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ABSTRACT

This thesis examines the effectiveness of simultaneous and separate hedging strategies that use futures contracts to hedge the exposure of a British Bank to interest rate and foreign exchange risks. Using a MGARCH model, we estimate time-varying optimal hedge ratios that account for conditional variances and covariances. We assess the effectiveness of the hedging strategies under the mean-variance framework. The results show that optimal hedge ratios estimated with a simultaneous approach are less volatile than the ones estimated under the separate strategy. Furthermore, the variance reduction in the hedge portfolio is greater when the simultaneous strategy is applied. This study provides evidence of the importance of taking into account the correlations between the positions in the interest rates and foreign exchange markets when estimating the optimal hedge ratios, since the linkages between the markets create portfolio effects that, when incorporated into the hedging strategy, provide better outcomes. 
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CHAPTER 1 INTRODUCTION
Over recent years, risk management has been identified as one of the main issues that top management of financial institutions must address in order to accomplish better corporate results. Nonetheless, the 2008 financial crisis originated in the US subprime mortgage segment unveiled some deficiencies in the risk management process implemented by financial institutions. Some of the issues that provided lessons and require further measures are the transparency in the exposure held by financial institutions, the valuation of complex financial products, and the methodologies used by rating agencies as well as the weight investors give to these ratings when making investment decisions. However, one of the most important lessons taught by the financial crisis is that risk managers must have full understanding of the features of the innovative financial products they have in the portfolio and the risk these products entail.
In fact, the worldwide scope reached by the financial crisis originated in the US subprime segment was due to the lack of knowledge of banks and other financial institutions when going long in collateralized debt obligations (CDO’s). Many investors around the world were unaware that the risk from US mortgage loans has been repacked as asset backed securities and just focused on the high return these financial instruments yielded.
Therefore, the constant innovation in financial products and the dynamics in financial markets require that financial institutions assume a groundbreaking approach towards risk in order to optimize their risk-reward trade-off. One of the key aspects of the risk management framework is the assessment of the risk in positions held by the financial institutions on different markets, their relationship, and the best strategy to mitigate that risk.  
With regard to the latter, the financial crisis showed how markets that seemed independent under normal circumstances became strongly dependent after the shock in the markets. The evident relationship among the financial markets emphasizes how important it is to assess the different types of risk to which financial institutions are exposed from a portfolio perspective. Hence, the risk management strategy must be an integrated one, where the correlation that exists between risks is fully taken into account.
It is well known that interest rate and foreign exchange activities are among the most important sources of risk for financial institutions such as banks. However, the development in the financial markets, the expansion of banking operations abroad, and especially the innovation of the products and the complexity of the transactions carried out by banks, has made them even more exposed to these types of market risks. 
Nowadays, it is common for banks to invest part of their excess cash in assets in other countries, to participate in syndicated loans in foreign currencies, to fund their operations in foreign markets, and even to have affiliates or branches overseas. As a result, effective risk management has gained importance in the banking industry in order to minimize the increasing interest rate and foreign exchange risk. 

The latter, along with the high volatility experienced by the markets in recent years has emphasized the importance for bank executives to implement efficient risk management strategies. Traditionally, risk management strategies tackle each type of market risk independently, disregarding the connections that exist between different types of market risk. For instance, it is likely that interest rate risk is linked with foreign exchange risk. As explained by Wright and Houpt (1996), “a bank's interest rate position indirectly affects its overall foreign exchange exposure. The foreign exchange rate sensitivity of a bank with an open interest rate position typically will differ from that of a bank with no interest rate exposure, even if the two banks have the same actual holdings of assets denominated in foreign currencies”. The latter suggests that, given a certain level of interdependence between the bank’s positions in different markets, it might be suitable to implement an interdependent or simultaneous risk management strategy to address the different types of market risks to which the banks are exposed. 
One of the most popular means to manage risk in the financial industry is provided by the futures market, where banks can implement hedging strategies against unexpected movements in interest rates and foreign exchange markets. However, implementing these strategies efficiently is not easy and requires the identification of the characteristics present in the financial time series, for instance volatility.
Assessing and dealing with volatility is one of the most challenging tasks in Finance. It is crucial to understand how volatility behaves when making decisions in the financial industry, especially in order to improve decision making with respect to risk management. The latter has prompted academics and practitioners to develop hedging strategies and econometric multivariate models, where the main focus has been centered on accounting for variation of volatility over time and the interdependence of volatility between markets, between assets, and between different financial operations carried out by financial institutions.
Two empirical studies that investigate the implications of simultaneous hedging strategies are those from Gagnon et al. (1998) and Mun and Morgan (2003). In their studies, the authors implement econometric models that simultaneously estimate optimal hedge ratios (OHRs) for different types of market risk, taking into account the relationship in terms of volatility between the positions that are being hedged. According to their results, a simultaneous hedging strategy, where the correlation between the positions hedged is taken into account, outperforms a hedging strategy where the positions are hedge separately disregarding their correlation. Thus, they conclude that a simultaneous hedging strategy provides better results when implementing hedging strategies in the futures market.
According to the arguments so far, can a British Bank with exposure to interest rate and foreign exchange risks improve its performance in terms of return and risk exposure by implementing a simultaneous hedging strategy? This thesis researches the effectiveness of simultaneous hedging strategies in the UK market, providing further insight into an area that has not been extensively researched. In this sense, this thesis makes a contribution in the area of risk management as it investigates the implications of simultaneous hedging strategies in a market that, to the best of our knowledge, has not been researched before.   
This market is an interesting object of research due to its importance as one of the world financial centers. The developed and highly liquid British futures market, with a great variety of currency futures, provides elements that make the research in this market an appealing one to further understand the features of volatility modeling, research how to estimate the optimal hedge ratio, and evaluate the efficiency of hedging strategies. Furthermore, the large availability of financial time series for the futures contracts in this market makes the whole study more comprehensive. 
The whole study is interesting since banks traditionally implement hedging strategies that are independent for each market and its underlying risk (interest rate risk is hedged separately from foreign exchange risk), disregarding the links in terms of volatility between the markets that might have an effect when estimating the hedge ratios for the hedging strategies.

In order to estimate the optimal hedge ratios, a Multivariate GARCH (MGARCH) model is implemented in this research. This approach allows assessing the nonlinearity present in financial data and some features present in financial series such as volatility clustering and heteroskedasticity. Furthermore, it allows taking into account volatility spillovers between markets and assets, as conditional covariances and conditional variances are estimated. The latter is an important feature when estimating the optimal hedge ratios in order to simultaneously minimize interest rate and foreign exchange risks.

To estimate the simultaneous hedge ratios, a theoretical approach developed by Mun and Morgan (2003) will be applied. This approach accounts for the relationship among variables dealing with risk from interest rates and foreign exchange operations from a portfolio perspective.

The performance evaluation of hedging strategies is essential to identify the OHR. In this study, the performance evaluation of the independent and simultaneous hedging strategies will be analyzed under the mean-variance framework.

The empirical results in this thesis show that in terms of expected returns the hedging strategies do not exhibit significant differences, even though the separate strategy has slightly better results. However, when analyzing the hedging strategies in terms of conditional variance, the results demonstrate that the simultaneous strategy outperforms the separate strategy in almost all the cases, as it provides further conditional variance reduction. Therefore, a UK bank that implements a strategy to hedge simultaneously a portfolio which is exposed to interest rate and foreign exchange risks, could have a better performance and its risk management strategy will be more efficient in terms of risk reduction.
The rest of this paper is structured as follows. The second chapter provides a literature review of previous studies about hedging strategies and econometric methods to estimate optimal hedge ratios. The third chapter provides details of the empirical hedging model. The fourth section depicts the methodology used to estimate the hedge ratios and measure the effectiveness of the hedging strategies. In chapter five, a specification of the data is provided with the respective preliminary analysis. The empirical results of the hedging strategies are shown in chapter six. Finally, in chapter seven, some concluding remarks are given.
CHAPTER 2 LITERATURE REVIEW
The development in the research of financial series and thus the better understanding of their statistical properties allowed the improvement of the methods implemented to assess volatility, which at the same time lead to the improvement of the hedging strategies due to better estimates of the optimal hedge ratios (OHR)
. After the inception of organized futures markets in the United States at the Chicago Board of Trade (CBOT) in October 1975, the hedging theories started to have a fast development. The traditional hedging theory at that point stated that hedgers should enter into a futures market position equal in magnitude but of opposite sign to their position in the cash market.
 This strategy was based on the assumption that spot and futures prices generally move together.
Ederington (1979), in an extension of the work of Johnson (1960) and Stein (1961), where portfolio theory was implemented to establish the hedge ratios through mean-variance optimization, stated that a traditional hedge theory will be perfect only if the change in the basis
 is zero. Furthermore, recalling the adaptive expectation theory, he made clear that, if the futures prices reflect market expectations, they should not normally match changes in cash prices. As a result, a conventional method to estimate the minimum-variance hedge ratio was developed through the estimation of a linear regression model
. This method assumed that the conditional covariance matrix of cash and futures returns is constant over time. Thus, the OHR is also constant.
Bell and Krasker (1986) proposed that the hedge ratio itself might vary with the information set. Thus, in order to estimate an OHR, the conditional moments of the variance and covariance should depend on the information set as well. According to this, the conventional regression method would yield a biased estimate of the hedge ratio. This is what Bell and Krasker (1986) called the least-squares problem.

Park and Bera (1987) investigated the validity of the OLS regression to estimate the hedge ratio in the mortgages market, focusing on the variance structure. They pointed out that “if the variance of the changes in futures prices behaves in a different way form that  in spot prices, the variances of the disturbance term would not be constant over time”, leading to the presence of heteroskedasticity
 in the linear regression model. As an alternative method to compute the OHR, Park and Bera (1987) proposed the implementation of an Autoregressive Conditional Heteroskedasticity (ARCH) model introduced by Engle (1982). 
In his seminal work, which is one of the most prominent tools used to deal with volatility of financial time series, Engle (1982) clearly differentiates between the conditional and unconditional variance
, and tackles the concept of constant variance assumed by the conventional approaches. He models the heteroskedasticity present in the variance by allowing the conditional variance of the disturbance term to change over time and be predicted by the immediately past forecasting errors.
The disadvantages of the conventional regression method to estimate the hedge ratio, were also tackled by Cecchetti et al. (1988) and Myers and Thompson (1989). On the one hand, Cecchetti et al. (1988), aware of the fact that the joint distribution of cash and futures prices changes over time, proposed a technique to estimate time varying optimal futures hedge ratios for the Treasury bonds, that deal with time-varying distributions and time-varying covariance matrix of returns. This hedging model based on the univariate ARCH model of Engle (1982), assumed that “while the mean returns and variances move substantially, the correlation of the cash and futures returns is nearly constant over time”.  
On the other hand, Myers and Thompson (1989) dealt with the fact that the conventional OLS linear model uses unconditional sample moments instead of conditional sample moments. They proposed a regression model with a large number of lagged futures and spot prices changes as information variables. In their model, the hedge ratio depends on the information set available at the time the hedging decision is made, and is calculated using the conditional covariance between the dependent and explanatory variables and the conditional variance of the explanatory variable.
Given that most of the financial time series are characterized by time-varying volatility and volatility clustering
, further development in the estimation of hedge ratios was achieved with the implementation of the Generalized Autoregressive Conditional Heteroskedasticity (GARCH) models. The GARCH model, developed by Bollerslev (1986), is an extension of the ARCH model that allows the conditional variance to be dependant upon its previous own lags. As stated in Bollerslev (1986), in the “ARCH(q) process the conditional variance is specified as a linear function of past simple variances only, whereas the GARCH(p,q) process allows lagged conditional variances to enter as well”.
Consequently, with the GARCH model the hedge ratio estimation acquired a dynamic approach as it provided an econometric method to compute time-varying hedge ratios. Thus, rather than using the unconditional sample variance and covariance, the conditional variance and covariance from the GARCH model are used in the estimation of the hedge ratio. Such a technique allows an update of the hedge ratio over the hedging period
.
Baillie and Myers (1991) investigated the distribution of commodity cash and futures prices in order to estimate the OHR. Their model is an extension of Cecchetti et al. (1988), since the price movements were modeled using a bivariate GARCH framework and the restriction that the conditional correlation between cash and futures returns is constant was replaced. The OHR is defined as the conditional correlation between cash and futures process divided by the conditional variance of the futures prices. With this model, Baillie and Myers (1991) found considerable time variation in the conditional covariance matrix and therefore, instead of finding one hedge ratio for the entire hedging horizon, they found a series of hedge ratios which means that the hedge ratio is time varying. 
Sephton (1993) extended the model of Baillie and Myers (1991) using a Multivariate GARCH (MGARCH) model to estimate the OHR for three different types of commodities. Consistent with the results of Baillie and Myers (1991), Sephton (1993) found that hedge ratios calculated within the GARCH model led to a lower conditional variance in the portfolio than those computed with the OLS regression method. Additionally, he highlights that his results are “commodity specific and that is difficult to determine the significance of relatively minor reductions in the in portfolio variance of certain commodities”. The latter was also mentioned by Baillie and Myers (1991).

In his remarks about future research, Sephton (1993) mentioned the importance of implementing a multivariate view of trading activities, which led to the research of how OHR could be estimated simultaneously across many commodity markets traded on the same exchange.
With the implementation of MGARCH
 models, which focus on the relationship of volatilities and co-volatilities in different markets, the topic of portfolio effects
 was addressed. As explained by Gagnon (1998), “information on the degree of covariability between each pair of futures, in addition to the information on the cash-futures covariance, should be taken into account in the construction of the hedge portfolio”. As stated in Bauwens et al. (2006), the implementation of these models can lead to more accurate time varying hedge ratios when hedging in the futures market.
Furthermore, the development of simultaneous hedge ratios estimated within the MGARCH framework has provided an important tool to tackle certain portfolio effects. These effects arise when the portfolio to be hedged consists of several types of assets, or assets that belong to different markets. For instance, this is the case for banks that participate simultaneously in the credit and foreign exchange markets through loan extensions, currency trading or foreign investments of excess cash.
Despite the possible advantages, in terms of portfolio variance reduction, of addressing portfolio effects through estimating simultaneous hedge ratios, the empirical research in this specific field is relatively scarce. Kroner and Claessens (1991) estimated time-varying optimal debt portfolios, which depend on the time-varying conditional variance-covariance matrix of exchange rates and terms of trade.  
Garcia et al. (1995) estimated simultaneous time-varying hedge ratios that account for the dynamic characteristics of prices in three different soybean products. They stated that the “bivariate GARCH model permits the conditional variances and covariances of spot and futures prices within specific markets to change through time, but eliminates the linkages across markets”. Therefore, they used a MGARCH model, along with another simple model, to estimate the covariance matrix.

In their results, Garcia et al. (1995) found that minimal gain in terms of variance reduction in the un-hedged portfolio was achieved when compared with a traditional constant variance-covariance procedure. However, as explained by Manfredo et al. (2000), the results “may be explained by their constant correlation MGARCH model, where the variances are allowed to change over time but the correlations between the various cash and futures prices are constant”.

Further research in the area of simultaneous hedging was provided by Gagnon et al. (1998), as they investigate dynamic and portfolio effects in a multi-currency hedging portfolio, where an N-asset portfolio is hedged with an N-futures contract portfolio. In the empirical model, Gagnon et al. (1998) implemented a MGARCH model with a BEEK parameterization introduced by Engle and Kroner (1995) that allows the variance-covariance matrix to be always positive definite, ensuring that conditional variances are always non-negative. 
With their framework to compute the time-varying hedge ratios, Gagnon et al. (1998) guarantee that if the futures used in the hedge portfolio are correlated, the portfolio effects will be taken into account when computing the hedge ratios. Moreover, Gagnon et al. (1998) highlighted that “separate bivariate systems ignore the covariance between components of the spot position as well as the covariance between the futures contracts used to implement the hedge, and hence do not take portfolio effects into account”. The results of this study show a reduction in the number of contracts required to implement the simultaneous hedging strategy in comparison to the bivariate strategy. Nonetheless, the efficiency comparisons between the two hedging strategies revealed that the simultaneous strategy is not necessarily more efficient at minimizing risk. 
Haigh and Holt (2002) investigated the effectiveness of a simultaneous hedging strategy in the energy markets by combining the estimation of time-varying hedge ratios and allowing for time-varying covariability between three related energy prices (crude oil, heating oil, and natural gas). Using a MGARCH model, they took into account volatility spillovers across different markets. The results showed superior performance in terms of risk reduction when the time-varying hedge ratios were estimated with the MGARCH model, as co-movement in prices was incorporated. 
It is evident that research about simultaneous hedging within a dynamic framework is somehow limited and it has mainly focused on the commodities market. A study that tackles the efficiency of simultaneous hedging for banks institutions was conducted by Mun and Morgan (2003). They implemented a MGARCH model to estimate simultaneous time-varying hedge ratios that take into account the interdependence between the interest rates and foreign exchange markets.

According to their research in the US market for a sampling interval beginning in January 1991 and ending December 2000, “the magnitude of separate hedge ratios is found to overstate that of simultaneous hedge ratios for banks that engage in both domestic loan extensions and foreign exchange operations”. Moreover, the results show that a “simultaneous hedging strategy noticeably outperforms a separate hedging strategy as it raises the expected return and reduces the conditional standard deviation of the portfolio”.
Under the circumstances mentioned above that demonstrate the lack of research of simultaneous hedging strategies, the main goal of this thesis is to extend the research in this field to another market that can provide further insight about the efficiency of this hedging strategy. Thus, analyzing simultaneous hedge in a new market with different assets is interesting since several authors have stated in their conclusions that the results of the hedging strategies are asset-specific. With regard to the latter, the main contribution of this thesis is the analysis of the covariances and correlations between specific assets when estimating the hedge ratios, since this issue might be crucial to establish an efficient hedging strategy.
In this study, the diagonal BEKK model (D-BEKK) which is an extension of the BEKK model (Engle and Kroner, 1995)
, will be applied to estimate dynamic hedge ratios that address time-varying variances and covariances. This model overcomes shortcomings present in the standard GARCH model and even in some of the extensions of the GARCH model, as for instance the VECH Model.
 The main advantages of the D-BEKK model are the possibility to have a positive definite covariance matrix
 and the reduction in the number of parameters used in the estimation of the models.

CHAPTER 3 HEDGING MODEL
The hedging model applied in this thesis is based on the models used by Mun and Morgan (2003) and Gagnon et al. (1998). We assumed a two-period horizon in which commercial banks carry out two types of transactions in the credit and foreign exchange markets. 
The credit operations, understood as loan extensions, are the main activity and source of income for the banks. The majority of the revenue of banks is earned from the net interest rate margin, which is the difference between the interest rate earned from extensions of long term loans and the interest rate paid on the short term deposits received from costumers. In their credit transactions, banks are exposed to interest rate risk
, mainly due to the mismatch in the repricing of loans and deposits. Generally, banks extend long term loans at a fixed interest rate and fund theses operations with short term deposits. Therefore, while banks set a fixed long-term rate for their revenues, at the same time they set a short-term rate for their expenses. Thus, for instance, an increase in the level of market interest rates will affect negatively the bank’s net interest rate margin.
The foreign exchange operations correspond to investments of excess cash that banks make in financial institutions overseas. Due to the possible difference between the exchange rate at the day of the investment and the one at the liquidation day, banks are exposed to foreign exchange risk
. 

3.1 Dynamic of the operations of the commercial bank 

Period 1: The Lending Division of the bank receives short-term deposits and provides its costumers with long term funding through loans at a fixed rate. Aware of the exposure to interest rate risk, the Risk Management division enters into interest rate futures contracts to hedge the bank’s position in the credit market. At the same time and in order to optimize the cash excess, the Treasury Division of the bank makes investments in markets overseas. Again, aware of the exposure to foreign exchange risk, the Risk Management division enters into foreign exchange futures contract to hedge the bank’s position in the foreign exchange market.
Period 2: The Lending Division provides new funding through short term deposits at an interest rate unknown at period 1. The Treasury Division liquidates the investments in the foreign markets at an unknown exchange rate at period 1. The Risk Management Division liquidates the positions in the currency and interest rate futures market. 

Following the notation in Mun and Morgan (2003), the variables of the models are summarized as follows in Table 1: 
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3.2 Profit function
In order to specify the profit function of the bank, two assumptions must be set as in Mun and Morgan (2003): 
· The credit and foreign exchange operations of the bank are funded entirely by the deposits from costumers. 
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· The covered interest rate parity (CIRP) condition holds in each currency.
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The profit obtained by the bank in the spot market corresponds to the interest payments on loans plus a return from holding foreign currencies less the costs of deposits. The return from an investment overseas denominated in a foreign currency is the interest rate for the currency plus any exchange rate variation. The profit function is as follows:                             
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where i represents various currencies

When taking into account the two assumptions mentioned above, the profit function can be rewritten as
:
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The profit obtained by the bank in the futures market corresponds to the outcome of its position in the interest and foreign exchange futures. According to the notation, the outcome in the interest rate future position is Nf (fT – f) and in the foreign exchange future position is NF (FT – F).
In the model, the portfolio of the bank consists of one position in the credit market (interest rate market) as a result of the extension of loans, and a position in the foreign exchange market that consists of equally weighted positions in four different currencies as a result of the investments overseas. The portfolio return at time t+1 can be expressed as follows:
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where ωt is the weight of the position in the credit market and n correspond to the number of positions in the foreign exchange market.
Once the bank decides to hedge the exposure of its portfolio implementing futures derivatives, the overall portfolio return, including the outcome in the spot and futures markets at time t+1, is:
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where Bt is the N × 1 hedge ratio vector at time t with N number of hedging instruments, and Gt+1 is the N × 1 vector of returns from futures transactions at time t+1.
3.3 Hedge Ratios
The N × 1 hedge ratio vector used in Eq (6) is determined according to the hedging strategy implemented by the bank. 
3.3.1 Separate hedge ratios
When banks hedge their exposition in the interest rate market independently of their exposition in the foreign exchange market and, at the same time, hedge their exposition in one single currency independently from their exposition in other currencies or their exposition in the interest rate market, a separate hedging strategy is implemented. Under this strategy, assuming that the bank is a mean-variance utility maximizer, the optimal mean-variance hedge ratio, which sets the amount of futures contracts held for each market, is determined by maximizing the expected utility function defined over profit:                          
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where X is the risk aversion parameter. As highlighted by Mun and Morgan (2003), the “expectation and variance operators are subscripted with t to indicate that they are measured conditional on information available at time t”. 
Given that it is subjective to establish the risk aversion parameter for the banks, a martingale assumption for futures prices is incorporated in the model following the work of Mun and Morgan (2003) and Gagnon et al. (1998).
 As explained by Chen et al. (2003), “if futures prices follow a simple martingale process, then we do not need to know the risk aversion parameter of the investor to find the optimal hedge ratio”. The latter is due to the fact that if the expected return in the futures position is zero, the optimal mean-variance hedge ratio would be equal to the optimal minimum variance hedge ratio.
 
Therefore, under the assumption that futures prices follow a martingale process and aware of the fact that hedge ratios are time-varying according to the new information available in the market, the expected utility maximizing hedge ratios for a separate hedging strategy with interest rates and foreign exchange futures is expressed as:
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Equation (8a) includes the conditional covariances between the returns from credit operations and interest rate futures transactions, and conditional variance of the returns from interest futures transactions. Equation (8b) includes the conditional covariances between the returns from foreign exchange investments operations and currency futures transactions, and conditional variance of the returns from currency futures transactions.

3.3.2 Simultaneous hedge ratios
When banks hedge their exposition in the interest rate market by taking into account the effects generated by their exposition in the foreign exchange market and vice versa, a simultaneous hedging strategy is implemented. This strategy deals with the risk exposure within a portfolio approach where the covariances between the different assets that form the portfolio are taken into account when estimating the optimal hedge ratios.
Under the simultaneous hedging strategy, the expected utility-maximizing hedge ratio that determines the amount of futures contracts required to hedge the spot exposure in the interest rate and foreign exchange markets is estimated according to the theoretical model developed by Mun and Morgan (2003).
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The notation of the theoretical model is summarized in Table 2.
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The optimal hedge ratio for the interest rate risk exposure is given by [image: image30.png]Biie



 and the optimal hedge ratio for the foreign exchange risk is given by [image: image32.png]


. As explained by Mun and Morgan (2003), “this representation for optimal hedge ratio allows us to correctly reflect the correlation between interest rate futures and currency futures returns as well as their correlation to returns from spot operations”. Therefore, the OHR should result in a more efficient hedge since the links between the positions in the different assets that form the portfolio are integrated into its estimation.  
CHAPTER 4 METHODOLOGY
In this section, we will explain the econometric specification implemented for the estimation of the OHR and the methodology used to measure the performance of the hedging strategies.

4.1 Estimation of the Optimal Hedge Ratio
In order to estimate the time varying OHR’s that deal with conditional variances and covariances, which are used as an input in the separate and simultaneous hedging strategies, we implement the Diagonal BEKK model, which is a special representation of the BEKK model (Engle and Kroner, 1995). The latter, is an extension of the multivariate generalized autoregressive conditional heteroskedasticity model (MGARCH). As mentioned before, the Diagonal BEKK model ensures a positive definite covariance matrix and also the reduction in the number of parameters used in the model because the matrixes that measure the ARCH and GARCH are restricted to be diagonals. 
The representation of the conditional mean equation and the conditional variance equation using the Diagonal BEEK model is as follows:
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Yt is the n x 1 vector containing the bank’s spot and futures return; u is a n x 1 vector of constants; et is the n x 1 vector of disturbances; Ωt−1 is the information set available at time t-1. 

Ht is the n x n time-dependant conditional covariance matrix that depends on its past values and of past values of et parameter; C is the n x n upper triangular parameter matrix; B is the diagonal parameter matrix that shows the extent to which current levels of conditional variances are related to past conditional variances; A is the diagonal parameter matrix that measures the extent to which conditional variances are correlated with past squared errors. 
In order to estimate the time-varying OHR for the separate hedging strategy where n=2, Yt  is defined as a 2 x 1 vector. Therefore, for the interest rate hedge the vector is defined as [(RL,t − RD,t ), (ft+1 − ft )]´  and for the foreign exchange hedge the vector is defined as [(1 + R*t )(St+1 − Ft ), (Ft+1 − Ft )]´.

To obtain the time-varying OHR for the simultaneous hedging strategy where n=4, Yt  is defined as a 4 x 1 vector. Thus, the vector is defined as [(RLt −RDt), (1+R*t) (St+1 −Ft), (ft+1 −ft), (Ft+1 −Ft)]´

The outcome of the implementation of the D-BEKK model, which is the conditional variances and covariances for the different positions, is then used as input in Eq (8) to obtain the OHR for the separate strategy, and in Eq (9) to obtain the OHR for the simultaneous strategy.  

4.2 Effectiveness of the hedging strategy

Once the different hedge ratios have been estimated, we proceed to evaluate the efficiency of the hedging strategies. The methodology applied in this study to compare the performance of the hedging strategies follows the mean-variance framework applied in Baillie and Myers (1991) and Park and Bera (1987), which is also applied in Mun and Morgan (2003).

First, a portfolio that reflects the bank’s position in the credit and foreign exchange markets is created. Following the condition that the bank funds its credit and foreign exchange operations exclusively by deposits, w represents the weight in the credit operations and (1-w) correspond to the position in the different currencies. The positions in the foreign exchange are equally weighted among the four different currencies (n =4). 

In this empirical work, it is assumed that the commercial bank is quite conservative and thus 80% of its funding is used to extend loans (w =0.8) and the remaining 20% is invested in foreign markets (1-w = 0.2).

Following the notation in Mun and Morgan (2003), the return of the portfolio in the spot market at time t+1 is as presented in Eq(5), where (RL,t – RD,t), Si,t+1, R*i,t,  and Fi,t are log futures and spot prices at time t.

The return of the whole portfolio, including the position in the futures market, is obtained by adding to the spot portfolio the return in the interest rate and foreign exchange futures markets. The latter is obtained by multiplying the return from each of the hedging instruments by its corresponding hedge ratio. According to Mun and Morgan (2003), the overall portfolio return at time t+1 can be written as in Eq(6).

Secondly, after obtaining the hedged return time series for the different portfolio under the various hedging strategies, we proceed to evaluate their performance within the mean-variance framework. To assess the efficiency of the hedge, we applied the measure of hedging effectiveness implemented by Ederington (1979), which is the percentage reduction in the variance of the portfolio return. Thus, we estimate the risk of the portfolios obtained under the different hedging strategies, where the risk is understood as the conditional variances of the returns, and compare it with the risk of the unhedged portfolio. The conditional variances of the hedge and un-hedge portfolio are expressed as
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where σs and σf are the standard deviation of the spot and futures price, respectively, σsf is the covariance between the spot and futures price, and h* is the optimal hedge ratio.
CHAPTER 5 DATA AND PRELIMINARY ANALYSIS
The area of interest of this study is the United Kingdom (UK) financial market, which not only guarantees a broad and efficient market where the prices of assets are unbiased but also ensures large availability of data that provides higher statistical accuracy.

The sampling period starts on January 22, 1999 and ends on May 22, 2009. The frequency of the data is weekly, which means that the econometric model is based on 540 observations. Weekly continuously compounded returns for all the spot and futures currency prices are computed as Ri,t  = 100 x Ln (Pi,t / Pi,t-1), where Ri,t  is the return for currency i at time t and Pi,t is the spot or futures price for currency i at time t. In the case of the interest rates, the continuously compounded interest rates are computed as Ln (1+ ii,t) where ii,t  is the continuously compounded interest rate i at time t.
It is assumed that the foreign exchange portfolio of the bank consists of excess cash investments in the following currencies: United States Dollar (USD); Japanese Yen (JPY); Euro (EUR); and Swiss Franc (CHF). Thus, we used spot prices as a proxy for the investment in foreign currencies, where all rates are expressed relative to the Great Britain Pound (GBP), except for the Euro, which due to the unavailability of data is expressed in terms of EUR per GBP. 
To account for the interest rate earned by the foreign investments, we used the three-month interbank interest rates in each of the four markets as a proxy for the risk-free rate. In the case of the Euro, we used the German interbank interest rate. The position in the foreign exchange market is hedged with three-month futures contracts for each of the corresponding spot positions.

The proxy for the interest rate on loan extensions is the UK Banks’ base rate. It is assumed that for its long term credit operations the banks charge an average spread of 200 basis points over their base rate. For the interest rate paid on deposits received from costumers, the proxy is the UK Local Authority deposit three-month rate. The bank’s exposure to interest rate risk is hedged with three-month sterling interest rate futures traded in the London International Financial Futures and Options Exchange (LIFFE).
All the data was collected from Thompson Datastream except for the loans interest rate, which was collected from the statistics section of the website of Bank of England. 

In order to set an appropriate hedging strategy, it is vital for risk managers to identify in advance the main characteristics of the markets where the bank participates and the positions that are going to be hedged. Thus, we should take a first look at the credit, foreign exchange and derivatives variables that belong to the UK markets. An idea of the behavior and dynamics of these markets is given by the plot of their log returns time series, which are displayed in Figure 1. The markets are highly affected by the financial turmoil originated by the credit crisis as of September 2008. 
Figure 1 Log returns time series for spot and futures positions  
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As seen in Figure 1, the returns behavior indicates the presence of high volatility with periods of positive and negative returns. Moreover, there are clear signals of volatility clustering, since volatility occurs in bursts. It is worth mentioning the extreme volatility in the last quarter of 2008 compared to the rest of the sample, as a result of the credit crisis which started with the debacle of the investment bank Lehman Brothers. Furthermore, volatility apparently behaves similarly across the credit, foreign exchange, and derivatives markets. Summarizing, quoting the expression used in Brooks (2008), at first sight the volatility in the series returns is “autocorrelated”.

A summary of the descriptive statistics for the returns in the spot and futures market are displayed in Table 3.
[image: image48.emf]Table 3. Descriptive Statistics 

RL_RD S1 S2 S3 S4 FIR F1 F2 F3 F4

 Mean 0,013 0,002 0,009 -0,002 0,005 0,000 0,000 0,000 0,000 0,000

 Median 0,013 0,002 0,010 -0,003 0,006 0,000 0,001 0,001 0,000 0,001

 Maximum 0,019 0,054 0,078 0,055 0,082 0,005 0,049 0,064 0,052 0,077

 Minimum 0,001 -0,092 -0,112 -0,078 -0,063 -0,013 -0,087 -0,162 -0,076 -0,068

 Std. Dev. 0,003 0,014 0,019 0,012 0,014 0,001 0,014 0,020 0,012 0,014

 Skewness -1,1279 -0,8391 -1,4955 0,0418 -0,4325 -3,5842 -0,6056 -1,5284 -0,0919 -0,3879

 Kurtosis 4,5050 8,1861 10,3318 8,5734 7,0207 44,6079 7,1568 13,6402 8,2202 7,3736

 Jarque-Bera 165,46 668,51 1.410,78 699,08 380,56 40.108,58 421,80 2.757,54 613,89 443,93

 Probability 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

 Observations 540 540 540 540 540 540 540 540 540 540


The volatility among the currency positions, measured by the standard deviation, is quite similar, except for the GBP/JPY, which at 19% is almost 500 basis points higher than that of the other positions in the spot and futures market. The volatility in the spot interest rate position is just 3% in the spot market and 1% in the futures market. The variables are leptokurtic as they have fat tails and are highly peaked at the mean. Furthermore, the variables are negatively skewed. The Jarque-Bera statistics reject the null hypothesis that the returns are normally distributed for all the variables.
As mentioned in the literature section, under the existence of conditional volatility, one of the best approaches to tackle the estimation of hedge ratios is the GARCH method. In order to confirm the existence of heteroskedasticity and determine if the GARCH model really fits the data, we will conduct an ARCH test, which is a Lagrange Multiplier (LM) test for ARCH effects in the residuals. This test will confirm if the magnitude of the residuals is related to the magnitude of recent residuals. The ARCH test is performed in the residuals of an estimated simple linear ARMA (1,1) model following Brooks (2008). As can be seen in the results displayed in Table 4, the F-statistic and LM-statistics are very significant for all the variables rejecting the null hypothesis of homoskedasticity and confirming the presence of heteroskedasticity in the variables’ returns implemented in the research.
Moreover, a test for non-stationarity of the series in order to avoid spurious regressions
 is performed using the Augmented Dickey Fuller (ADF) test, where the null hypothesis is that the variables contain a unit root. The results of the test shown in Table 4 reject the presence of unit roots for all the variables at all the critical levels, which means that the time series used in the model are stationary and consequently the mean, variance, and autocorrelation can be used to estimate the parameters. These results are in line with those obtained by Mun and Morgan (2003) and Kroner and Sultan (1993), and differ from the results of Baillie and Myers (1991), who found non-stationary price time series for the commodities used in their study. As explained by Kroner and Sultan (1993), “in contrast to commodity markets, currency markets hedge ratios are mean reverting, implying that the impact of a shock to hedge ratios eventually becomes negligible.” According to the results in Mun and Morgan (2003) and in this paper, the explanation about the behavior of the currency markets hedge ratios can be extended to foreign exchange prices series.
According to the main features of the time series and the results of the statistical tests, the GARCH model is a suitable approach to deal with volatility modeling in order to estimate the OHR for the UK banks.
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Critical Values of the ADF Test are -3,46% at 1%, -2,87 at 5%, and -2,57 at 10%


As highlighted by Mun and Morgan (2003), since banks simultaneously engage in credit and foreign exchange operations and purchase currency and interest rate derivatives to hedge the exposure in these operations, it is important to establish what kind of linkage exists between these four types of variables. Thus, an approximation of the relationship among these variables is obtained by estimating the unconditional correlation coefficients of the returns of the series. Since the purpose of this study is the effect of simultaneous hedging, special attention is given to cross-market unconditional correlation. The results, exhibited in Table 5, show a positive correlation between most of the variables. In the spot position, the highest correlation is the one between the returns from credit operations and the returns from foreign exchange investments in USD and JPY. Regarding, the futures position, all the variables exhibit more or less the same level of correlation. However, it is important to highlight that the general level of cross-market correlation is not high, as it varies between 0.15 and -0.15. Correlation within the same market increases compared with the cross-market correlation, where the correlation between GBP/EUR and GBP/CHF and GBP/USD and GBP/JPY exhibits the highest levels in both the futures and spot market. A graphic representation of the unconditional correlation is provided in Appendix 1. 
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As seen in the unconditional correlation matrix and its graphic representation in the appendix, there exist several types of linkages between the positions in the spot market that are going to be hedged, as well as between the instruments in the futures market that will be used in the hedging strategy. Therefore, implementing a simultaneous hedging strategy should create benefits under the existence of non-zero correlations among the variables included in the hedging model.
CHAPTER 6 EMPIRICAL RESULTS
6.1 Parameter estimates with D-BEKK model

First of all, we should analyze the parameter estimates obtained with the D-BEKK model as specified in Eq (10), which will serve as input for the estimation of the separate and simultaneous hedging model described in equations (8) and (9), respectively. The results are displayed in Table 6, where Panel A represents the estimates for the separate hedging strategy for each of the bank’s positions, while Panel B represents the estimates for the simultaneous hedging strategy of interest rate and each of the foreign exchange positions.
As seen in both panels of Table 6, in general the standard errors for both strategies are quite small in most of the cases, which means that on average the parameters are likely to be precise. 
When analyzing the mean specification for both strategies, it can be seen how the expected returns from holding futures contracts are not statistically different from zero. This provides statistically confirmation for the assumption made in the theoretical section, where the futures prices were presumed to follow a martingale process. As explained before, the fact that E(Rf)= 0 allows implementing consistently the minimum variance hedge ratio within the mean-variance framework.

These results are consistent with the results obtained by Mun and Morgan (2003) and contrary to those obtained by Gagnon et al. (1998), who found that the futures premium are statistically significant for the currency futures position, implying that the futures prices do not follow a martingale process. As explained by Gagnon et al. (1998), the implication of finding a premium in the futures position is that “the hedge portfolios will include a speculative component in addition to the risk-minimizing. Hence the risk-minimizing hedge and the optimal utility-maximizing hedge imply two different futures positions”. In general, the results on the validity of the martingale process assumption are mixed in the empirical studies. Nonetheless, we follow the assumption based on our own empirical results.
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-0.001829

0.000636**

0.005370

0.000721**

C(3)

-1.58E-05

4.96E-05

6.49E-06

4.30E-05

-9.55E-06

4.92E-05

1.49E-05

4.54E-05

C(4)

-8.68E-05

0.000801

0.000105

0.001008

0.000533

0.000623

-0.000564

0.000709

Covariance specification

RL_RD & GBP/USD

RL_RD & GBP/JPY

RL_RD & GBP/EUR

RL_RD & GBP/CHF

Coefficient

Std. Error

Coefficient

Std. Error

Coefficient

Std. Error

Coefficient

Std. Error

M(1,1)

7.69E-08

1.21E-08**

1.02E-07

1.36E-08**

8.51E-08

1.27E-08**

1.27E-07

1.97E-08**

M(1,2)

-2.79E-08

2.18E-07

9.13E-08

3.10E-07

8.20E-08

2.00E-07

-1.78E-07

3.31E-07

M(1,3)

-3.27E-08

1.24E-08**

-4.66E-08

1.50E-08**

-4.68E-08

1.16E-08**

-5.97E-08

1.60E-08**

M(1,4)

2.33E-09

2.02E-07

5.21E-08

3.59E-07

4.85E-08

1.97E-07

-9.39E-08

3.13E-07

M(2,2)

1.24E-05

2.64E-06**

5.26E-06

2.18E-06*

5.10E-06

1.41E-06**

9.11E-06

2.56E-06**

M(2,3)

3.97E-08

3.53E-08

1.94E-08

2.55E-08

-6.61E-08

2.28E-08**

9.25E-08

3.46E-08**

M(2,4)

1.07E-05

2.27E-06**

4.14E-06

1.58E-06**

4.36E-06

1.22E-06**

7.08E-06

1.98E-06**

M(3,3)

2.64E-09

1.89E-09

3.13E-09

2.02E-09

2.59E-10

1.27E-09

1.66E-09

1.56E-09

M(3,4)

3.18E-08

2.95E-08

1.48E-08

2.15E-08

-4.86E-08

1.93E-08*

6.28E-08

2.66E-08**

M(4,4)

9.56E-06

2.06E-06**

3.48E-06

1.36E-06*

3.78E-06

1.08E-06**

5.61E-06

1.64E-06**

A1(1,1)

0.806083

0.044239**

0.885493

0.047666**

0.837229

0.047395**

0.918613

0.045823**

A1(2,2)

0.255914

0.018341**

0.200042

0.015289**

0.249371

0.015291**

0.176246

0.014830**

A1(3,3)

0.230367

0.009079**

0.227777

0.008678**

0.213097

0.009464**

0.216855

0.008350**

A1(4,4)

0.222083

0.017301**

0.165756

0.013126**

0.237582

0.013962**

0.171103

0.014023**

B1(1,1)

0.658231

0.027374**

0.595468

0.024831**

0.640880

0.026624**

0.545558

0.027453**

B1(2,2)

0.936829

0.009773**

0.972865

0.005569**

0.951855

0.006886**

0.959838

0.008481**

B1(3,3)

0.977252

0.002864**

0.977384

0.002870**

0.983218

0.002125**

0.980967

0.002421**

B1(4,4)

0.950545

0.007796**

0.983047

0.003712**

0.960016

0.005373**

0.970545

0.005828**

Log likelihood

9.683

9.018

9.945

9.623
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* Statistical significance at less than 5% Level

** Statistical significance at less than 1% Level


When comparing the mean specification results from the separate and simultaneous strategy, it is evident how the expected returns from credit operations increase in the presence of foreign exchange operations in all the cases, where the main increments correspond to the EUR and CHF. These results are in line with the ones obtained by Mun and Morgan (2003).
Regarding the covariance specification, the evidence shows that most of the parameters in the C matrix are highly significant, reflecting that both variances and covariances are time-varying. The parameters in the diagonal matrixes B and A are statistically significant, indicating that current conditional variance is affected by its own past conditional volatility and is correlated with its past errors, respectively. Thus, a strong GARCH process drives the conditional variances and the D-BEKK model is suitable to compute the conditional variance-covariance matrix used as an input in the hedging model that estimates the optimal hedge ratios for the UK banks.
In order to assess the suitability of the model, we performed diagnostics test on the residuals for the separate and simultaneous models using the Portmanteau autocorrelations test. In both cases, we found mixed results with respect to autocorrelations in the residuals. For instance, in the case of the separate and simultaneous hedging strategy for USD and EUR, no autocorrelation is present, as the autocorrelation and partial autocorrelation functions are not significant and the Ljung-Box Q statistics do not reject the null hypothesis of no autocorrelation. On the other hand, there is evidence of autocorrelated residuals for JPY and CHF in both strategies, since the Ljung-Box Q statistics reject the null hypothesis of no autocorrelation. The results of the Portmanteau autocorrelations test are displayed in Appendix 2. 
6.2 Optimal Hedge Ratio Estimates 

After analyzing the parameter results, we proceed to assess the outcome from the estimation of the optimal hedge ratios, which in the case of the separate strategy were computed using Eq (8) and for the simultaneous strategy using Eq (9). 
Figure 2 Optimal Hedge Ratios for Separate and Simultaneous Hedging Strategy
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The time-varying OHR’s for all the positions hedged are displayed in Figure 2. Before conducting the analysis, it is worth clarifying that the simultaneous hedge ratios for the interest rates position are computed with each of the four foreign exchange positions, and as a result we have four different outcomes. The plots, in general, show that the OHR’s obtained with the simultaneous approach are less volatile than those obtained with the separate approach. In addition, for most of the sample period the simultaneous hedge ratio is below the separate hedge ratio, which means that a smaller number of contracts is required to hedge the spot position. 
The descriptive statistics for the hedge ratios shown in Table 7 confirm the reduction in the variance of the hedge ratios obtained with the simultaneous strategy when compared with those obtained with the separate hedge ratio. The reduction is quite significant for the exposure in CHF and JPY, 72% and 40.73%, respectively. Regarding the interest rate hedge ratio, the highest reduction in its variance is obtained when it is computed simultaneously with the USD (16.38%) and EUR (9.07%). The outcome when the hedge ratio is estimated along with exposure in the JPY and CHF is below 4% in both cases.

[image: image62.wmf]Table 7 Descriptive Statistics Simultaneous and Separate Hedge Ratios

Mean

Variance

Position

Separate

Simultaneous

Separate

Simultaneous

Δ

GBP/USD

0,997

1,006

0,13%

0,12%

-10,98%

GBP/JPY

0,834

0,830

0,51%

0,30%

-40,73%

GBP/EUR

0,993

0,988

0,16%

0,14%

-13,62%

GBP/CHF

1,013

0,987

0,37%

0,10%

-72,07%

RL_RD

a

-0,330

-0,346

68,31%

57,12%

-16,38%

RL_RD

b

-0,330

-0,367

68,31%

65,70%

-3,83%

RL_RD

c

-0,330

-0,417

68,31%

62,11%

-9,07%

RL_RD

d

-0,330

-0,385

68,31%

67,02%

-1,89%

a  Hedge Ratio for the Interest Rate  position calculated simultaneously with the USD position.

b  Hedge Ratio for the Interest Rate  position calculated simultaneously with the JPY position.

c  Hedge Ratio for the Interest Rate  position calculated simultaneously with the EUR position.

d  Hedge Ratio for the Interest Rate  position calculated simultaneously with the CHF position.


With respect to the size of the hedge ratios, the descriptive statistics in Table 7 show that the reduction is quite small when the hedge ratios are estimated with the simultaneous hedging strategy. It is worth mentioning that the negative sign in the interest rate hedge ratios means that the Bank should enter into a short position of future contracts in order to implement the hedging strategy.
Conversely, the results from Mun and Morgan (2003) and Gagnon et al. (1998) show important reductions in the number of the contracts when a simultaneous hedging strategy is implemented. For instance, in Gagnon et al. (1998), the value of the OHR when portfolio effects are taken into account is on average 0,45, while the average without portfolio effects is 0,90. Likewise, Mun and Morgan (2003) found that simultaneous hedge ratios are lower than separate hedge ratios and stated that “separate hedge ratios overstate the optimum magnitude for risk minimization for banks that engage in both loan extensions and foreign exchanges operations, implying that the separate hedging strategy “overhedges” as compared to the simultaneous hedging strategy”.

Even though the results in Gagnon et al. (1998) and Mun and Morgan (2003) with respect to the number of contracts required to hedge a position would be of interest for risk managers, since this would reduce the bank’s costs to implement a hedging strategy, the important issue that must be analyzed is the benefit provided by the hedging strategy in terms of its ability to actually reduce risk.
6.3 Performance Evaluation
Before analyzing the performance of the hedging strategies from a portfolio perspective, we want to assess its results in terms of variance reduction for each of the bank’s position in the spot and futures market. Thus, we compute the weekly conditional variance reduction when the simultaneous and separate approaches are implemented and evaluate what is the reduction in the conditional variance in comparison to the unhedged position as an average for the whole sample period. Our goal with this analysis is to evaluate individually the effects of the specific correlations between the interest rate position and each one of the four currency positions. Table 8 summarizes the results from this analysis. 
Regarding the currency exposures, Table 8 shows that for the position in USD and JPY the simultaneous hedging strategy results in a higher conditional variance reduction, while for the EUR and CHF the bank will achieve a higher variance reduction if it implements a separate hedging strategy. This could be explained by the level of unconditional correlation between the positions. For instance, from Table 5 we notice that the unconditional correlation between the position in the interest rate and the position in the USD in both the spot and futures market is almost as twice as the unconditional correlation between the position in the interest rate and the position in the CHF.
[image: image63.wmf]Table 8 Variance Reduction of hedging strategies in comparison to Unhedge Portfolio

Position

Separate

Simultaneous

Δ

GBP/USD

-94,00%

-94,22%

0,24%

GBP/JPY

-78,99%

-79,25%

0,54%

GBP/EUR

-95,81%

-95,59%

-0,22%

GBP/CHF

-93,96%

-93,40%

-1,21%

RL_RD

a

-7,33%

-6,10%

-16,76%

RL_RD

b

-7,33%

-3,86%

-47,36%

RL_RD

c

-7,33%

-4,55%

-37,95%

RL_RD

d

-7,33%

-5,05%

-31,14%

a  Hedge Ratio for the Interest Rate  position calculated simultaneously with the USD position.

b  Hedge Ratio for the Interest Rate  position calculated simultaneously with the JPY position.

c  Hedge Ratio for the Interest Rate  position calculated simultaneously with the EUR position.

d  Hedge Ratio for the Interest Rate  position calculated simultaneously with the CHF position.


In the case of the interest rate exposure, in all the combinations there is a quite high reduction in the conditional variance compared to the reductions seen in the currencies’ exposure, especially when the interest rate risk is hedged simultaneously with the JPY and EUR. The difference in the magnitude of the variance reduction between the two markets could be explained by the characteristics of the cross-market volatility spillover effects. As highlighted by Poshakwale and Perez (2008), “a good understanding of the characteristics, direction, and magnitude of volatility transmission and information flow between the markets is critical for risk management”. 
According to the results, there are bi-directional spillover effects between the markets, since the hedging strategies provide conditional variance reduction for the interest rate position as well as for the currency position. It seems plausible to affirm that the magnitude of the linkage between the interest rate and foreign exchange markets is higher in the interest rate to foreign exchange direction. Furthermore, it might be stated that, among the four currency positions, the JPY is the one with higher spillover effects. As demonstrated above, the analysis of the features of the volatility transmission between the markets is fundamental when structuring the hedging strategies.
As described in the methodology section, with the optimal hedge ratios obtained from the simultaneous and separate approaches, we hedge the exposition of the bank in the interest rate and foreign exchange markets. Thus, we built hedged portfolios consisting of the spot positions in the interest rate and foreign exchange markets and the futures positions in the corresponding futures market. Now, in order to evaluate the effectiveness of the hedging strategies, we assess the performance of the hedged portfolios within the mean-variance framework. Table 9 displays the outcome in terms of return and risk for the different position held by the bank. 

[image: image64.wmf]Table 9 Performance Evaluation for the Hedged Portfolios

GBP/USD

GBP/JPY

Separate

Simultaneous

Δ

Separate

Simultaneous

Δ

Return

1,047%

1,046%

-0,10%

1,111%

1,111%

0,06%

Variance

0,0141%

0,0122%

-13,51%

0,0257%

0,0249%

-3,02%

Std Deviation

1,1859%

1,1029%

-7,00%

1,6018%

1,5774%

-1,52%

GBP/EUR

GBP/CHF

Separate

Simultaneous

Δ

Separate

Simultaneous

Δ

Return

0,971%

0,970%

-0,13%

1,099%

1,099%

-0,04%

Variance

0,0117%

0,0116%

-1,01%

0,0139%

0,0147%

5,50%

Std Deviation

1,0825%

1,0770%

-0,51%

1,1793%

1,2113%

2,71%

*Each of the four portfolios labeled with the currency position includes the position in the 

interest rate market as well. Thus each portolio corresponds to the bank's position in the credit 

market and foreign exchange market


As indicated in Table 9, in terms of expected returns the hedging strategies do not present significant differences, even though the separate strategy has slightly better results in three out of the four portfolios. On average, there is a decrease of 0.05% in the expected returns when the simultaneous hedge is implemented.
These results differ from the ones obtained in previous studies, essentially, in terms of the magnitude of the increase in the expected return. In Mun and Morgan (2003), the simultaneous hedging strategy strongly outperforms the separate strategy, as it increases the expected return on the hedged portfolio by an average of 10%. Similarly, Gagnon et al. (1998) found that implementing a hedging strategy that includes the portfolio effects (simultaneous hedging strategy) will yield a return almost three times higher than that obtained with a strategy that does not take into account the portfolio effects (a separate hedging strategy).
When we analyze the performance of the hedging strategies in terms of conditional variance, we observe that the simultaneous strategy outperforms the separate strategy in all the cases except for the CHF portfolio. The USD-Interest rate portfolio is the case with the highest conditional variance reduction when the simultaneous hedge is implemented instead of the separate hedge (13.51%). For the other portfolios, the average of the reduction when the simultaneous strategy is applied is just 2%. These results reveal that the performance of the hedging strategies that take into account correlations among the spot and futures positions is more efficient in terms of risk reduction than that of the strategy that disregards the links between the markets.
The results in this study are in line with those obtained by Mun and Morgan (2003), since they found conditional variance reductions for all the portfolios when the simultaneous strategy is implemented. On average, the amount of conditional variance reduction in their study for the different exposures is 18%. In the case of Gagnon et al. (1998), the results regarding the variance are somehow different. They found that “models which account for portfolio effects are not necessarily more efficient at minimizing risk than those which ignored these effects”. In fact, they pointed out that the higher risk obtained when the simultaneous strategy is implemented is rewarded by a higher return than the one obtained with a separate hedging strategy. It is important to stress that the effectiveness analysis in Gagnon et al. (1998) is performed under two approaches: utility-maximization and risk minimization. Hence, their conclusion is that “although the portfolio approach was not always superior to the no-portfolio-effects strategy when our goal was to minimize variance, the portfolio approach was always the dominant strategy when we seek to maximize utility”.
The results in this study show that a bank that implements a strategy to hedge simultaneously a portfolio exposed to interest rate and foreign exchange risks in the UK market gets less variance than when the bank implements a separate hedging strategy.  This provides evidence of the importance of taking into account the correlations between the positions in the interest rates and foreign exchange markets when estimating the optimal hedge ratios, since the linkages between the markets create portfolio effects that, when incorporated in the hedging strategy, provide better outcomes.
CHAPTER 7 CONCLUDING REMARKS
This thesis examines the implications of simultaneous and separate hedging strategies that use futures contracts for a British bank with exposures to interest rate and foreign exchange risks in the UK market. It is worthwhile to mention that, to the best of our knowledge, no previous studies on this subject have been conducted in this market. We use the Diagonal BEKK model, which is a multivariate GARCH model, to estimate dynamic hedge ratios that address time-varying variances and covariances between the positions in the markets that are being hedged. The effectiveness of the hedging strategies is assessed in terms of expected returns and conditional variance reductions under the mean-variance framework.
The empirical results show that the optimal hedge ratios obtained under the simultaneous hedging strategy are less volatile than those obtained under the separate strategy. This could be an attractive fact for risk managers who should be interested in hedging strategies that are not only more efficient in terms of risk reduction, but also in terms of costs. Thus, the simultaneous hedging strategy is an attractive one since the transaction costs of implementing a hedging strategy with futures contracts will be lower as the volatility in the number of the contracts required is lower than that of the separate strategy.
Regarding the effectiveness of the hedging strategies, we found that the simultaneous hedging strategy provides greater conditional variance reduction than the separate strategy. This result highlights the importance for a bank risk manager, who wants to hedge his exposure in the interest rate and foreign exchange markets, of taking into account the correlations between the positions in these two markets when designing its hedging strategy. Nevertheless, the hedging model implemented in this study might be suitable for all type of participants in the financial markets that want to apply a hedging strategy with futures contracts in order to reduce their exposure to different type of market risks. 
The fact that simultaneous hedging strategies, where the correlation between positions in different markets are taken into account to estimate the optimal hedge ratios, have not been extensively researched, makes the results in this study interesting for the risk management field. Both practitioners and academics should conduct further research on this subject in order to prove its suitability in other markets and other type of assets. It is important that the risk management field develop at the same pace at which financial products do, and deals with the increasing interrelationship among the financial markets. That is why state-of-the-art hedging strategies should be designed to improve the efficiency in risk management. In this sense, the implementation of MGARCH models to deal with conditional variances and empirical models that allow establishing the effects of covariances between markets, such as the one used in this thesis, are valuable for the risk management discipline.
Further research might include transaction costs to establish precisely the effectiveness of the strategies. However, since the simultaneous and separate strategy are both dynamic, implying frequent adjustment of the number of contracts required to hedge the positions, we think that transaction costs do not play a relevant role. This could be different if we were comparing a dynamic strategy with one where the hedge ratio is constant. Nonetheless, several studies have provided evidence that dynamic hedge ratios outperform constant hedge ratios.
Another area of study that can provide a better overview of the relationship among markets in order to design a more effective hedging strategy is the one related to market linkages or volatility transmission between markets. Even though there have been several studies that assess this linkages, this studies have not been aimed at estimating optimal hedge ratios. Through the implementations of econometric models such as the MGARCH models it is possible to establish whether the markets are linked and the magnitude and direction of the linkage. As highlighted by Li and Majerowska (2008), “apart from allowing for time-varying variances and covariances GARCH models can examine the cross-market volatility spillover effects and the asymmetric responses”. Therefore, through the implementation of these models, the risk managers will be able to “capture return linkage and transmission of shocks and volatility from one market to another” and therefore assess the characteristics of the portfolio effects derived from the different assets in the portfolio and estimate more efficient optimal hedge ratios. 

Further research could also focus on the performance evaluation of the hedging strategies. Most of the studies about optimal hedge ratios limit the efficiency evaluation to the mean-variance framework. As stated by Cotter and Hanly (2005) a “key issue not extensively explored in the literature is whether the estimates of hedging effectiveness of optimal hedging strategies for many applied models would change if performance criteria other than variance were to be applied”. To the best of my knowledge, the simultaneously hedging strategy has been only evaluated within a mean-variance framework. Therefore, it would be interesting to establish if the benefits of this hedging strategy hold when other performance metrics are applied such as: Value at Risk (VaR) which is the main risk metric implemented by banks and regulators since its adoption in the Basel Accords; Conditional Value at Risk (CVaR) since this metric provides a solution for some of the shortcomings present in the VaR; and the Low Partial Moments (LPM) approach that focuses on the downside risk.
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 APPENDIX 1: UNCONDITIONAL CORRELATOIN MATRIX
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APPENDIX 2: PORTMANTEAU AUTOCORRELATIONS TEST
· Squared Residuals Separate Hedging 
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According to Brooks (2008), a given autocorrelation coefficient is classified as significant if it is outside a (+-) 1.96 x 1/ (T)1/2. Thus, in this model the limit of the band is 0.084, as T=540.
Squared Residuals Simultaneous Hedging 
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According to Brooks (2008), a given autocorrelation coefficient is classified as significant if it is outside a (+-) 1.96 x 1/ (T)1/2. Thus, in this model the limit of the band is 0.084, as T=540.









� Brooks (2008) defines the hedge ratio as the ratio of the number of units of the futures asset purchased relative to the number of units of the spot asset, and the optimal hedge ratio as the hedge ratio that minimizes the variance of the value of the hedge position. In this study, the hedge position is the value of the portfolio containing the spot and futures position.


� Nowadays, this strategy is known as Naïve hedge and defines the optimal hedge ratio as the amount of the futures position divided by the amount of the spot position.


� Ederington (1979) defines the “Basis” as the difference between the futures and the spot prices. 


   ((P2f - P 2s) – (P1f - P1s)) or ((P2s - P1s) – (P2f – P1f)) 


� Rpt = α + βrft + ϵt , where Rpt and rft  are the spot and futures returns for period t and the Ordinary Least Squared (OLS) estimator of β provides an estimate for the minimum variance hedge ratio.


� Engle (2001) defines heteroskedasticity as a phenomenon present in data in which the variances of the error terms may reasonably be expected to be larger for some points or ranges of the data than others.


� The term conditional implies explicit dependence on a past sequence of observations. The term unconditional is more concerned with long-term behavior of a time series and assumes no explicit knowledge of the past. � HYPERLINK "http://radio.feld.cvut.cz/Docs4Soft/matlab/toolbox/garch/chap1_3a.html" ��http://radio.feld.cvut.cz/Docs4Soft/matlab/toolbox/garch/chap1_3a.html�


� Brooks (2008) defines volatility clustering as the tendency of large changes in asset prices (of either sign) to follow large changes and small changes (of either sign) to follow small changes.


� Chen et al (2003)


� Multivariate GARCH models are in spirit very similar to their univariate counterparts, except that the former also specify equations for how the covariances move over time. Brooks (2008).


� In situations where the spot position consists of two or more assets and in which futures contracts exist for each of these assets, any covariance between futures will give to rise to portfolio effects. Gagnon et al (1998). 





� The BEEK model proposed a different parameterization of the multivariate ARCH process that ensures that the variance-covariance matrix is always positive definite due to the quadratic nature of the terms on the equation’s RHS. Brooks (2008).


� The VECH model developed by Bollerslev, Engle and Wooldridge (1988) is known as the most straightforward multivariate extension of the GARCH model.


� Brooks (2008) defines positive definite correlations matrix as a property that ensures that, whatever the weight of each series in the portfolio, the estimated portfolio variance is always positive.





� Interest rate risk is, in general, the potential for changes in rates to reduce a bank’s earnings or value. As financial intermediaries, banks encounter interest rate risk in several ways. The primary and most often discussed source of interest rate risk stems from timing differences in the repricing of bank assets, liabilities, and off-balance-sheet instruments. These repricing mismatches are fundamental to the business of banking and generally occur from either borrowing short term to fund long-term assets or borrowing long term to fund short-term assets. Wright and Houth (1996)


� The most common source of Foreign exchange risk arises when banks possess holdings of assets (or liabilities) with net payment streams denominated in a foreign currency. Foreign exchange rate fluctuations alter the domestic currency values of such assets. FRBSF (1996) 


� CIRP implies that if financial markets are efficient, it should not be possible to make riskless profit by borrowing at a risk free rate of interest in a domestic currency, switching the funds borrowed into another (foreign) currency, investing them there at a risk free rate and locking in a forward sale to guarantee the rate of exchange back to the domestic currency. Brooks (2008) 


� The martingale assumption in the futures prices states that the expectation of a subsequent futures price will always equal today’s future price. E(Ft+1) = Ft. Thus, a position consisting of holdings of futures contracts should never produce a non-zero expected profit. 


� The Minimum Variance (MV) hedge ratio is expressed as Cov (Rs, Rf) / Var (Rf) where Rs and Rf  are the one period returns on the spot and futures positions. As explained by Chen et al. (2003) the “MV hedge ratio is not consistent with the mean-variance framework since it ignores the expected return on the hedge portfolio. For the MV variance hedge ratio to be consistent with the mean-variance framework, either the investors need to be infinitively risk averse or the expected returns on the futures contracts needs to be zero”.


� Brooks (2008) defines a spurious regression as a regression model that looks good under standard measures (significant coefficient estimates and R2), but which is really valueless due to the use of non-stationary data.  
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L

Fixed amount of long-term loans provided by the bank at the start of period 1. Expressed in GBP

C

Investments in foreing currecy assets at the start of period 1. Expressed in foreing currency units

S, ST

Spot

foreing

exchange

rate

at

the

start

of

the

period

1

and

at

the

end

of

period

2.

Expressed

in

units

of

GBP

per unit of foreign currency

D

Amount of deposits received by the bank from costumers

R

L

Interest rate charged by the bank on the loans provided to its costumers

R

D

Interest rate paid by the bank on the deposits received from its costumers

R*

Foreing interest rate earned by the bank on its investments overseas

f, fT

Rate for interest rate futures contracts at the start of period 1 and at the end of period 2

F, FT

Rate for currency futures contracts at the start of period 1 and at the end of period 2

Nf

Amount of interest rates futures contracts entered by the bank at the start of period 1

NF

Amount of currency rates futures contracts entered by the bank at the start of period 1

