average their expectations are correct. Speculators then buy and sell futures contracts based on these expectations. If the speculators expect the foreign currency to depreciate against the U.S. dollar, he will take a short position in the foreign currency. This also works the other way around, if the speculators expect that the foreign currency will appreciate against the U.S. dollar, they will take a long position in the foreign currency. In addition, speculators can trade in the spot market although most speculators prefer to trade in the futures market. The primary reason for this preference is the form of leverage provided by the futures market. In the futures market, speculators only invest a small amount of money in a margin account. Therefore speculators are able to hold large positions in the futures market for a relatively small amount of money, compared to that of the spot market.

3.2
United States Commodity Futures Trading Commission

The long and short positions of traders in the futures market are provided by the United States Commodity Futures Trading Commission in its weekly Commitments of Traders report. The U.S. Commodity Futures Trading Commission separates traders into commercial, non-commercial and non-reportable traders. The commercial traders are described as traders who use futures contracts to hedge their business operation. Non-commercial traders are described as traders whose core business is not to hedge, but to speculate on the exchange rate movements. Non-reportable traders are traders that are involved in commercial or non-commercial trades, but whose positions are too small to classify as a commercial or a non-commercial trader. The U.S. Commodity Futures Trading Commission classifies the traders into commercial, non-commercial or non-reportable on the basis of how they identify themselves by the U.S. Commodity Futures Trading Commission. These traders can be reclassified based on their behaviour. 

According to literature, non-commercial traders are classified as speculators and commercial traders as hedgers
. According to the U.S. Commodity Futures Trading Commission, currency dealers are also classified as commercial traders. Therefore, in this research the   non-commercial traders are classified as speculators and commercial traders as hedgers and dealers. Since it is difficult to divide the non-reportable traders into commercial or non-commercial traders, these traders are not taken into account for the purposes of this research. While 
Klitgaard and Weir (2004) classify these traders as speculators.
It is of interest to look more closely at the net position of hedgers, as Wang (2004) showed in his research. However, the data provided by the U.S. Commodity Future Trading Commission has some limitations, because the net positions of commercial traders consist of the net positions of hedgers and dealers. Therefore, the focus of this research lies with the net positions of speculators. The net positions of speculators are estimated by subtracting the short position of speculators from the long position of speculators. The net positions of speculators are expressed in billions of U.S. dollars. 

3.3
Foreign currency and time period

This paper uses the following foreign exchange rates per U.S. dollar: Australian dollar, British pound, Canadian dollar, Euro, German mark, Japanese yen, Mexican peso and the Swiss franc. Six of the seven existing foreign currencies, are responsible for the majority of the foreign currency distribution transactions worldwide, as shown in table 1. 

Table 1: Foreign currency distribution of the reported exchange market turnover (percent)

	Rank
	Currency
	Distribution

	1.
	U.S. dollar
	86.3

	2.
	Euro
	37.0

	3.
	Japanese yen
	16.5

	4.
	Pound sterling
	15.0

	5.
	Swiss franc
	6.8

	6.
	Australian dollar
	6.7

	7.
	Canadian dollar
	4.2

	8.
	Swedish krona
	2.8

	9.
	Hong Kong dollar
	2.8

	10.
	Norwegian krone
	2.2

	12.
	Mexican peso
	1.3




Source: Bank of International Settlements (2007)

The results of table 1 come from triennial central banks survey of foreign exchange and derivates market activity report provided by the Bank of International Settlements (BIS). The last one was published in December 2007, which compared the results of April, 2004 to April, 2007.  

The foreign exchange rates are provided by DataStream and are quoted at 18:00 New York (22:00 GMT) by Global Treasury Information Service, whereas foreign exchange rates prior to November 29, 2000 are sourced from the Bankers Trust. 

The time period starts from January 5, 1993 and ends with March 10, 2009. Using weekly observations, this amounts to 844 observations. The Swiss franc consists of 842 observations, because on two occasions the long and short positions of speculators in the futures market were not published in the Commitments of Traders report during the time period. In order to solve this problem, the next available observation is used to replace the missing observations. 

The Euro is implemented in the European Monetary Union in January 1, 1999. Therefore, the German mark per U.S. dollar exchange rate is used in the time period of January 5, 1993 up to December 29, 1998. The German mark is the most traded currency of the European Monetary Union before the introduction of the Euro
. As a consequence, the Euro has an amount of 531 observations and the German mark has an amount of 312 observations.

The Australian dollar has a shorter time period that starts from October 1, 2002 and ends with March 10, 2009. The reason for this adjusted time period is that the data provided by the U.S. Commodity Futures Trading Commission has some large gaps in 2000, 2001 and 2002. This leads to 335 observations. For one week the long and short positions of speculators in the futures market were not published in the Commitments of Traders report during the time period. This problem is solved by using the next available observation to replace the missing observation.

The Mexican peso also has a shorter time period, starting from May 23, 1995 and ending with March 10, 2009. This amounts to 720 observations. Before this time period there was no data is provided by the U.S. Commodity Futures Trading Commission, this explains the adjusted time frame. 

Table 2 presents the summary statistics of the weekly returns in the foreign currency per U.S. dollar exchange rate, where it shows the mean values for four out of the eight foreign currencies as positive. This indicates that for the other four foreign currencies the mean values are negative. Furthermore, it shows that for seven out of the eight foreign currencies the means values returns are almost identical, only the Mexican peso has a higher mean value. This result is quite logical, because table 2 reveals that the Mexican peso has the highest maximum value and one of the lowest minimum values. A possible explanation for this result is that the Mexican market is the only one that can be classified as an advanced emerging market whereby large swings are more common compared to a developed market.  

Table 2: Summary statistic of the weekly returns in the foreign currency per U.S. dollar (percent) 

	Currency
	Mean
	Median
	Std. deviation
	Maximum
	Minimum

	Change in foreign currency / U.S. dollar (percent)

	 
	 
	 
	 
	 
	 

	Australian dollar
	-0.0336
	-0.2560
	1.8988
	11.5586
	-6.9121

	British pound
	0.0222
	-0.0144
	1.2718
	6.5057
	-5.2834

	Canadian dollar
	0.0064
	0.0381
	1.0919
	5.1807
	-9.5334

	Euro
	-0.0043
	-0.0297
	1.4127
	4.5261
	-8.0041

	German mark
	0.0197
	0.0000
	1.4415
	4.8668
	-6.2012

	Japanese yen
	-0.0160
	0.0667
	1.5368
	6.0956
	-8.6265

	Mexican peso
	0.1388
	-0.0351
	1.3170
	12.5795
	-5.6473

	Swiss franc
	-0.0166
	0.0083
	1.5238
	5.7456
	-8.0223


Notes: In this table the standard deviation is calculated as follow: 
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. In this equation T is the number of observations and 
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represents the mean. The time period is from January 5, 1993 up to March10, 2009, where the time period is adjusted for the Australian dollar (October, 2002 up to March, 2009), Euro (January, 1999 up to March, 2009), German mark (January, 1993 up to December, 1998) and Mexican peso (May, 1995 up to March, 2009). 

The Australian dollar has the highest volatility of all the foreign currencies. A possible explanation for this high volatility is the adjusted time period. The time period of the Australian dollar is much shorter compared to the time periods of the remaining foreign currencies. Due to the current liquidity crisis the foreign exchange rates behave in a more volatile manner. These volatile movements have more influence in a shorter time period than in a longer time period. Another possible explanation is that the Australian dollar is primarily used to speculate. Speculators are interesting in the Australian dollar, due to the high interest rates, the political and economy stability. 
When the Australian dollar is not taken into account, table 2 depicts that the Japanese yen has the highest volatility followed by the Swiss Franc, German mark, Euro and Mexican peso. These results are consistent with the results of Klitgaard and Weir (2004).  

Table 3 represents the summary statistics of the change in net positions of speculators in billions of U.S. dollars, where it shows that for three out of the eight foreign currencies the mean values are positive. This means that for the other five foreign currencies the mean values are negative. The German mark has the highest mean value. A possible explanation for this result is that the German mark has an adjusted time period that starts from January 5, 1994 and ends with December 29, 1998. This suggests that the current liquidity crisis is not incorporated in the results. Therefore, the data is not influenced by large swings.

Table 3: Summary statistic of the change in the net positions of speculators (billions of U.S. dollars)

	Currency
	Mean
	Median
	Std. deviation
	Maximum
	Minimum

	Change in net positions of speculators (billions of U.S. dollars)

	 
	 
	 
	 
	 
	 

	Australian dollar
	-0.001143
	0.012937
	0.739404
	3.248648
	-4.449687

	British pound
	-0.002109
	-0.012166
	0.914251
	4.045242
	-5.800101

	Canadian dollar
	-0.001946
	-0.012021
	0.606093
	2.383302
	-2.809745

	Euro
	-0.002994
	0.015641
	1.445177
	6.297577
	-7.928543

	German mark
	0.011450
	0.079378
	0.902412
	3.397028
	-3.086665

	Japanese yen
	0.004184
	-0.039033
	1.322237
	7.995839
	-7.938531

	Mexican peso
	-0.000814
	0.001948
	0.388340
	1.977041
	-1.866979

	Swiss franc
	0.000262
	-0.013128
	0.723053
	3.837032
	-3.121593


Notes: In table 3 the standard deviation is calculated as follow: 
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represents the mean. The time period is from January 5, 1993 up to March10, 2009, where the time period is adjusted for the Australian dollar (October, 2002 up to March, 2009), Euro (January, 1999 up to March, 2009), German mark (January, 1993 up to December, 1998) and Mexican peso (May, 1995 up to March, 2009). The net positions of speculators are estimated by subtracting the short positions of speculators from the long positions of speculators. 
The Euro and Japanese yen have the highest volatility, followed by the German mark and British pound. In the paper written by Klitgaard and Weir (2004) the German mark and Japanese yen have the highest volatility, followed by the British pound and the Euro. A possible explanation for the change in the volatility of the Euro is that since 2006 the number of contracts traded in the futures market by speculators increased enormously compared with the previous years. The increase in the number of futures contracts can be explained by the rise in the Euro. This increase in popularity can be explained by the output growth and development in the Euro zone. Therefore, more countries are trading in Euros instead of U.S. dollars and as a consequence the Euro is the second largest reserve currency after the U.S. dollar for the central banks all over the world. 

To look for patterns between the weekly returns in the foreign currency per U.S. dollar exchange rate from Tuesday to Tuesday and the change in the net positions of speculators in billions of U.S. dollars a scatterplot is used. These scatterplots are shown in figures 3 till 10.
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Figure 3: Weekly returns in the Australian dollar versus the net positions
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Figure 4: Weekly returns in the British pound versus the net positions
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Figure 5: Weekly returns in the Canadian dollar versus the net positions
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Figure 7: Weekly returns in the German mark versus the net positions
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Figure 6: Weekly returns in the Euro versus the net positions

[image: image21.png]10 Weekly retumns (per U.S. dollar exchange rate)

Japanese yen

10 8 6 4 2 0 2 4 6 8
Change innet positions (billons of U.S. dollars)

10




Figure 8: Weekly returns in the Japanese yen versus the net positions
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Figure 9: Weekly returns in the Mexican peso versus the net positions
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Figure 10: Weekly returns in the Swiss franc versus the net positions
Notes: The weekly returns in the foreign currency per U.S. dollar exchange rate are multiplied by 100 and the net positions are the dollar change in long minus short positions of speculators. The change in the net positions of speculators is expressed in billions of U.S. dollars. The sample period in figures 3 till 10 is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for the Australian dollar (October, 2002 up to March, 2009), Euro (January, 1999 up to March, 2009), German mark (January, 1993 up to December, 1998) and Mexican peso (May, 1995 up to March, 2009). 

Figures 3 till 10 show that when speculators increase the number of short contracts in the foreign currency and the U.S. dollar appreciates in the same week, this observation is concentrated in the upper-left of the scatterplot. When speculators increase the number of long contracts in the foreign currency and the foreign currency appreciates in the same week, this observation is concentrated in the bottom-right of the scatterplot. Since most of the observations are concentrated in the upper-left and bottom-right of the scatterplot, an observation that is concentrated in the upper-right or bottom-left of the scatterplot is inconsistent with the movement in the foreign exchange rate. 

The behaviour of speculators and the foreign exchange rate movements are studied in order to predict the weekly direction of the foreign exchange rates. It appears that when speculators increase their long (short) positions in the foreign currency, the U.S. dollar depreciates (appreciates). This is defined as a tracking success. This relation can be explained by the supply and demand for the futures contracts. When speculators take long (short) positions in the foreign currency, the futures prices increases (decreases). The futures price increases (decreases), because the futures and spot prices are quoted in U.S. dollars of one unit of the foreign currency. By assuming that arbitrage opportunities are priced out of the foreign exchange market, the spot price increases (decreases). This results in depreciation (appreciation) in the U.S. dollar.  A tracking failure occurs when speculators increase their long (short) positions in the foreign currency and the U.S. dollar appreciates (depreciates). 

Table 4: Predicting the directions in the foreign exchange rate

	Currency
	Success (Percent)
	Failure (Percent)

	 
	 
	 

	Australian dollar
	75.22
	24.78

	British pound
	71.21
	28.79

	Canadian dollar
	69.08
	30.92

	Euro
	68.93
	31.07

	German mark
	79.17
	20.83

	Japanese yen
	75.12
	24.88

	Mexican peso
	68.89
	31.11

	Swiss franc
	73.52
	26.48


Notes: A tracking success occurs when the long (short) positions in the foreign currency of speculators increased and the U.S. dollar depreciates (appreciates). A tracking failure occurs when speculators increase their long (short) positions in the foreign currency and the U.S. dollar appreciates (depreciates). The sample period is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for the Australian dollar (October, 2002 up to March, 2009), Euro (January, 1999 up to March, 2009), German mark (January, 1993 up to December, 1998) and Mexican peso (May, 1995 up to March, 2009).

Table 4 shows that 69 percent (Canadian dollar, Euro and Mexican peso) to 79 percent (German mark) of the direction of the weekly returns can be predicted by observing the behaviour of speculators during the same week.

4.
EMPIRICAL METHODOLOGY AND RESULTS

In this section the methodology and results are applied to answer the research hypothesis. This section is divided into two parts. Subsection 4.1 gives more insight about the relation between the weekly returns in the foreign currency and the order flows of speculators in the futures market. In subsection 4.2 I investigate whether the weekly returns in the foreign currency per U.S. dollar exchange rate can be predicted using the change in the net position of speculators in the futures market.

4.1.
The relation between the net positions of speculators and weekly returns in the foreign exchange rates

The first step is to investigate whether a change in the net positions of speculators in the futures market and weekly returns in the foreign currency per U.S. dollar exchange rate are stationary. When a variable is non-stationary, this variable contains a unit root. In other words, it is a random walk. This means that the pattern of the variable is unpredictable. Another disadvantage of a non-stationary variable is that unexpected changes in the variable will always persist, while in the stationary variable the shock will slowly recede. I use the Augmented Dickey-Fuller test to investigate if these two variables are stationary. The Augmented Dickey-Fuller test equations are:
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[4.2]
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In these two equations 
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presents the weekly returns in the foreign currency per U.S. dollar exchange rate of each Tuesday multiplied by 100 and 
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 is the change in the net positions of speculators in billions of U.S. dollars, where the net positions of speculators are determined by subtracting the short position of speculators from the long position of speculators. The p represents the number of lags with the optimal number of lags being determined by the Akaike information criteria. The Augmented Dickey Fuller test does not follow a student t-distribution. Therefore, the probability is based on the MacKinnon (1996) one-side probability values.

This leads to the following null and alternative hypotheses:
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Table 5: Augmented Dickey-Fuller test results
	Currency
	dfxt
	lags
	dspt
	lags

	Australian dollar
	-9.18
	2
	-15.06
	1

	 
	(0.00)
	 
	(0.00)
	 

	British pound
	-15.91
	2
	-7.36
	20

	 
	(0.00)
	 
	(0.00)
	 

	Canadian dollar
	-6.12
	15
	-10.06
	7

	 
	(0.00)
	 
	(0.00)
	 

	Euro
	-22.26
	0
	-5.45
	18

	 
	(0.00)
	 
	(0.00)
	 

	German mark
	-18.87
	0
	-7.45
	15

	 
	(0.00)
	 
	(0.00)
	 

	Japanese yen
	-28.39
	0
	-10.03
	14

	 
	(0.00)
	 
	(0.00)
	 

	Mexican peso
	-9.19
	5
	-8.70
	18

	 
	(0.00)
	 
	(0.00)
	 

	Swiss franc
	-29.22
	0
	-9.36
	16

	 
	(0.00)
	 
	(0.00)
	 


Notes: The table reports the Augmented Dickey-Fuller test estimates for equations [4.1] and [4.2], where the probability values are shown in the parentheses. The sample is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for the Australian dollar (October, 2002 up to March, 2009), Euro (January, 1999 up to March, 2009), German mark (January, 1993 up to December, 1998) and Mexican peso (May, 1995 up to March, 2009).  

Table 5 depicts that for all the foreign currencies there is statistical evidence to reject the null hypothesis at a five percent significant level. This means that all the variables are stationary. Therefore, the ordinary linear square (OLS) estimation method can be used in examining the relation between the weekly returns in the foreign currency per U.S. dollar and the change in the net position of speculators in billions of U.S. dollars.

4.1.1
Regression analysis

The second step is to conduct a regression analysis. The regression analysis is based on the OLS estimation method, whereby the structural model has the following form:


[4.3]
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In this equation 
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 presents the weekly returns in the foreign currency per U.S. dollar exchange rate of each Tuesday multiplied by 100, 
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 represents the change in the net positions of speculators in billions of U.S. dollars, where the net positions of speculators are determined by subtracting the short position of speculators from the long position of speculators and 
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 is the disturbance term. In order to calculate how well the regression fits the data, the adjusted R2 is used. 

Since the OLS-estimators in the structural model have a sample distribution, where the values are random, the OLS-estimators are based on various properties. These properties assume that the OLS-estimators are unbiased, efficient and consistent. Therefore, I investigate if the residuals are uncorrelated, homoskedastic and normally distributed. 

 I conduct the Breusch-Godfrey LM test to test for first-order autocorrelation in the residuals. The Breusch-Godfrey LM test conducts an auxiliary regression based on the errors. The auxiliary regression for conducting first-order autocorrelation is shown in equation [4.4]. 
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In this equation the Breusch-Godfrey Lagrange Multiplier (LM) test statistic is calculated by multiplying the R2 of the auxiliary regression with the number of observations. The Breusch Godfrey LM test has an asymptotic chi-square distribution, where the lag orders of 
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 determine the degrees of freedom. This results in the following null and alternative hypotheses:
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I use the White test to examine if the variance of the residuals is homoskedastic or heteroskedastic. The White test uses the following auxiliary regression to detect heteroskedasticity in the residuals:


[4.5]
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The White test statistic is calculated by multiplying the R2 of the auxiliary regression with the number of observations. The White test statistic has an asymptotic chi-square distribution, where the regressors (except the constant) in the White test determine the degrees of freedom. 

This leads to the following null and alternative hypotheses:
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Since the results of the White test show the variance of the residuals for almost all the foreign currencies is homoskedastic, I use an additional heteroskedasticity test. I conduct the Glejser test to examine if the variance of the residuals is truly homoskedastic. The Glejser test uses the following auxiliary regression to test whether the variance of the residuals is homoskedastic:


[4.6]
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The Glejser test is calculated by multiplying the R2 of the auxiliary regression by the number of observations. The Glejser test statistic has an asymptotic chi-square distribution, where the regressors (except the constant) in the Glejser test determine the degrees of freedom and uses the following null and alternative hypotheses:
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The Jarque-Bera test is conducted, to examine if the residuals are normally distributed. The Jarque-Bera test incorporates skewness (S) and kurtosis (K) as shown in equation [4.6] and has a chi-square distribution with two degrees of freedom.

[4.7]
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This results in the following null and alternative hypotheses: 
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Table 6 shows that for four out of the eight foreign currencies the constant in the structural model is negative and for the other four foreign currencies the constant is positive. The constant is not statistically significant for seven out of the eight foreign currencies. This is consistent with the research conducted by Klitgaard and Weir (2004). They have left the constant out of the equation as this never showed as statistically significant. 

Table 6: Regression results of the weekly returns against the change in the net positions of speculators

	 
	Diagnostics

	 
	α0
	dspt
	R2
	Serial
	Heter
	Heter
	Normal

	Currency
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	Australian dollar
	-0.03
	-1.12***
	0.19
	0.66
	0.21
	3.52
	1,358.22

	 
	(-0.37)
	(-8.80)
	 
	(0.42)
	(0.90)
	(0.06)
	(0.00)

	British pound
	0.02
	-0.66***
	0.24
	9.87
	3.25
	0.30
	465.50

	 
	(0.53)
	(-15.97)
	 
	(0.00)
	(0.20)
	(0.59)
	(0.00)

	Canadian dollar
	0.01
	-0.81***
	0.21
	22.76
	0.09
	0.15
	7,442.47

	 
	(0.18)
	(-14.97)
	 
	(0.00)
	(0.96)
	(0.70)
	(0.00)

	Euro
	-0.01
	-0.41***
	0.17
	0.07
	1.21
	0.19
	145.99

	 
	(-0.10)
	(-10.53)
	 
	(0.80)
	(0.55)
	(0.66)
	(0.00)

	German mark
	0.03
	-1.06***
	0.46
	6.46
	0.36
	0.01
	113.68

	 
	(0.62)
	(-16.14)
	 
	(0.01)
	(0.83)
	(0.91)
	(0.00)

	Japanese yen
	-0.01
	-0.60***
	0.27
	0.86
	0.89
	1.64
	677.19

	 
	(-0.30)
	(-17.48)
	 
	(0.35)
	(0.64)
	(0.20)
	(0.00)

	Mexican peso
	0.14***
	-1.21***
	0.13
	0.01
	1.47
	2.87
	9,374.61

	 
	(3.00)
	(-10,25)
	 
	(0.91)
	(0.48)
	(0.09)
	(0.00)

	Swiss franc
	-0.02
	-1.18***
	0.31
	11.39
	12.86
	2.32
	174.70

	 
	(-0.46)
	(-12.20)
	 
	(0.00)
	(0.00)
	(0.13)
	(0.00)


Notes: The table shows the OLS estimates for equation [4.3]. The dependent variable 
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 is the weekly returns in the foreign currency per U.S. dollar exchange rate of each Tuesday multiplied by 100. The independent variable 
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 is the change in the net positions of speculators in billions of U.S. dollars. The t-values of the coefficients are shown in the parentheses and are corrected for heteroskedasticity.  Asterisks refer to the level of significance: ***:1% **:5% *:10%. Colum 3 presents the adjusted R2. Colum 4 displays the results of the Breusch-Godfrey LM test for first-order autocorrelation in the residuals. The Breusch-Godfrey LM test estimates are based on equation [4.4], where the probability values are shown in the parentheses. The first-order autocorrelation is corrected by adding a first-order autoregressive term in the structural model. A third-order autoregressive term was needed to correct for autocorrelation in the British pound. Colum 5 shows the White test estimates for equation [4.5], where the probability values are shown in the parentheses. Possible heteroskedasticy in the residuals are corrected with the HAC covariance matrix of Newey and West (1987). Column 6 presents the Glejser test estimates for equation [4.6], where the probability values are shown in the parentheses.  Colum 7 displays the Jarque-Bera test estimates for equation [4.7], where the probability values are shown in the parentheses. The sample period is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for the Australian dollar (October, 2002 up to March, 2009), Euro (January, 1999 up to March, 2009), German mark (January, 1993 up to December, 1998) and Mexican peso (May, 1995 up to March, 2009).
For all the foreign currencies the change in the net positions of speculators is negative and statistically significant at a five percent significance level. Also, they are statistically significant at a one percent significance level. A negative change in the net positions of speculators means that the U.S. dollar is expected to depreciate, when the speculators are increasing their long positions in the foreign currency. This relation can be explained by the expectations of speculators, where the expectations are formed by public and private information. If speculators expect that the foreign currency appreciates against the U.S. dollar, they will take a long position in the futures contract of the foreign currency. This means, that the speculators are buying the futures contract at the current futures price. As a result, the demand in the futures contracts increased, while the supply decreased. Therefore, the futures price increases. The futures price increases, because the futures and spot prices are quoted in U.S. dollars of one unit of the foreign currency. By assuming that arbitrage opportunities are priced out of the foreign exchange market, the spot price increases. This results in an appreciation in the foreign currency and depreciation in the U.S. dollar.

The coefficients of the change in the net positions of speculators vary between -1.21 (Mexican peso) and -0.41 (Euro). The variation between the coefficients of the change in the net positions of speculators in this paper is smaller than in the results reported by Klitgaard and Weir (2004). In their paper, the Mexican peso has a large negative coefficient of -4.56. A possible explanation for a smaller variation in net position of the Mexican peso in this study is that the Mexican peso has become more attractive to speculators over the past six years. So consequently, the market for the Mexican peso has grown and therefore becomes more liquid. I can substantiate this explanation by looking at the average weekly futures contracts (short and long). In the sample period of Klitgaard and Weir (2004) there were on average approximately 8,000 futures contracts traded on a weekly basis. In this paper the average futures contracts traded on a weekly basis is approximately 27,000.  

By looking at the adjusted R2, it shows that adjusted R2 for the Mexican peso is the lowest, respectively 13 percent. This means that 13 percent of the weekly returns in the Mexican peso per U.S. dollar exchange rate can be explained by the change in the net positions of speculators. The Swiss franc has the highest adjusted R2, respectively 31 percent, while the other foreign currencies have an adjusted R2 value between 17 and 27 percent. It is noteworthy that the weekly returns in the German mark can be explained for 46 percent by the change in the net positions of speculators. The liquidity crisis can be one explanation why Klitgaard and Weir (2004) find that of 30 to 45 percent of the weekly returns can be explained by the order flows of speculators. 

A possible explanation for this strong relationship is that both variables, the weekly returns and order flows of speculators, are correlated by public information. When speculators respond to public information, they adjust their expectations. Based on these expectations, they change their futures positions in the foreign currencies. As a consequence the futures price changes. When the futures prices change and the spot price stays the same, arbitrage opportunities are possible. By assuming that arbitrage opportunities are priced out the foreign exchange market, the spot price changes. Therefore, the U.S. dollar appreciates or depreciates. 

The results of the White test depict that for one out of the eight foreign currencies the variance of the residuals is heteroskedastic at a five percent significance level. The expectation is that the variance of the residuals for foreign exchange data is heteroskedastic, due to the volatility of the foreign exchange market. Therefore, an additional heteroskedasticity test is conducted. The results of the Glejser test display that for all the foreign currencies the variance of the residuals is homoskedastic at a five percent significance level. In the working paper version (Rime et al; 2008) of the article Rime et al. (2009) the exchange rate-order flow model is estimated. The OLS estimates show that the variance of the residuals for the British pound, Euro and Japanese yen are homoskedastic at a five percent significance level. They use daily data in a one year sample period. 
A possible explanation is that in previous papers the foreign exchange data is based on a shorter interval compared to the weekly interval that is used in this paper. Therefore, it is possible that volatility clusters have disappeared after a couple of hours. 

Table 6 shows that the distribution in the residuals for all the foreign currencies is not normal at a five percent significance level. However, by using the central limit theorem, the assumption is that the residuals of the structural model are normally distributed, even when the distribution of residuals is not normal. However, by using the central limit theorem, the assumption is that the estimation output of the structural model is normally distributed, even when the distribution of residuals is not normal.

In summary, the structural model shows that 13 to 31 percent of the weekly returns in the foreign currencies can be explained by the change in the net positions of speculators, where these results are affected by the liquidity crisis. This means that there is a strong relationship between the weekly returns and the net position of speculators in the futures market. A possible explanation for this strong relationship is that both variables are correlated by public information. Public information is used by speculators to form expectations on the behaviour of foreign exchange rates. Based on these expectations speculators buy and sell futures contracts. As a consequence the futures and spot prices changes, so that the U.S. dollar appreciates or depreciates. The liquidity crisis can be an explanation why Klitgaard and Weir (2004) find that 30 to 45 percent of the weekly returns can be explained by the change in the net position of speculators.

4.1.2
Granger causality test

I conduct the Granger causality test (Granger, 1969) to examine if a change in the net positions of the speculators will lead to a change in the weekly returns and vice versa. These results can be useful to draw a conclusion about the predictability of the weekly returns.  The Granger causality test is based on two regression models:
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[4.9]
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For simplicity, the equation [4.2] is classified as regression model 1 and equation [4.3] is classified as regression model 2. The Granger causality test uses the F-test statistic for rejecting or accepting the null hypothesis. 
The Granger causally test is very sensitive with respect to the number of lags. Therefore, I use the Akaike information criterion to determine the number of lags for the Granger causality test. Consistent with the research of Jalbert, Stewart and Martiz (2006) I use the number of lags that minimises the Akaike information criterion in the following equations:
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I apply the following null and alternative hypotheses for both regression models: 

H0 : 
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Table 11 depicts that for four out of the eight foreign currencies, there is no statistical evidence to reject the null hypothesis for the regression models at a five percent significance level. These results suggest that there is no causal relationship between the weekly returns in the Australian dollar, Euro, German mark and Mexican peso per U.S. dollar exchange rate and the change in the net positions of speculators in billions of U.S. dollars. 

Table 7: Results of the Granger causality test
	Currency
	 
	Lags
	Observations
	F-statistic
	Probability

	Australian dollar
	Regression model 1
	3
	332
	0.48
	0.70

	 
	Regression model 2
	2
	333
	2.83
	0.06

	British pound
	Regression model 1
	4
	840
	0.53
	0.71

	 
	Regression model 2
	16
	828
	2.06
	0.01

	Canadian dollar
	Regression model 1
	16
	828
	2.94
	0.00

	 
	Regression model 2
	8
	836
	4.05
	0.00

	Euro
	Regression model 1
	1
	530
	1.29
	0.26

	 
	Regression model 2
	14
	517
	1.62
	0.07

	German mark
	Regression model 1
	4
	308
	0.61
	0.65

	 
	Regression model 2
	1
	311
	0.13
	0.72

	Japanese yen
	Regression model 1
	1
	843
	0.27
	0.60

	 
	Regression model 2
	15
	829
	1.83
	0.03

	Mexican peso
	Regression model 1
	2
	718
	0.45
	0.64

	 
	Regression model 2
	7
	713
	1.02
	0.42

	Swiss franc
	Regression model 1
	4
	838
	0.49
	0.74

	 
	Regression model 2
	14
	828
	3.03
	0.00


Notes: The table shows the Granger causality test estimates for equations [4.8] and [4.9]. These regression models can be classified as regression model 1 and 2. The optimal lag is determined by the number of lags that minimises the Akaike information criterion for equations [4.10] and [4.11]. The sample is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for the Australian dollar (October, 2002 up to March, 2009), Euro (January, 1999 up to March, 2009), German mark (January, 1993 up to December, 1998) and Mexican peso (May, 1995 up to March, 2009).

Furthermore, the results show that for the other four foreign currencies there is a causal relationship present between the weekly returns of the foreign currency and the change in the net positions of speculators. 

For three out of the four foreign currencies there is statistical evidence to reject the null hypothesis for regression model 2 at a five percent significance level. This means that the weekly returns in the British pound, Japanese yen and the Swiss franc have an influence on the change in the net positions of speculators. These results suggest that the changes in the net positions are not useful in predicting the weekly returns. However, the past values of the weekly returns have an influence on the change in the net positions of speculators.

For one out of the four foreign currencies, there is statistical evidence to reject null hypothesis for regression model 1 and 2 at a five percent significance level. This means that change in the net positions has an influence on the weekly returns in the Canadian dollar and the weekly returns have an influence on the order flows of speculators. Therefore, a feedback relationship exists between these two variables. These results are quite plausible. The shorter time period of the Australian dollar, the Euro and the German mark can explain the lack of causal relationship. The liquidity crisis can also be a possible explanation. The feedback relationship between the weekly returns and the change in net positions of speculators in the Canadian dollar can be explained by the close relation that the economy of Canada has with United States. Possible explanations for this close relation are: (i) in the past the Canadian dollar was pegged against the U.S. dollar; (ii) Canada and the United States are neighbours; (iii) the trade volumes between Canada and the United States are relatively high, 77.64 percent of Canada’s export market is to the United States and 52.4 percent of Canada’s imports come from the United States
; (iv) a strong investment relationship exists between Canada and the United States. The United States is the primary foreign investor in Canada and Canada ranks in the top 5 of large foreign investors in the United States with (v) their monetary policies being closely related. Any change in United States monetary policy is usually followed by a change in the Canadian monetary policy, since the United States dominates the North-American financial market.   

The expectation is that the Mexican peso and Euro perform the worst in forecasting the weekly returns, because the Granger causality test depicts no causal relationship for these two foreign currencies. Furthermore, the expectation is that the Canadian dollar is one of the best in forecasting the weekly returns, due to the feedback relationship between the weekly returns and the change in the net positions of speculators.

So in summary, these results show that in four out of the eight currencies there is no causal relationship present between the weekly returns of the foreign currency per U.S. dollar exchange rate and the change in the net positions of speculators in billions of U.S. dollars. The shorter time period in the Australian dollar, Euro, German mark can explain the lack of causal relationship. The liquidity crisis can also be a possible explanation. This means that for the other four currencies there is a causal relationship present. For three out of four foreign currencies the weekly returns in the foreign currencies have an influence on the change in the net positions of speculators. These results suggest that the changes in the net positions are not useful in predicting the weekly returns. However, the past values of the weekly returns do influence the change in the net positions of speculators. Just one currency shows a feedback relationship between the weekly returns and the change in the net positions of speculators. Expectations are formed based on the results of the Grange causality test. The expectation is that the Euro and Mexican peso cannot forecast the weekly returns in the foreign currencies, while the Canadian dollar has the ability to forecast the weekly returns. The feedback relationship can be explained by the close connection between the economies of Canada and the United States, such as a high trading volume, monetary policies that are closely related to each other and the Canadian dollar being pegged to the U.S. dollar.

4.2
Forecasting the weekly returns in the foreign exchange rates

I adjust the time period into two sample periods, namely in-sample and out-of-sample period. In the in-sample period the estimated parameters are used to forecast the out-of-sample observations. In this research the in-sample time period is from January 5, 1993 up to December 30, 2003 and the out-sample period is from January 6, 2004 up to March 10, 2009. The German mark and Australian dollar are not used for out-of-sample forecasting, as none of them have enough observations in the in-sample period, to draw a reliable conclusion. The predicted results are based on the static method, which uses the actual values for the lagged dependent variable, unlike the dynamic method which uses previous predicted values. 

4.2.1 Forecasting models

I use three different models to establish whether the weekly returns in the foreign exchange rate can be predicted using the order flows of speculators in the futures market. These three different models are compared to two different random walk models, being the random walk model with and without the drift. The random walk models with and without the drift take the following form:
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In these two equations the random walk models use the current value of the weekly returns in the foreign currency per U.S. dollar exchange rate as a predictor for all the future values. Through this paper, equation [4.12] is classified as random walk model 1 and equation [4.13] as random walk model 2. 

The first model is the structural model based on equation [4.3]. The second model is the ARMA(p,q) model. The ARMA(p,q) model is a combination of the autoregressive and moving average models, where both models are used in modelling serial correlation in the disturbance term. This leads to the following forecasting model:
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The optimal ARMA(p,q) model is determined by the model orders p and q, which minimises the value of the Akaike information criterion The optimal ARMA(p,q) models are reported in table 8.

Table 8: The optimal ARMA(p,q) model

	Currency
	Model order p
	Model order q

	British pound
	9
	6

	Canadian dollar
	2
	10

	Euro 
	7
	9

	Japanese yen
	8
	7

	Mexican peso 
	6
	9

	Swiss franc
	7
	8


Notes: The optimal ARMA(p,q) model is determined by the model orders p and q, which minimises the value of the Akaike information criterion. The sample is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for the Euro (January, 1999 up to March, 2009) and Mexican peso (May, 1995 up to March, 2009).

The third model is a dynamic model, which assumes that the weekly returns in the foreign currency are not only based on the current change, but also on the change in the net position of speculators from the previous week. The dynamic model is expressed as follows:
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The ARMA(p,q) and dynamic models are estimated with the OLS estimation method. This means that possible autocorrelation and heteroskedasticity in the residuals of the forecasting models are corrected. Possible autocorrelation is corrected by adding an autoregressive term in the model and possible heteroskedasticity is corrected by with the HAC-covariance matrix of Newey-West (1987). Furthermore, I assume that the residuals are normally distributed, based on the central limit theorem.

4.2.2
Forecast evaluation

I use the root mean square forecast error (RMSE) to draw some conclusion about the forecast statistics. The disadvantage of the RMSE is that the forecast error is very sensitive for large outliers in the data. Therefore, I use the mean absolute forecast error (MAE), to compare the forecast statistics. Both forecast errors depend on the scale of the dependent variable. This means that both models can be used to compare forecast statistics from different kind of models. The forecasting model has a better forecast ability when the forecast error is small. 

Table 9: Root mean square forecast errors

	 Currency
	RW 1
	RW 2
	Structural
	ARMA(p,q)
	Dynamic 

	British pound
	1.48
	1.47
	1.52
	1.57
	1.57

	Canadian dollar
	1.55
	1.55
	1.50
	1.48
	1.53

	Euro
	1.42
	1.42
	2.15
	2.95
	2.15

	Japanese yen
	1.36
	1.36
	1.27
	1.32
	1.31

	Mexican peso
	1.42
	1.42
	2.83
	3.25
	2.81

	Swiss franc
	1.44
	1.44
	1.48
	1.50
	1.56


Notes: In this table the root mean square forecast errors (RMSEs) are calculated as follows: 
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. In this equation T is the number of observations, T1 represents the first out-of-sample observation and fdxt is the predicted value of the weekly returns. The RMSEs are expressed in percentage terms.  In this table RW 1 represents the random walk model with the drift and RW 2 is the random walk model without the drift. The sample is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for the Euro (January, 1999 up to March, 2009) and Mexican peso (May, 1995 up to March, 2009).

Table 9 shows different results for the six foreign currencies. For four out of the six foreign currencies the random walk models beat the forecasting models. This means that the random walk models are better in forecasting the weekly returns for the British pound, Euro, Mexican peso and the Swiss franc than the structural, ARMA(p,q) and dynamic models. The results depict that for two out of the six foreign currencies the random walk models fail to improve the other forecasting models. This indicates that the structural, ARMA(p,q) and dynamic models are better in forecasting the weekly returns for the Canadian dollar and the Japanese yen than the random walk models. 

The RMSE of the random walk model with and without the drift are identical for all the foreign currencies. For five out of the six foreign currencies there is statistically significant evidence that in random walk model 1 the drift is equal to zero. This means that the random walk model with the drift is equal to a random walk model without the drift. 

The results in table 9 show some comparison to the results of the Granger causality test. The Granger causality test shows that for the Euro and Mexican peso there is no causal relationship present between the weekly returns and the change in the net positions of speculators in the futures market. This is consistent with the results of table 9, where the values of the RMSEs of the Euro and Mexican peso have the highest value for the structural, ARMA(p,q) and dynamic models. 

Table 9 depicts that for the Canadian dollar the structural, ARMA(p,q) and dynamic models beat the random walk models. This result is consistent with the results of the Granger causality test. In the Granger causality test, the Canadian dollar is the only currency that has a feedback relationship between the weekly returns and the change in the net positions of speculators. The results of the Granger causality test for the Japanese yen are similar to the results of the British pound and Swiss franc. So, there appears to be no explanation as to why the forecasting models improve the random walk model for the Japanese yen and not for the British pound and Swiss franc.

Table 10: Mean absolute forecast errors

	 Currency
	RW 1
	RW 2
	Structural
	ARMA(p,q)
	Dynamic

	British pound
	1.12
	1.12
	1.10
	1.13
	1.13

	Canadian dollar
	1.12
	1.12
	1.01
	1.00
	1.03

	Euro
	1.05
	1.05
	1.60
	2.13
	1.60

	Japanese yen
	1.05
	1.05
	0.93
	0.99
	0.95

	Mexican peso
	0.92
	0.90
	2.11
	2.43
	2.06

	Swiss franc
	1.09
	1.09
	1.10
	1.11
	1.15


 Notes: In this table the mean absolute forecast errors (MAEs) are calculated as follow: 
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. In this equation T is the number of observations, T1 represents the first out-of-sample observation and fdxt is the predicted value of the weekly returns. The MAEs are expressed in percentage terms.  In this table RW 1 represents the random walk model with the drift and RW 2 is the random walk model without the drift. The sample is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for the Euro (January, 1999 up to March, 2009) and Mexican peso (May, 1995 up to March, 2009).

The results of the MAEs are identical with the results of the RMSEs. The only difference is that the structural model for the British pound beats the random walk model, while this is not the case for the RMSE.

I conduct the Diebold-Mariano test to explore whether one of the forecasting models is statistically significantly better in predicting the weekly returns in the foreign currencies than the random walk models (Diebold and Mariano, 1995). The loss function in the Diebold-Mariano test is defined as the mean square forecast error (MSE). The loss differential function of the Diebold-Mariano test is defined as:
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In this equation 
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To handle possible autocorrelation in the loss differential function, Harvey, Leybourne and Newbold (1997) assume that the autocorrelation of order h or higher is equal to zero. In this assumption h represents the number of h-steps-ahead forecasting. In this research the forecasting is based on one-week-ahead forecasting. Therefore the assumption is that there is no autocorrelation present in the loss differential functions for the first lag and higher. The variance of the loss differential function for one-week-ahead forecasting can be estimated as follows:
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The Diebold-Mariano test statistic is:
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In equations [4.18] and [4.19], 
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 is the mean of the loss differential function. Harvey et al. (1997) modify the Diebold-Mariano test statistic to correct for biases in the estimated variance. Therefore, the performance of the Diebold-Mariano test improves. The modified Diebold-Mariano test statistic is estimated as follows:
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The modified Diebold-Mariano test statistic has a Student t-distribution with (T- 1) degrees of freedom. The null and alternative hypotheses of the Diebold-Mariano test are:
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Table 11: Diebold-Mariano test results
	
	Random walk model 1
	Random walk model 2

	Currency
	Structural
	ARMA(p,q)
	Dynamic
	Structural
	ARMA(p,q)
	Dynamic

	British pound
	0.70
	1.43
	1.40
	0.72
	1.45
	1.41

	 
	(0.48)
	(0.15)
	(0.16)
	(0.47)
	(0.15)
	(0.16)

	Canadian dollar
	-0.98
	-1.31
	-0.43
	-0.98
	-1.31
	-0.43

	 
	(0.33)
	(0.19)
	(0.67)
	(0.33)
	(0.19)
	(0.67)

	Euro
	5.49
	6.93
	5.47
	5.49
	6.93
	5.46

	 
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)

	Japanese yen
	-1.36
	-0.64
	-0.75
	-1.37
	-0.64
	-0.75

	 
	(0.17)
	(0.52)
	(0.46)
	(0.17)
	(0.52)
	(0.45)

	Mexican peso
	7.84
	7.54
	7.62
	7.81
	7.52
	7.59

	 
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)

	Swiss franc
	0.38
	0.63
	1.24
	0.38
	0.63
	1.24

	 
	(0.70)
	(0.53)
	(0.22)
	(0.70)
	(0.53)
	(0.22)


Notes: The table reports the modified Diebold-Marino test estimates for equation [4.20], where the probability values are shown in the parentheses. In this table random walk model 1 represents the random walk model with the drift and random walk model 2 is the random walk model without the drift. The sample is from January 5, 1993 up to March 10, 2009, where the time period is adjusted for Euro (January, 1999 up to March, 2009) and Mexican peso (May, 1995 up to March, 2009).

When the value of the modified Diebold-Mariano test statistic is negative, the forecasting model improves the random walk model. This means that the loss function (MSE) of the forecasting model is smaller compared to the loss function of the random walk model. By subtracting the loss function of the forecasting model from the loss function of the random walk model, a negative number for the mean of loss differential function is achieved. The variance is always positive, since the distance from the loss differential function to the mean is squared. As a result the Diebold-Mariano test statistic is negative. When the value of the modified Diebold-Mariano test statistic is positive, the forecasting model fails to improve the random walk model. 

Table 11 depicts that for two out of the six foreign currencies, the structural, ARMA(p,q) and dynamic models improve the random walk models. Thus, for the other four foreign currencies the forecasting models do not improve the random walk models. These results are consistent with the results of the RMSEs. This is quite logical because the RMSEs and MSEs are almost identical forecast evaluation methods. 

For four out of the six foreign currencies there is no statistical evidence to reject the null hypothesis at a five percent significance level. This means that for the majority of the foreign currencies, there is not one forecasting model that is statistically significantly better or worse in predicting the weekly returns in foreign currency per U.S. dollar exchange rate than the random walk models. Further, the results show that for the other two foreign currencies the random walk models are statistically significantly better in predicting the weekly returns than the forecasting models. This is sounds plausible, due to the fact that the RMSEs of the Euro and Mexican peso have the highest value. Additionally, the results in table 11 show that there are no large differences in the Diebold-Mariano test statistic between the two random walk models for any of the currencies. A possible explanation is that for five out of the six foreign currencies there is statistically significant evidence that in random walk model 1 the drift is equal to zero.

In summary, the results of the RMSEs and MAEs show that for two out of the seven foreign currencies the structural, ARMA(p,q) and dynamic models are better in forecasting the weekly returns than the random walk models. Thus, for the other four foreign currencies the structural, ARMA(p,q) and dynamic models are not better in forecasting the weekly returns than the random walk models. When the Diebold-Mariano test is conducted, there is no evidence that the structural, ARMA(p,q) and dynamic models are statistically significantly better in forecasting the weekly return than the random walk models. Furthermore, there is evidence that the random walk models are statistically significantly better in forecasting the weekly returns in the Euro and the Mexican peso than the structural, ARMA(p,q) and dynamic models. All the foreign currencies display results showing that the two random walk models are almost identical. A possible explanation is that for five out of the six foreign currencies there is statistically significant evidence that in random walk model 1 the drift is equal to zero. This means that random walk model 1 is equal to random walk model 2. 

4.2.3
The direction of the weekly returns in the foreign exchange rates
In order to investigate if the direction of the weekly returns in the foreign currency can be predicted, the proportion of successes (
[image: image73.wmf]p

) should be defined. The proportion of successes takes a value of one if the forecasting model correctly predicts the direction of the weekly returns in the foreign currency and zero if it fails to predict the direction of the weekly returns. 

When the sample proportion of successes (
[image: image74.wmf]p

ˆ

)  is larger than 0.5, the forecasting model can predict the direction of the weekly returns in the foreign currency and when the proportion of successes is lower than 0.5, the forecasting model cannot predict the direction of the weekly returns in the foreign currency. A value of 0.5 is chosen, because there is a 50 percent change that the direction of the weekly returns in the foreign currency goes up or down.

The student version of the sign test statistic is normally distributed in large samples (Diebold and Mariano; 1995) and is calculated as follows:


[4.21]
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Table 12: Predicting the direction of the weekly returns in the foreign exchange rates
	Currency
	Structural
	ARMA(p,q)
	Dynamic

	British pound
	0.749
	0.753
	0.720

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	1
	3

	Canadian dollar
	0.668
	0.690
	0.657

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	1
	3

	Euro
	0.668
	0.624
	0.675

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	3
	1

	Japanese yen
	0.764
	0.727
	0.768

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	3
	1

	Mexican peso
	0.734
	0.727
	0.749

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	3
	1

	Swiss franc
	0.743
	0.721
	0.714

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	1
	2
	3

	 
	 
	 
	 

	Sum of the rank position
	11.00
	13.00
	12.00

	Average rank position
	1.83
	2.17
	2.00


Notes: The table reports the sample proportion of successes. The probability values of the sign test statistics are shown in the parentheses and equation [4.21] is used to calculate the probability values. The rankings are based on the value of the proportion of successes. The sample is from January 5, 2003 up to December 26, 2009, where the time period is adjusted for the Euro (January, 1999 up to December, 2009) and Mexican peso (May, 1995 up to December, 2009).

Table 12 shows that for all the foreign currencies there is statistical evidence to reject the null hypothesis at a five percent significance level. The sample proportion of successes is larger than 0.5 for all the foreign currencies, suggesting that the forecasting models can predict the direction of the weekly returns in the foreign currency per U.S. dollar exchange rate. 

Furthermore, the rankings depict that for three out of the six foreign currencies the dynamic model has the highest value of the sample proportion of successes. While for two foreign currencies the ARMA(p,q) model shows the highest value of the sample proportion of successes and for one foreign currency the structural model has the highest value of the sample proportion of successes. Thus, these results suggest that the dynamic model is the best forecasting model in predicting the direction in the weekly returns.

The results of the average values of the rankings show that the structural model has the lowest value (1.83), followed by the dynamic and ARMA(p,q) models (2.00 and 2.17). This suggests that the structural model is the best forecasting model. The overall conclusion for the rankings is that it is difficult to determine which forecasting model is better in predicting the direction in the weekly returns in the foreign currency per U.S. dollar exchange rate. 

 In summary, all the forecasting models can predict the direction of the weekly returns in the foreign currency per U.S. dollar exchange rate, but there is no specific forecasting model better in forecasting the direction of the weekly returns in the foreign currencies. 

The liquidity crisis can be marked as a possible explanation as to why the structural, ARMA(p,q) and dynamic models are not statistically significantly better in forecasting the weekly returns in the foreign currency per U.S. dollar exchange rate than the random walk models. The prediction by the out-of-sample forecasting is based on the in-sample estimations, but through the liquidity crisis the foreign exchange rates behave in a more volatile way in the out-of-sample period than for the in-sample period. 

The next chapter examines the forecast and actual values of the weekly returns in the foreign currencies. In addition, the sample period is adjusted, so that the liquidity crisis is excluded from the sample period. Subsequently, I investigate whether the structural, ARMA(p,q) and dynamic models are statistically significantly better in forecasting the weekly returns in the foreign currency per U.S. dollar exchange rate than the random walk models.

5.
LIQUIDITY CRISIS

The liquidity crisis plays an important role in financial markets these days, indicating that the foreign exchange and futures market are also influenced by the liquidity crisis. I investigate if the liquidity crisis has an influence on the weekly returns in the foreign currency per U.S. dollar exchange rate by adjusting the sample period. In order to determine which part of the data should be left out of the sample period, the actual and predicted values of the weekly returns of the foreign currencies are plotted together. The actual and the forecast values of the structural, ARMA(p,q) and dynamic models for the British pound are plotted in figures 11 up to 14.
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Figure 11: Actual values for the weekly returns in the British pound per U.S. dollar exchange rate
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Figure 13: Predicted values of the ARMA(p,q) model for the weekly returns in the British pound per U.S. dollar exchange rate
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Figure 12: Predicted values of the structural model for the weekly returns in the British pound per U.S. dollar exchange rate
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Figure 14: Predicted values of the dynamic model for the weekly returns in the British pound per U.S. dollar exchange rate
Figures 11 up to 14 show a disconnection between the actual and the predicted values of the structural, ARMA(p,q) and dynamic models for the weekly returns in the British pound at the end of the sample period. This pattern in the structural, ARMA(p,q) and dynamic models is consistent for all the other currencies.  

The liquidity crisis began in 2007 in the United States, where it later hit the global economy. So the adjusted sample period for the liquidity crisis, starts from January 5, 1993 and ends with December 26, 2006. Using weekly observations, this leads to an amount of 729 observations. The Swiss franc consists of 727 observations, as on two occasions the positions of the speculators in the futures market were not published in the Commitments of Trader report during the time period. To handle this problem, I used the next available observation to replace the missing observations. The Australian dollar, Euro and Mexican peso consist of 220, 416 and 605 observations, due to the fact that there was no data available provided by the U.S. Commodity Futures Trading Commission
. 

5.1.
The relation between the net positions of speculators and weekly returns in the foreign exchange rates











Table 13: Results of the Augmented Dickey-Fuller test without the liquidity crisis
	Currency
	dfxt
	lags
	dspt
	lags

	Australian dollar
	-5.42
	8
	-3.36
	13

	 
	(0.00)
	 
	(0.01)
	 

	British pound
	-15.50
	3
	-12.63
	9

	 
	(0.00)
	 
	(0.00)
	 

	Canadian dollar
	-29.02
	0
	-6.69
	19

	 
	(0.00)
	 
	(0.00)
	 

	Euro
	-19.44
	0
	-7.71
	12

	 
	(0.00)
	 
	(0.00)
	 

	Japanese yen
	-26.61
	0
	-9.82
	11

	 
	(0.00)
	 
	(0.00)
	 

	Mexican peso
	-24.30
	0
	-7.74
	18

	 
	(0.00)
	 
	(0.00)
	 

	Swiss franc
	-27.52
	0
	-8.87
	16

	 
	(0.00)
	 
	(0.00)
	 


Notes: The table reports the Augmented Dickey-Fuller test estimates for the equations [5.1] and [5.2], where the probability values are shown in the parentheses. The sample is from January 5, 2003 up to December 26, 2006, where the time period is adjusted for the Australian dollar (October, 2002 up to December, 2006), Euro (January, 1999 up to December, 2006) and Mexican peso (May, 1995 up to December, 2006).

Table 13 depicts that for all the foreign currencies there is statistical evidence to reject the null hypothesis at a five percent significant level. This indicates that all the variables are stationary. Therefore, the OLS estimation method can be used in examining the relation between the weekly returns in the foreign currency per U.S. dollar and the change in the net position of speculators in billions of U.S. dollars.

5.1.1
Regression analysis


Table 14: Regression results of the weekly returns against the change in the net positions without the liquidity crisis
	
	Diagnostics

	 
	α0
	dspt
	R2
	Serial
	Heter
	Heter
	Normal

	Currency
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	Australian dollar
	-0.11
	-1.55***
	0.31
	3.12
	3.96
	2.81
	4.32

	 
	(-1.30)
	(-9.88)
	 
	(0.08)
	(0.14)
	(0.09)
	(0.12)

	British pound
	-0.01
	-0.93***
	0.33
	9.99
	2.32
	0.06
	270.98

	
	(-0.45)
	(-19.10)
	
	(0.00)
	(0.31)
	(0.81)
	(0.00)

	Canadian dollar
	-0.02
	-0.94***
	0.34
	22.36
	5.48
	1.02
	124.71

	
	(-0.76)
	(-19.32)
	 
	(0.00)
	(0.06)
	(0.31)
	(0.00)

	Euro
	0.00
	-0.55***
	0.23
	0.30
	6.02
	0.12
	0.98

	
	(0.01)
	(-7.31)
	
	(0.58)
	(0.05)
	(0.73)
	(0.61)

	Japanese yen
	0.00
	-0.66***
	0.27
	0.62
	3.24
	0.95
	675.36

	
	(-0.01)
	(-16.27)
	
	(0.43)
	(0.20)
	(0.33)
	(0.00)

	Mexican peso
	0.11**
	-1.59***
	0.17
	0.03
	1.60
	2.52
	1026.50

	
	(2.56)
	(-11,04)
	
	(0.87)
	(0.45)
	(0.11)
	(0.00)

	Swiss franc
	-0.02
	-1.37***
	0.36
	13.75
	17.44
	0.35
	74.23

	
	(-0.39)
	(-12.58)
	
	(0.00)
	(0.00)
	(0.56)
	(0.00)


Notes: The table shows OLS estimates for equation [4.3]. The dependent variable 
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dfx

is the weekly returns in the foreign currency per U.S. dollar exchange rate of each Tuesday multiplied by 100. The dependent variable 
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 is the change in the net position in position of speculators in billions of U.S. dollars. The t-values of the coefficients are shown in the parentheses and are corrected for heteroskedasticity. Asterisks refer to the level of significance: ***:1% **:5% *:10%.  Colum 3 presents the adjusted R2. Colum 4 displays the results of the Breusch-Godfrey LM test for first-order autocorrelation in the residuals. The Breusch-Godfrey LM test estimates are based on equation [4.4], where the probability values are shown in the parentheses. The first-order autocorrelation is corrected by adding a first-order autoregressive term in the structural model. A third-order autoregressive term was needed to correct for autocorrelation in the British pound. Colum 5 shows the White test estimates for equation [4.5], where the probability values are shown in the parentheses. Possible heteroskedasticy in the residuals are corrected with the HAC covariance matrix of Newey and West (1987). Column 6 presents the Glejser test estimates for equation [4.6], where the probability values are shown in the parentheses.  Colum 7 displays the Jarque-Bera test estimates for equation [4.7], where the probability values are shown in the parentheses.  The sample period is from January 5, 2003 up to December 26, 2006, where the time period is adjusted for the Australian dollar (October, 2002 up to December, 2006), Euro (January, 1999 up to December, 2006) and Mexican peso (May, 1995 up to December, 2006).

The ‘new’ structural model differs in comparison to the ‘old’ structural model
. The results in table 14 show an increase in the adjusted R2 value. This indicates that 17 to 36 percent of the weekly returns in the foreign currency per U.S. dollar can be explained by the change in the net position of speculators. For six out of the seven foreign currencies the adjusted R2 increases with 4 up to 13 percent. A possible explanation for this result is that the foreign exchange rate changes are also correlated with other factor(s). The factor(s) has more influence in a crisis, because in a crisis more information is available in a short time span. As a consequence the foreign exchange rates adjust very quickly. So, it is almost impossible for speculators to adjust their futures positions. 

The adjusted R2 for the Japanese yen shows no appreciation, indicating that liquidity crisis has a small influence on the expectations of speculators in the Japanese yen. While the adjusted R2 for the Australian and Canadian dollar depicts that the liquidity crisis has a large influence on the expectations of the speculators. Furthermore, this might suggest that the Australian and Canadian dollar are more correlated with other factor(s) than the other foreign currencies.

The adjusted R2 of 17 to 36 percent is still lower than the adjusted R2 of 30 to 45 percent found by Klitgaard and Weir (2004). Other possible explanations for the difference in the adjusted R2 are: the longer time period in this paper and that Klitgaard and Weir (2004) classify non-reportable traders as speculators, while this paper does not take account of non-reportable traders.

The results of the White test depict that the variance of the residuals for the Euro and the Swiss franc is heteroskedastic, while the results of the Glejser test displays that for all the foreign currencies variance of the residuals is homoskedastic at a five percent significance level. The result for the Euro in the White is quite odd. The expectation is that the variance of the residuals is heteroskedastic when the liquidity crisis is incorporated in the sample period and homoskedastic when the liquidity crisis is excluded. This is because a crisis is responsible for a lot of movements in the residuals. A possible explanation for the results in the White test is that during the liquidity crisis volatility clusters in the Euro disappeared after a couple of hours, while normally the volatility clusters persist longer. The liquidity crisis also influences the results of the Jarque-Bera test. The Jarque-Bera test statistic decreases for all the foreign currencies. As a result, the residuals of the Australian dollar and Euro have a normal distribution. This is sounds plausible, because when there is a crisis the residuals behave in a more volatile manner, so the probability of a normal distribution decreases.

In summary, the ‘new’ structural model shows that 17 to 36 percent of the weekly returns in the foreign currencies can be explained by the change in the net position of speculators. For six of the seven foreign currencies this is an increase in adjusted R2 by 4 up to 13 percent. A possible explanation is that the other factor(s) than the order flows of speculators are correlated with foreign exchange rate changes. The adjusted R2 of 17 to 36 percent is still lower than the adjusted R2 of 30 to 45 percent found by Klitgaard and Weir (2004). Other possible explanations are: the longer time period used in this study and that Klitgaard and Weir (2004) classify non-reportable traders as speculators, while in this paper the            non-reportable traders are not taken into account. Nevertheless, the conclusion is that the liquidity crisis has an influence on the regression results, whereby foreign exchange rate changes are more closely correlated with other factor(s) during a crisis, since more information is available in a short time span.   

5.1.2
Granger causality test







Table 15: Granger causality test results without the liquidity crisis
	Currency
	 
	Lags
	Observations
	F-statistic
	Probability

	Australian dollar
	Regression model 1
	1
	219
	0.01
	0.94

	 
	Regression model 2
	1
	219
	3.96
	0.05

	British pound
	Regression model 1
	4
	725
	1.39
	0.24

	 
	Regression model 2
	11
	718
	2.68
	0.00

	Canadian dollar
	Regression model 1
	1
	728
	0.16
	0.69

	 
	Regression model 2
	6
	723
	4.39
	0.00

	Euro
	Regression model 1
	1
	415
	5.62
	0.01

	 
	Regression model 2
	13
	403
	1.26
	0.24

	Japanese yen
	Regression model 1
	1
	728
	0.29
	0.59

	 
	Regression model 2
	12
	717
	2.32
	0.01

	Mexican peso
	Regression model 1
	2
	603
	0.08
	0.93

	 
	Regression model 2
	5
	600
	0.45
	0.82

	Swiss franc
	Regression model 1
	4
	723
	0.48
	0.75

	 
	Regression model 2
	14
	713
	2.66
	0.00


Notes: The shows the results of the Granger causality estimates for equation [4.8] and [4.9]. These regression models can be classified as regression model 1 and 2. The optimal lag is determined by the number of lags that minimizes the Akaike information criterion for equations [4.10] and [4.11].The sample is from January 5, 2003 up to December 26, 2006, where the time period is adjusted for the Australian dollar (October, 2002 up to December, 2006), Euro (January, 1999 up to December, 2006) and Mexican peso (May, 1995 up to December, 2006).

Table 15 depicts that for one out of the seven foreign currencies, there is no statistical evidence to reject the null hypothesis for the regression models at a five percent significance level. This means that there is no causal relationship between the weekly returns in the Mexican peso per U.S. dollar exchange rate and the change in the net positions of speculators in billions of U.S. dollars. The regression analysis shows that the changes in the foreign exchange rates are also affected by other factor(s). The movements in the Mexican peso can be more closely correlated with other factor(s), compared to the movements in the other foreign currencies. This is a possible explanation as to why there is no causal relationship between the weekly returns in the Mexican peso and the order flows of speculators in the futures market. 

For five out of the seven foreign currencies there is statistical evidence to reject the null hypothesis for regression model 2 at a five percent significance level. This means that the weekly returns in the Australian dollar, British pound, Canadian dollar, Japanese yen and the Swiss franc have an influence on the change in the net positions of speculators. These results suggest that the change in the net positions of speculators cannot be useful in predicting the weekly returns. However, the past values of the weekly returns have an influence on the change in the net positions of speculators. 

Only one of the seven foreign currencies shows statistical evidence of the null hypothesis being rejected for regression model 1 at a five percent significance level. This indicates that the change in the net positions of speculators to the weekly returns in the Euro has an influence on the weekly returns. This result suggests that the change in the net positions of speculators can be useful in predicting the weekly returns.

There are some differences between these results and the results in which the liquidity crisis is incorporated. One of these differences is that for the Australian dollar and the Euro there is a causal relationship between the change in the net positions of speculators and the weekly returns. That there is a causal relationship between these two variables sounds plausible, because through the liquidity crisis movements in the foreign exchange rate are more likely to be correlated by other factor(s). Therefore, it is difficult to identify a casual relationship between the weekly returns in the foreign currency and the order flows of speculators in the futures market. 

Another difference is that the feedback relationship for the Canadian dollar no longer exists. This result is quite unusual in that the expectation is that the Granger causality test is better in identifying a feedback relationship when the foreign exchange rate changes are less correlated with other factor(s). A possible explanation is that the optimal lag is affected by the adjusted sample period, so that the outcomes of the Granger causality test change. The change in the optimal lag in the Granger causality test for the Canadian dollar is larger, than for the other foreign currencies.

In summary, these results show that for one out of the seven currencies there is no causal relationship present between the weekly returns in the foreign currency per U.S. dollar exchange rate and the change in the net position of speculators in billions of U.S. dollars. A possible explanation is that the movements in the Mexican peso are more affected by other factor(s), compared to the movements in the other foreign currencies. Meanwhile, for the other six foreign currencies there is a causal relationship present. For five out of the seven foreign currencies the weekly returns have an influence on the change in the net positions of speculators. These results suggest that the change in the net positions cannot be useful in predicting the weekly returns. However, the past values of the weekly returns have an influence on the change in the net positions of speculators. For one foreign currency the change in the net positions of speculators has an influence on the weekly returns. This result suggests that the change in the net positions can be useful in forecasting the weekly returns.  Furthermore, there are some differences between the two sample periods. One of these differences being that several of the foreign currencies show a causal relationship between the weekly returns and the change in the net positions of speculators These results sound plausible and can be explained by the influence of the liquidity crisis on the correlation between the weekly returns and the order flows of speculators. Another difference is that the feedback relationship no longer exists. A possible explanation for this result is that the optimal lag is affected by the adjusted sample period.

5.2
Forecasting weekly returns in the foreign exchange rates

The time period is divided into two sample periods, namely an in-sample and an out-of-sample period. The in-sample time period is from January 5, 1993 up to December 30, 2003. So the out-sample period is from January 6, 2004 up to December 26, 2006
.

5.2.1
Forecasting models

I use the structural, ARMA(p,q) and dynamic models to investigate if the weekly returns in the foreign exchange rate can be predicted using the order flows of speculators in the futures market. By adjusting the time period the ARMA(p,q) model estimated in subsection 4.2.1 is not the optimal ARMA(p,q) model anymore. The optimal ARMA(p,q) model is determined by the model orders p and q, which minimises the value of the Akaike information criterion. The optimal ARMA(p,q) models are reported in table 16.

Table 16: The optimal ARMA(p,q) model without the liquidity crisis
	Currency
	Model order p
	Model order q

	British pound
	8
	10

	Canadian dollar
	4
	10

	Euro 
	6
	6

	Japanese yen
	6
	6

	Mexican peso 
	7
	7

	Swiss franc
	6
	5


Notes: The optimal ARMA(p,q) model is determined by the model orders p and q, which minimises the value of the Akaike information criterion. The sample is from January 5, 2003 up to December 26, 2006, where the time period is adjusted for the Euro (January, 1999 up to December, 2006) and Mexican peso (May, 1995 up to December, 2006).


5.2.2
Forecast evaluation

I use the RMSE and MAE to examine the forecast statistics. The results of the RMSEs and MAEs are shown in table 17 and 18.
Table 17: Root mean square forecast errors without the liquidity crisis
	 Currency
	RW 1
	RW 2
	Structural
	ARMA(p,q)
	Dynamic

	British pound
	1.25
	1.25
	1.02
	1.02
	1.04

	Canadian dollar
	1.07
	1.07
	0.91
	0.92
	0.91

	Euro
	1.17
	1.17
	1.72
	1.89
	1.70

	Japanese yen
	1.22
	1.22
	1.10
	1.14
	1.13

	Mexican peso
	0.97
	0.96
	2.36
	2.97
	2.30

	Swiss franc
	1.33
	1.33
	1.19
	1.22
	1.21


Notes: In this table the root mean square errors (RMSEs) are calculated as follows: 
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 In this equation T is the total sample size, T1 represents the first out-of-sample observation and fdfxt is the predicted value of the weekly returns.  The RMSEs are expressed in percentage terms. In this table RW 1 represents the random walk model with the drift and RW 2 is the random walk model without the drift. The sample is from January 5, 2003 up to December 26, 2006, where the time period is adjusted for the Euro (January, 1999 up to December, 2006) and Mexican peso (May, 1995 up to December, 2006). 
By excluding the liquidity crisis the RMSEs become more accurate. The results show that for four out of the six foreign currencies the random walk models fail to improve the forecasting models. By comparing these results with the RMSEs in which the liquidity crisis is incorporated, it depicts that for the majority of foreign currencies the structural, ARMA(p,q) and dynamic models are better in forecasting the weekly returns in the foreign currencies than the random walk models.

For two out of the six foreign currencies the forecasting models still fail to improve the random walk models, despite the fact that the liquidity crisis is excluded from the out-of-sample period, indicating that the liquidity crisis is not the reason why the random walk models beat the forecasting models for the Euro and Mexican peso. Another possible explanation is that the in-sample period for the Euro and Mexican peso is smaller in comparison to the in-sample period of the British pound, Canadian dollar, Japanese yen and the Swiss franc. 

The results in table 17 also display that there are no large differences between the random walk model with and without the drift. A possible explanation is that for five out of the six foreign currencies there is statistically significant evidence that in random walk model 1 the drift is equal to zero. This means that the random walk model with the drift is equal to a random walk model without the drift.


Table 18: Mean absolute forecast errors without the liquidity crisis
	 Currency
	RW 1
	RW 2
	Structural
	ARMA(p,q)
	Dynamic

	British pound
	1.00
	1.00
	0.79
	0.79
	0.79

	Canadian dollar
	0.88
	0.88
	0.71
	0.70
	0.70

	Euro
	0.93
	0.93
	1.29
	1.39
	1.26

	Japanese yen
	0.98
	0.98
	0.80
	0.86
	0.81

	Mexican peso
	0.77
	0.75
	1.75
	2.20
	1.67

	Swiss franc
	1.05
	1.05
	0.93
	0.95
	0.92


Notes: In this table the root mean square errors (MAEs) are calculated as follows:
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. In this equation T is the total sample size, T1 represents the first out-of-sample observation and fdfxt is the predicted value of the weekly returns. The MAEs are expressed in percentage terms.  In this table RW 1 represents the random walk model with the drift and RW 2 is the random walk model without the drift. The sample is from January 5, 2003 up to December 26, 2006, where the time period is adjusted for the Euro (January, 1999 up to December, 2006) and Mexican peso (May, 1995 up to December, 2006).
The results of the MAEs are identical with the results of the RSMEs, indicating that the large outliers have almost no impact on the forecast statistics. 






Table 19: Diebold-Mariano test results without the liquidity crisis
	
	Random walk model 1
	Random walk model 2

	Currency
	Structural
	ARMA(p,q)
	Dynamic
	Structural
	ARMA(p,q)
	Dynamic

	British pound
	-3.80
	-3.67
	-3.51
	-3.81
	-3.68
	-3.52

	 
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)

	Canadian dollar
	-2.38
	-2.39
	-2.43
	-2.37
	-2.38
	-2.42

	 
	(0.02)
	(0.02)
	(0.02)
	(0.02)
	(0.02)
	(0.02)

	Euro
	3.21
	3.86
	3.11
	3.21
	3.86
	3.11

	 
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)

	Japanese yen
	-1.39
	-0.90
	-0.97
	-1.39
	-0.89
	-0.96

	 
	(0.17)
	(0.37)
	(0.33)
	(0.17)
	(0.38)
	(0.34)

	Mexican peso
	5.85
	5.96
	5.57
	5.87
	5.98
	5.59

	 
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)
	(0.00)

	Swiss franc
	-1.31
	-1.02
	-0.99
	-1.31
	-1.01
	-0.99

	 
	(0.19)
	(0.31)
	(0.32)
	(0.19)
	(0.31)
	(0.32)


Notes: The table reports the modified Diebold-Marino test estimates for equation [4.20]. The probability values are shown in the parentheses. In this table random walk model 1 represents the random walk model with the drift and random walk model 2 is the random walk model without the drift. The sample is from January 5, 2003 up to December 26, 2006, where the time period is adjusted for the Euro (January, 1999 up to December, 2006) and Mexican peso (May, 1995 up to December, 2006).
Table 19 depicts that for four out of the six foreign currencies the structural, ARMA(p,q) and dynamic models improve the random walk models. Thus, for the other two foreign currencies the forecasting models do not improve the random walk models. These results are consistent with the result of the RMSEs and MAEs. This is quite logical because the RMSEs, MAEs and MSEs are almost identical forecast evaluation methods. 

For two out of the six foreign currencies there is no statistical evidence to reject the null hypothesis at a five percent significance level. This means that not one of the forecasting models is statistically significantly better or worse in predicating the weekly returns in the Japanese yen and the Swiss franc per U.S. dollar exchange rate than the random walk models. Table 19 also shows that the random walk models are statistically significantly better in predicting the weekly returns in the foreign currencies than the forecasting models for the Euro and Mexican peso. These results did not change. This indicates that the liquidity crisis has no influence on the predictability of the weekly returns in the Euro and Mexican peso per U.S. dollar exchange rate 

Remarkable is that for two out of the six foreign currencies there is statistical evidence that the forecasting models outperform the random walk models at a five percent significance level. This suggests that the forecasting models are statistically significantly better in forecasting the weekly returns in the British pound and the Canadian dollar than the random walk models. What’s more, the results in table 19 show that are no large difference in the outcomes of the modified Diebold-Mariano test between the two random walk models. 

In summary, the results the RMSEs and MAEs show that for four out of the six foreign currencies the structural, ARMA(p,q) and dynamic models are better in forecasting the weekly returns than the random walk models. Thus, for the other two foreign currencies the forecasting models are not better in forecasting the weekly returns than the random walk models. When the Diebold-Mariano test is conducted, there is evidence that the forecasting models are statistically significantly better in forecasting the weekly returns in the British pound and the Canadian dollar than the random walk models. Further, there is evidence that the random walk models are statistically significantly better in predicting the weekly returns in the Euro and Mexican peso than the forecasting models. Also, for all the foreign currencies it displays that the results of the two random walk models are almost identical. A possible explanation is that for five out of the six foreign currencies there is statistically significant evidence that in random walk model 1 the drift is equal to zero. This means that random walk model 1 is equal to random walk model 2. 
5.2.3
The direction of the weekly returns in the foreign exchange rates





The results in table 20 reveal that for all the foreign currencies there is statistical evidence to reject the null hypothesis at a five percent significance level. The sample proportion of successes is for all the foreign currencies larger than 0.5, suggesting that the forecasting models can predict the direction of the weekly returns in the foreign currency per U.S. dollar exchange rate. 

Furthermore, the rankings depict that for three out of the six foreign currencies the dynamic model has the highest value of the sample proportion of successes. While for two of the foreign currencies the  ARMA(p,q) model has the highest value of the sample proportion of successes and for one foreign currency the structural model has the highest value of the sample proportion of successes. This suggests that the dynamic model is the best forecasting model in predicting the direction in the weekly returns.

The results of the average values of the rankings show that the dynamic model has the lowest value (1.67), followed by the structural and ARMA(p,q) models (2.00 and 2.17). Therefore, the conclusion is that the dynamic model is the best forecasting model in predicting the direction in the weekly returns in the foreign currency per U.S. dollar exchange rate. 

Table 20: Predicting the direction of the weekly returns in the foreign exchange rates without the liquidity crisis
	Currency
	Structural
	ARMA(p,q)
	Dynamic

	British pound
	0.782
	0.788
	0.763

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	1
	3

	Canadian dollar
	0.699
	0.737
	0.712

	 
	(0,00)
	(0.00)
	(0.00)

	Rankings
	3
	1
	2

	Euro
	0.679
	0.679
	0.692

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	2
	1

	Japanese yen
	0.782
	0.776
	0.808

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	3
	1

	Mexican peso
	0.776
	0.744
	0.788

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	2
	3
	1

	Swiss franc
	0.766
	0.740
	0.747

	 
	(0.00)
	(0.00)
	(0.00)

	Rankings
	1
	3
	2

	
	
	
	

	Sum of the rank position
	12.00
	13.00
	10.00

	Average rank position
	2.00
	2.17
	1.67


Notes: The table reports the sample proportion of successes. The probability values of the sign test statistics are shown in the parentheses and equation [4.21] is used to calculate the probability values. The rankings are based on the value of the proportion of successes. The sample is from January 5, 2003 up to December 26, 2006, where the time period is adjusted for the Euro (January, 1999 up to December, 2006) and Mexican peso (May, 1995 up to December, 2006).

In summary, all the forecasting models can predict the direction of the weekly returns in the foreign currency per U.S. dollar exchange rate, while the dynamic model is the best model to predict the direction in weekly returns in the foreign currencies. Nevertheless, by excluding the liquidity crisis from the sample period, it does not lead to the conclusion that the weekly returns in the foreign currency per U.S. dollar exchange rate can be predicted using the order flows of speculators in the futures market, despite two out of the six foreign currencies providing empirical evidence that the forecasting models outperform random walk models. For the majority of the foreign currencies, there is no empirical proof that weekly returns can be predicted. 

5.3
Discussion

This section shows that the movements in the foreign exchange rates are also correlated by other factor(s) besides the order flows of speculators in the futures market. When the liquidity crisis is removed from the sample there is more correlation between the weekly returns in the foreign currency and the change in the net positions of speculators. This increases the possibility for the forecasting models to outperform the random walk models. For two out of the six foreign currencies there is empirical evidence that the forecasting models outperform the random walk models. Although, the majority of the foreign currencies provide no empirical evidence that the forecasting models perform better in predicting the weekly returns than the random walk models. 

A possible explanation is that foreign exchange rate changes are also correlated with other factor(s). By including the other factor(s), it might be possible to forecast the weekly returns in the foreign currency per U.S. dollar exchange rate. However, RMSE, MSE and MAE methods are quite popular, but the RMSE and MSE are sensitive about large outliers in the data. Rime et al. (2009) use different dynamic allocation strategies to evaluate the predicted values. In order to evaluate the performance of the portfolio the mean-variance analysis is undertaken and a quadratic utility criterion is used to investigate whether the investor benefits economically by investing in the order flow model instead of the random walk model. Switching from the traditional forecast evaluation method (RMSE, MSE and MAE) to a quadratic utility criterion, might be possible to predict foreign exchange rate movements. Nevertheless, further research should be done to investigate if these assumptions indeed influence the predictability of movements in the foreign exchange rates. 

6.
CONCLUSION

Academic literature shows that it is difficult to predict foreign exchange rate changes (e.g. Meese and Rogoff, 1983; Cheung et al., 2005). As a result, new variables are taken into account, one of the new variables being order flow. Previous papers find that order flow is a powerful tool to explain foreign exchange rate movements. Therefore I investigate the relation between the weekly returns in the foreign currency per U.S. dollar exchange rate and the order flows of speculators in the futures market. 

The empirical results show that 13 to 31 percent of the weekly returns in the foreign currency can be for explained by the change in the net positions of speculators in the futures market. These results suggest that both variables are correlated by public information. Public information is used by speculators to form expectations about the movements in the foreign exchange rates. Speculators buy and sell futures contracts based on these expectations. As a result, the futures and spot prices change, so that the U.S. dollar appreciates or depreciates. The liquidity crisis can be an explanation why Klitgaard and Weir (2004) find that 30 to 45 percent of the weekly returns can be explained by the change in the net positions of speculators. 

When looking at the causal relationships, the results suggest that for four out of the eight foreign currencies there is no causal relationship present between the weekly returns of the foreign currency and the change in the net positions of speculators. This result can be explained by the shorter time period of the foreign currencies and the influence of the liquidity crisis. For the other four foreign currencies there is a causal relationship present. For three out of four of the currencies the change in the net positions cannot be useful in predicting the weekly returns over the following week. However, the past values of the weekly returns influence the change in the net positions of speculators. Only one currency shows that there is a feedback relationship between the weekly returns and the change in the net positions of speculators. This feedback relationship in the Canadian dollar can be explained by the close link the Canadian economy has with the United States.

The results of the RMSEs and MAEs for the out-of-sample forecasting reveal that for two out of the six foreign currencies the forecasting models are better in forecasting the weekly returns than random walk models. Thus, for the other four foreign currencies the forecasting models are not better in forecasting the weekly returns than the random walk models. Although, the forecasting models improve the random walk models for the Canadian dollar and Japanese yen, there is no empirical evidence that these forecasting models are better in predicting the weekly returns than the random walk models. Nevertheless, for the Euro and Mexican peso there is statistically significant evidence that the random walk models outperform the forecasting models. On the other hand, the direction of the weekly returns in the foreign currency per U.S. dollar exchange rate can be predicted, but there is no specific forecasting model better in predicting the direction in the weekly returns. As mentioned before the liquidity crisis is responsible for a lot of movements in the data. Therefore, the liquidity crisis is excluded from the sample period. 

The key findings of excluding the liquidity crisis are: (i) that the change in the net positions of speculators in the futures market can explain for 17 to 36 percent of the weekly returns in the foreign currency per U.S. dollar exchange rate. This results show that other factor(s) than the order flows of speculators are correlated with foreign exchange rate changes. This percentage is still lower than the 30 to 45 percent found by Klitgaard and Weir (2004), so the liquidity crisis is not the only explanation. Other possible explanations are the longer time period in this paper and that Klitgaard and Weir (2004) classify non-reportable traders as speculators, while in this research the non-reportable traders are not taken into account and (ii) the results of the RMSEs and MAEs for the out-of-sample forecasting show that for four of the six foreign currencies the forecasting models are better in forecasting the weekly returns in the foreign currency per U.S. dollar exchange rate than the random walk models. Although, for four foreign currencies the forecasting models improve the random walk models, for only two foreign currencies there is empirical evidence that the forecasting models outperform the random walk models.

In summary, the empirical results show that it is difficult to predict foreign exchange rate movements; despite the fact that in two out of the six foreign currencies the forecasting models outperform the random walk models. The results suggest that other factor(s) are correlated with foreign exchange rate changes. By including the other factor(s), it might be possible to forecast the weekly returns. Other papers (e.g. Rime et al., 2009) use a quadratic utility function to evaluate forecast performance instead of the RMSE, MSE and MAE. Nevertheless, further research should be done to investigate whether these assumptions indeed influence the predictability of movements in the foreign exchange rates. 
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�EMBED Equation.3���











� This result is later on confirmed by: Payne (2003), Dominguez and Panthaki (2006), Killeen, Lyons and Moore (2006) and Berger, Chaboud, Chernenko, Howorka and Wright (2008)


� If a dealer trade against another dealer’s yen/dollar quote and he buys (sells) the dollar, than the order flow is +1 (-1). 


�This result is later on confirmed by: Payne (2003), Dominguez and Panthaki (2006), Killeen, Lyons and Moore (2006) and Berger, Chaboud, Chernenko, Howorka and Wright (2008).


� For empirical support see Engel and West (2004) 


� Transaction flow represents the order flow


� See Bessembinder (1992), Roon, Nijman and Veld  (2002), Wang (2003 and 2004) and Bryant, Bessler and  Haigh (2006)


� Because two currencies are involved in each transaction, the sum of the percentage shares of individual currencies totals 200% instead of 100%


� For empirical support see Bank for International Settlements (2002) Foreign exchange and derivatives market activity in 2001.


� Source: Statistics Canada (�HYPERLINK "http://www.ic.gc.ca/sc_mrkti/tdst/tdo/tdo.php" \l "tag"�http://www.ic.gc.ca/sc_mrkti/tdst/tdo/tdo.php#tag�)





� The German mark is not taken into account, because the time period of the German mark ends at December 29, 1998. This means that the results of the German mark with or without the liquidity crisis are identical.


� The ‘new’ structural model refers to the structural model in which the liquidity crisis is excluded from the sample period and the ‘old’ structural model is the structural model in which the liquidity crisis is incorporated in the sample period.


� The Australian dollar is not used for out-of-sample forecasting due to the lack of observations in the in-sample period.





�For the literature review I have printed the working paper instead of the article. The results are identical, but in the article they removed the OLS estimates of the exchange rate-order flow model. When checking it in the article I did not find the OLS estimates. So that’s why I refer to the working paper.


�Can I remove this sentence? By the RMSE and in the summary this is also explained.
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