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Chapter 1 - Introduction
1.1
Introduction

If you have money which you do not need for your routine living expenses, a savings account is a safe way to keep it. If you are willing to take risks, you can think about investing your money. Investments are usually made in assets such as stocks, bonds, real estate, and mutual funds. While these types of assets carry more risk than savings accounts, they offer the potential to earn more in the long run.

Mutual funds pool your money with the money of many other people. Instead of buying just a few assets, a professional fund manager purchases many stocks, bonds, or other investment vehicles. This diversifies your investment so that you don't have “all of your eggs in one basket”. Professional management, diversification, and the opportunity to invest even small amounts of money are some of the benefits of mutual funds.

Stocks give you ownership in part of a company. In general, if the company does well, the value of the stock rises and you may receive some of the profit in the form of a dividend. Of course, if the company doesn't do well, the value of the stock goes down. Stocks can be risky. They can also be affected by outside factors, such as political and market events, that have nothing to do with the company's performance. Over time – ‘time’ being the most important factor – many stocks do increase in value. To lower risk it is a good idea to have stock in more than one company. It is also a good idea to have stock in different industries (another way of diversifying your investments) and to hold stocks for long periods of time.

Treasury securities include federal government bills, notes and bonds. Interest payments are guaranteed and the principal is safe as long as you hold the security to maturity (the time at which the government agrees to pay back the principal). However, if you sell the security before maturity, you risk losing some of the principal if interest rates have risen. Bonds are issued by companies and the government. When you buy a bond, you are lending money to the issuer. The bond is a legal promise to pay you interest for the use of your money and to repay you the original amount you paid for the bond (the principal). There are various types of risk associated with bonds. Some examples of those types of risk are: interest rate risk, default risk, exchange rate risk.

All types of investments carry more risk than savings accounts, and this is also true for investing your money in bonds. When you invest your money you know that there are many risks involved. When you buy a bond you will be exposed to all different types of risk that an investor in fixed income securities is exposed to. Some of those risks you accept and other risks you wouldn’t like to take.

We insure many things in our lives and it might be smart to insure your investments to a level of risk you are willing to take. It is possible to protect or insure yourself against some risks involved. Such a protection can be seen as insurance. For example, when people buy stocks in another continent carrying a different currency they are exposed to exchange rate risk. Let’s assume you live in a country that uses the Euro. If the stock is traded in dollars, you have to buy dollars and buy stocks with those dollars. When you sell the stocks with profit, you would like to convert those dollars back to Euros. If the exchange rate changed it is possible that you bought the right stocks but ended up with less ‘Euros’ because of the change in exchange rate. It is possible to reduce this risk by buying exchange rate futures. With a future you will lock an exchange rate in advance and this way you will take away the exchange rate risk.


The same is possible for other risks. Portfolio managers might have a clear view on which bonds to buy and which bonds to sell. But they might not have a good idea to what the interest rates will do and they are willing reduce that specific risk.

As we said, there are various types of risks involved when you buy bonds. In this thesis we will look at a specific risk involved with bonds, we will look at the interest rate risk of bonds. In the coming chapters we will explain what bonds are, what kind of different bonds there are and what risks are associated with them. We will also explain why we would like to reduce some of those risks and how we can do this.

Several months ago, a study has been done to examine the interest rate risk of corporate bonds [1]. In this study the researchers tried to determine the interest rate risk of corporate bonds. Several relations between interest rate changes and the price of corporate bonds were found. Knowing those relations is important for two reasons; the first reason is to know the interest rate risk that you are taking and the second reason is that if you know the risks you are taking you can take counter measures to reduce those risks. A counter measure could be buying securities that react in the exact opposite way to interest rate chances than bonds do. This will reduce the interest rate risk. In finance, a hedge is an investment that is taken out specifically to reduce or cancel out the risk in another investment. Hedging is a strategy designed to minimize exposure to an unwanted risk, in this case interest rate risk, while still allowing to profit from an investment activity [4].
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Table 1.1 Visualisation of data.


Bond data from 1988 till 2004, a total of 190 months was available for this research with a total of 25,000 bonds (Table 1.1). The available variables are: the price of the bond (P), the total return (TR), the spread (OAS), the duration (OAD), the maturity date, the yield (y), yield to worst (ytw), sector and the rating of the bond. As we use a lot of abbreviations in finance, a list of abbreviations is given at the end of this thesis.

Maturity date is the date on which a dept becomes due for payment [5]. Spread level is the extra yield a bond gives above a government bond with the same maturity date. A larger OAS implies a greater return for greater risks [6].
For one of the models the bonds were divided into maturity/spread buckets in the following way.  This specific model contained the highest R-squared of all created models.

	
	
	Spread level (basis points)

	
	
	0 - 50
	50 - 100
	100 - 150
	150 - 250
	250 - 400
	400+

	Maturity (years)
	0 – 3
	1
	2
	3
	4
	5
	6

	
	3 – 5
	7
	8
	9
	10
	11
	12

	
	5 – 7
	13
	14
	15
	16
	17
	18

	
	7 – 10
	19
	20
	21
	22
	23
	24

	
	10+
	25
	26
	27
	28
	29
	30


Table 1.2: Maturity/Spread buckets.

This model divided the bonds in 30 buckets (Table 1.2). The researchers calculated the hedge ratio for those buckets for one specific period in time. We would like to take a closer look at those results over time which means we will run this model for all adjacent time frames from September 1988 till July 2004.
1.2 Goal
The aim of this thesis is quite similar to the previously described study [1]. The aim is to take a closer look at the ‘hedge ratio’ in a certain group and follow this over time. The method is by developing a statistical model, use historical data to train the model and finally to investigate the stability of the model and study the outcomes. We will use the developed model to calculate the hedge ratio of one bucket for several periods instead of one period in history and we try to find out how the calculated hedge ratio behaves over time.
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	Time Frame 60

	-
	-
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	………..
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	-
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Table 1.3 Visual representation of time frames.

The researchers calculated the hedge ratio for the period September 1994 – August 1999. We would like to use all periods of 5 years starting from October 1988 – September 1993, the next analysis contains November 1988 – October 1993 and so on until August - 1999 – July 2004.

In this thesis we are going to look at one specific group (Table 1.2), group 1. This group contains all bonds with a maturity of 0-3 years and a spread of 0-50 basis points. We chose for this group (cluster) because the outcomes were reliable in this bucket. Most buckets with a spread till 150 had reliable outcomes for the hedge ratio in the Research of Berber de Backer [1]. We are going to follow this group over time (Table 1.3). We have data of 190 months; the length of the period is 60 months. We calculated 131 hedge ratios.
1.3
Research Questions

As mentioned, the aim is to take a closer look at the ‘hedge ratio’ and follow this over time. The method is by developing a model and then use this model to calculate the hedge ratio for several time frames in history. The result depends on the bond data used, which will be different for any chosen fixed bucket.

This thesis focuses on the following questions:

1. How stable is the hedge ratio over time?

2. Is there a constant increasing or decreasing motion in the hedge ratio over time?

If the relationship (hedge ratio) between bond-prices and interest rate changes can change over time, and we would like to investigate how stable this relationship is and whether or not we can find an explanation why it moves in a certain direction. It is often assumed that a trained regression model at a certain point in time with a high R-squared can be used to predict the near future. We would like to investigate how often we should update the found variables and whether or not there is a constant increasing or decreasing motion in the found hedge ratio.

The outline of this thesis is as follows. The thesis can be divided into four parts. The first part gives an introduction to bonds. The second part describes the used model to calculate the hedge ratio. The third part describes the experimental setup and we will point out what data is used. The last part shows the results and addresses the conclusions that can be drawn from these results and future research topics.

Chapter 2 - Corporate Bonds
2.1
Introduction to bonds

A bond is a certificate of debt. There are government bonds and corporate bonds. In this thesis we will concentrate on corporate bonds. When you buy a bond, you are lending money to the government or to a corporate, respectively. The party that borrows the amount of money is called the issuer. In return for the loan the issuer will pay a specified rate of interest (the coupon rate) during the life of the bond, and a specified amount (the principal or the par value) at a specific time in the future, the maturity date.

Corporate bonds are part of a class of bonds that are called credits. Credits are by definition all bonds that are not issued by the government in the home currency.

A key feature of any bond is its term-to-maturity, the number of years during which the borrower has promised to meet the conditions of the debt (which are contained in the bond’s indenture). A bond’s term-to-maturity is the date on which the debt will cease and the borrower will redeem the issue by paying the face value, or principal. In practice, the words maturity, term, and term-to-maturity are used interchangeably to refer to the number of years remaining in the life of a bond. Technically, however, maturity denotes the date the bond will be redeemed, and either term or term-to-maturity denotes the number of years until that date.
A bond’s coupon is the periodic interest payment made to owners during the life of the bond. The coupon is always cited, along with the maturity, in any quotation of a bond’s price.


Let’s assume the interest rate is 5%. If you have 100 and put this on a bank account, this will be worth 105 after one year. Let’s assume there is a bond with a par-value of 100, a coupon of 5% and a term-to maturity of one year. The price of this bond should be exactly 100, because you are indifferent in putting your money on a savings account or buying that bond for 100.
The price of a financial instrument is equal to the present value of the expected future value. Therefore, when the coupon rate, the principal and the time to maturity are known, it is possible to compute the price of the bond. The cash flows are the periodic interest payments to the maturity date and the par value that will be received at maturity. 

The yield (or internal rate of return) of a bond is the percentage return on an investment at an annual rate. The higher the yield, the lower the price of the bond will be. There exists a convex relationship between the required yield and the bond price [2, page 91].
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Figure 2.1: Convex relationship between yield and bond price


Now we are able to write the price of a bond as follows. Let P =
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where 
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Using (1.1) we are able to compute the price of a bond when we know the cash flows and the required yield.

The required yield is an important factor for the price of a bond. When the required yield goes up, the price of a bond goes down (Figure 2.1). For a corporate bond it is possible that the required yield is high. This might be true because there is an increased chance this company goes bankrupt and will not be able to meet the conditions of the dept. Therefore the buyers are requiring a higher yield and the price of the bond will drop.

2.2
Risks and interest rate risk of bonds

There are many risks associated with investing in fixed income securities. The different types of risk that an investor in fixed income securities is exposed to are as follows [2, page 18]:

· Market or interest-rate risk.
· Reinvestment risk.
· Timing, or call, risk.
· Credit, or default, risk.
· Yield-curve, or maturity, risk.
· Inflation, or purchasing power, risk.
· Marketability, or liquidity, risk.
· Exchange rate, or currency, risk.
· Volatility risk.
· Political or legal, risk.
· Event risk.
· Sector risk.
This list gives a good idea of the risks an investor in fixed income securities is exposed to. We are going to take a closer look at the market or interest-rate risk. There is a relationship between the interest rate and the price of a bond. The price of a typical fixed income security moves in the opposite direction of the change in interest rates. As interest rates rise (fall), the price of a fixed income security will fall (rise). To see that this holds true, suppose you have a bond; it will have a certain coupon interest. When the government bond yield rises, it becomes less attractive to buy this bond because in this new situation you can purchase other bonds with higher coupon rates. Therefore, the price of the bond will decline.
For an investor who plans to hold a fixed income security to maturity, the change in its price before maturity is not of concern; however, for an investor who may have to sell the fixed income security before maturity date, an increase in interest rates will mean the realization of a capital loss. The risk is referred to as market risk, or interest-rate risk, which is by far the biggest risk faced by an investor in the fixed income market [2].

Because there is a relationship between the interest rate and the price of a bond there is a risk involved when you have bonds. If interest rates change, the value of the bonds you have will change, so you could make losses or profit when this happens. It is possible to protect yourself against those unwanted losses or profits. This is called hedging. Hedging is a strategy designed to minimize exposure to an unwanted risk, in this case interest rate risk, while still allowing to profit from an investment activity [4].
A characteristic of the interest rate risk is that the interest rate risk rises with maturity. This can be explained using the definition of duration. When the maturity is greater, the duration will also be greater, and by definition this means that there will be larger changes in price for the same change in government bond yield. So there is a higher interest rate risk.
A corporate bond also is exposed to the interest rate risk. The important difference between government bonds and corporate bonds is the fact that a corporate has an extra source of risk: credit risk. Credit risk is the risk that an issuer will be unable to make interest or principal payments when they are due; this is called default. A firm could go bankrupt; in such a case the bond holder will not get back the invested amount of money. 

Because of this extra risk the (required) yields for corporate bonds will be higher than they are for government bonds. So, the yield for a corporate consists of the government bond yield plus an additional interest, which is called the (credit)spread. Besides the probability of default, the credit spread also depends on a second factor, this is the recovery rate. Usually you can get a certain percentage of the par value back in case of default; this is the recovery rate.


The result is a higher yield for corporate bonds compared to government bond. The yield will be larger because of the larger risk that you are exposed to.

The probability that a firm will default is hard to measure. It’s a very important factor for investors in bonds because this probability influences the price of a bond. Because of this, we would like to have a credit rating for a company. The probability that a firm will default can is expressed by the rating of the firm. The ratings are determined by rating agencies, the most important agencies are Moody’s and Standard&Poor’s. Firms can be separated into two categories: investment grade and high yield. Investment grade firms are very creditworthy and have ratings AAA (Aaa), AA (Aa), A or BBB (Baa) for S&P (Moody’s). High yield firms are less creditworthy (and therefore investing in high yield bonds means that you also take a higher risk) and have ratings BB (Ba), B, CCC (Caa), CC (Ca) and C. A rating of D means default. The lower the rating the bigger the bigger the chance a firm will default. 

There exists an important link between the government bond yield and the spread: there exists a negative correlation between government bond yields and credit spreads. This means that when government bond yield rises, the spread tends to fall and when the government bond yield declines, the spread tends to rise. 

An explanation for this fact can be given as follows. When a country is going into economic decline then the following situation may occur:

1. The government bond yield will be low.

2. The spread will be high: in poor times the credit risk will be higher (the probability that a firm will default is higher), so to still buy corporate bonds a higher yield will be ‘demanded’ to compensate. So the spread will be higher.
Putting these two interest rates together we can see that a lower government bond yield will be (partly) compensated by a higher spread, making the net change in yield for a corporate smaller. The opposite also holds: when the economy recovers, the government bond yield will rise, but the spreads are likely to fall at the same time. 

For government bonds we have already seen that when the government bond yield rises, the prices of bonds will fall. Now in the case of corporate bonds the situation will be different. Because of the above effect, when the government bond yield rises, the net change in yield for a corporate bond will be smaller. Therefore, the change in price will also be smaller.

From this point on we will use the following notation: by interest rate duration we mean the price sensitivity of the bond to changes in the government bond yield.


Now immediately we can see the effect the above will have on interest rate duration: the duration for government bonds will be larger than for corporate bonds. 


A distinction can be made between investment grade bonds and high yield bonds. Because investment grade bonds are bonds issued by (very) creditworthy firms they will have a very low spread. When the government bond yield rises, the change in spread will be very small and so the net change in yield will be nearly equal to the change in government bond yield, and so the interest rate duration of investment grade bonds will also be almost equal to the interest rate duration for government bonds.


Now we turn to high yield bonds. The lower the rating of a firm, the higher the spread will be. Further, empirical observations have showed the following: the higher the spread, the larger the change in spread (in opposite direction) as the government bond yield changes. 

We can also put this in terms of interest rate duration. The interest rate duration is negatively correlated with the spread. The lower the rating, the higher the spread, and the lower the interest rate duration tends to be. The change in spread may even compensate the government bond yield completely, in which case the interest rate duration will be equal to zero. So for high yield bonds the interest rate risk gets smaller and smaller when the spread gets higher. This means that a change in government bond yield is less important for high yield bonds and the credit risk is larger. 

There can be given an explanation to show why this negative correlation holds true. Consider an extreme case, suppose you expect a firm to go bankrupt in a few years. If you would decide to buy this bond, you know (expect) that you will not receive all the coupon payments and the par value. With this in mind, it seems likely that you are not willing to pay the ‘theoretical’ price of the bond, but instead you will demand a lower price (that will depend on the recovery rate), which will be independent of the maturity date (so all the bonds of this firm will have the same price, irrespective of the maturity). From this price you can calculate the yield, which will be high, and so the spread will be high (with this high yield you will earn your investment back faster). Now the government bond yield may fall, but considering the above, this will not have an impact on the price because you are just not willing to pay more for such a bond. So the government bond yield has no (or little) influence anymore; the credit risk has determined its price. 


Also in less extreme cases the probability of default (and the recovery rate) is taken into consideration; the bond’s price is affected by this, and the influence of the government bond yield declines. 

We know that a firm with low rating will have a high spread. Should we measure the credit risk of a firm according to the rating or to the spread? Research by Robeco has shown that it is better to take the spread as measure. This is because the spread gives a better impression of the creditworthiness of a firm than the rating. For example, consider a firm with a certain rating that has shown good performance for considerable time. Then it is likely that the spread has decreased, because the risk has reduced. However, it may well be possible that the rating of this firm is still the same. This makes clear that the spread is a better measure for the risk. Furthermore there are 41 different rating categories and there are more spread levels. Because the spread has more values it is a more accurate measure. In practice the spread can change on a daily basis where the rating only changes periodically. The rating is known to persons (traders) who trade in bonds. This information is also taken into account determining the price of a bond which strengthens the research that the spread is a better measure.

2.3
Modified duration

We would like to have a measure than can be used to quantify the price sensitivity of a bond. Such a measure should take into account all factors that affect the price volatility. Characteristics that determine the price volatility of a bond are the time to maturity, the yield, the coupon rate and the yield volatility. Duration is a measure that takes these factors into consideration.

First we will explain another (closely related) measure, the Macaulay Duration. The Macaulay Duration is defined as a weighted average time to maturity of the bond’s cash flows, with weights equal to the present value of each cash flow as a percentage of the present value of all the cash flows of the bond (so, as a percentage of the price of the bond). We can write:

Macaulay Duration (in periods)

=




      (1.2)
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Since we know that the present value of the total cash flow of the bond, PVTCF, is equal to the price of the bond, we can write formula (1.2) as

Macaulay Duration (in periods) =
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CFi = cash flow i
Properties of the Macaulay Duration are

1. The Macaulay Duration is always less than its maturity (except for a zero coupon bond, in which case it is equal to the time to maturity). 

2. The greater the maturity, the greater the duration.

3. The lower the coupon, the greater the duration.

4. The greater the yield, the lower the duration.

Now the Modified Duration is the measure defined by

Modified Duration = 
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where y is the yield to maturity. 

From these definitions we can see that the Modified Duration is determined by:

1. The time to maturity: the longer the time to maturity, the higher the duration.   

(Therefore, when you expect interest rates to fall (increase), you should hold bonds with long (short) maturities)

2. The coupon rate: The lower the coupon rate, the higher the duration.

3. The yield: the higher the yield, the lower the duration.

Now the link between bond price volatility and duration is as follows:

Approximate percentage change in price =- Modified Duration * yield change          (1.4)
Often Modified Duration is referred to as the percentage of change in price per 100-basis-point change in yield. It is a measure of the price sensitivity to interest rate movements. The higher the duration, the higher the risk (because a change in market interest rate will have a larger impact on the bond’s price). 

To end this section, we will show that the following holds:
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where MD is the modified duration. 

From formula (1.1) for the bond price and from equations (1.2) and (1.3) it can be seen that the modified duration can be written as the following sum:
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Now we can take the partial derivative with respect to y in (1.1) and by using (1.6) this results in
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2.4
Approximation for the percentage change in bond price

In this section we will derive an approximation for the percentage change in bond price to get a better feeling of the used model used in our examination.

Let P = 
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We approximate 
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Substituting (1.9) in (1.8) results in 
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Now we will rewrite the terms 
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For the first term, we know that when the interest rate remains unchanged during the period between t = 0 and t = T, the bond price will increase by the amount of interest that is earned over the period, so the term
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For the second term, we take the partial derivative in (1.11) with respect to y:
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We can go one step further by using the fact that 
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, where MD is the modified duration. Then we have
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Now we are able to substitute (1.11) and (1.12) into (1.10) to arrive at
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Because we have periods of months, we have T = 
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Finally, using the approximation 
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The result obtained in (1.13) is an approximation for the percentage change in price of a bond.

2.5
Outline of the project

For bonds with different characteristics, different relationships exist with the interest rate. Therefore the bonds can be separated into different buckets (separated by certain characteristics) and the effect of interest rate changes for the chosen bucket can be measured. For this bucket a strong relationship can be found between the interest rate changes and the total return of corporate bonds. For another bucket a different relationship could be found. We will calculate the outcomes over time for one specific bucket.

There are existing models in which the interest rate risk is calculated. Because the interest rate risk is different for different types of bonds it is difficult to build an optimal model for all bonds without using buckets. We are going to rebuild an existing model and run it for several time frames. The following step is to analyze how the outcomes will change over time.
US Bond data from September 1988 till July 2004, a total of 190 months is available. All known variables are: the price of the bond, the total return, the spread, the duration, the maturity date, the yield, yield to worst, sector and the rating of the bond.
It is important to know the interest rate risk a bond carries because portfolio managers might want to minimize the interest rate risk of their portfolio. They might have expertise in the profits or losses they can make by buying specific bonds in specific sectors, but they might not want to be exposed to the interest rate risk. You could compare this with a person in Europe buying stocks in the U.S. If this person thinks to know which companies will do well but has no idea what the exchange rate between the euro and dollar will be, he might want to hedge his exchange rate risk with exchange rate futures.
Portfolio managers sometimes want to have a duration-neutral portfolio. They don’t want to take interest rate risk but they do want to take other risks. In order to reduce the interest rate risk they could use the Empirical Duration (variable for interest rate sensitivity) to hedge this risk. In practice the Empirical Duration is not equal to the real Duration (interest rate sensitivity). The real duration differs for different spread levels and maturity dates. The larger the OAS (Option Adjusted Spread) the greater the return will be for greater risks.

Because of the unpredictability of the interest rate risk the portfolio managers might want to hedge their portfolio against interest rate changes. For a portfolio manager it’s also important to reduce variance over the course of years. It is good to perform every year and this is preferred above a very good result one year and a bad result another year because of the interest rate influence. This is also a reason why they might want to hedge.
If we are able to hedge the interest rate risk then we could also decide not to hedge all interest rate risk, but only a fraction of it. Because a portfolio usually follows a benchmark, it’s possible to only hedge the interest rate risk of the difference between the positions in the benchmark and the portfolio.
When the interest rate risk of a corporate bond has been determined, it can be used for two purposes. The interest rate risk can be used for hedging purposes and also for risk measurement.


We can hedge against interest rate risk with futures on government bonds with have the same maturity of the bonds you would like to hedge. They have the duration of government interest. When the interest rate risk of a corporate bond is known, it can be used to hedge the interest rate risk of a portfolio that contains corporate bonds. This can be done by using the hedge ratio. In the current practice there is a difference between investment grade bonds and high yield bonds. Investment grade bonds are actually treated as government bonds, i.e. the modified duration for these bonds is assumed to be equal to the interest rate duration. For high yield bonds there was no hedge applied at all until recently. This means that it is assumed that there is no interest rate risk for these bonds. Currently this is not the case anymore; now half of the modified duration is used for hedging purposes.

The hedge ratio can be viewed as a measure of the importance of the interest rate risk. It can be used to determine the part of the analytical duration (OAD) that should be taken into account in hedging the risk. The analytical duration is the bond price sensitivity to changes in the total yield of the bond (instead of only the government bond yield) and it can be calculated from the present value of the cash flows of the bond. The hedge ratio takes values between zero and one. A hedge ratio of 1 means that you should take the full analytical duration (i.e., there is no credit risk, only interest rate risk), a hedge ratio of 0 means that you do not have to take any of the analytical duration into consideration, i.e., that the government bond yield has no influence (there is no interest rate risk). The hedge ratio can be calculated by dividing the empirical duration (interest rate duration) by the analytical duration.

In recent studies a significant relation between the hedge ratio and the spread level was found. The hedge ratio was high for low spread levels and low for high spread levels.

There are several models to calculate the hedge ratio, but we chose for a stable model described in the next chapter. This model gives a different hedge ratio for each bucket. We also chose this model because it gave the highest R-squared compared to other models which means that we can have confidence in the regression. This is important if you want to compare the outcomes of successive regressions. 
We are looking at the stability of this hedge ratio over time and analyze the motion of this hedge ratio in order to get a better feeling for the optimal update frequency of the hedge ratio. 
Chapter 3 – The Model and Data
3.1
The Model and Data
There are different ways to calculate a hedge ratio. There are different linear regression models that could be used. We chose a model from the study of Berber de Backer [1] with the highest R-squared for most buckets.
3.2
The Model

We will concentrate on the hedge ratio. We have established that for low ratings or low spread levels the hedge ratio will be high, meaning that the interest rate risk should be taken into account. In a recent Lehman research [3] they computed the hedge ratio directly by performing the following regression:
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The hedge ratio was given by
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where
TR = Total Return
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Because of the creation of maturity/spread buckets we use the following model estimate the hedge ratio in a different way. For a fixed bucket will have approximately a constant spread level for all months, so the final term in equation (3.1) may be omitted because it will be captured in the coefficient of the second term, 
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. So for a fixed bucket we will perform the regression given by
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      (3.3)

In this case the hedge ratio for a bucket will be equal to a constant, HR = -
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.
3.3
Data

We have used monthly US bond data for the period September 30, 1988 until July 31, 2004; this amounts to a total of 190 months (Table 3.1). The dataset contains bond data of 25,000 bonds for this period. All bonds existed for a certain period, which is noted with the p in Table 3.1.

	 
	3-10-1988
	1-11-1988
	1-12-1988
	1-12-1992
	4-1-1993
	1-2-1993
	1-4-2002
	1-5-2002
	1-4-2004
	3-5-2004
	1-6-2004
	1-7-2004
	2-8-2004

	bond1
	-
	-
	p
	p
	-
	-
	-
	-
	-
	-
	-
	-
	-

	bond2
	-
	-
	p
	p
	p
	p
	-
	-
	-
	-
	-
	-
	-

	bond3
	-
	-
	-
	-
	-
	-
	-
	p
	p
	-
	-
	-
	-

	bond4
	-
	-
	p
	p
	-
	-
	-
	-
	-
	-
	-
	-
	-

	..
	-
	-
	-
	-
	-
	-
	p
	p
	p
	p
	p
	p
	p

	bond25000
	-
	p
	p
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


Table 3.1 Visualisation of data.

The dataset will be divided into maturity/spread buckets shown in Table 3.2. First of all, for every date we calculated the corresponding government bond yield for every maturity available. We have not made the buckets using the rating of a bond, but instead we used the spread level and maturity date. We have done this for fixed spread buckets. As shown in Table 3.2 we divided the data in 30 maturity/spread buckets.

	
	
	Spread level (basis points)

	
	
	0 - 50
	50 - 100
	100 - 150
	150 - 250
	250 - 400
	400+

	Maturity (years)
	0 – 3
	1
	2
	3
	4
	5
	6

	
	3 – 5
	7
	8
	9
	10
	11
	12

	
	5 – 7
	13
	14
	15
	16
	17
	18

	
	7 – 10
	19
	20
	21
	22
	23
	24

	
	10+
	25
	26
	27
	28
	29
	30


Table 3.2: Maturity/Spread buckets.

For each month, every available bond is put in its corresponding maturity/spread bucket. Then for each bucket the market value weighted average of a number of properties will be calculated: the spread level, the total return, the excess return, the OAD, the government bond yield, the change in government bond yield and finally the yield to worst. We use the constraint that there should be at least 10 bonds present in the bucket, otherwise we neglect this bucket. Then we may consider each bucket in a specific month as a single observation. So, for each month we have at most 30 observations.

3.4
Experimental Setup
The first experiment will run the model for all buckets in one specific time frame.
In the second experiment we are going to take a closer look at one specific group (Table 3.2) over time, group 1, all bonds with a maturity of 0-3 years and a spread of 0-50 basis points. We will calculate a total of 131 hedge ratios (Table 3.3) which is the main experiment of this research.

	 
	From
	Till

	Analysis 1
	October-88
	September-93

	Analysis 2
	November-88
	October-93

	…….
	…….
	……..

	Analysis 130
	July-99
	June-04

	Analysis 131
	August-99
	July-04


Table 3.3: Time frames
First Experiment

We will start with regression (3.3) for every maturity/spread bucket separate, to obtain a constant hedge ratio for every bucket. Those results are equal to the results of the research of Berber [1].  The time frame used is Aug-94 – Jul-99. The length of one period is 60 months.

Second Experiment

We are going to perform the regression given in equation (3.1) for one specific spread/maturity bucket, group 1 (Table 3.2). We chose group one because the R-squared was high and this group contains enough bonds (data) for the entire period. We can also see that for low spread levels and a low maturity the hedge ratio may be approximated by a straight line in Figure 4.1. This is also a reason why we chose for Group 1.


We have data for 190 months, so we calculated the results of the first experiment for group one for 131 time frames. It took a lot of calculation but we performed all the calculations needed to calculate the following variables in Table 3.4 for all periods in Table 3.4: 

	R-squared

	Sigma^2

	Durbin Watson

	Number of Obligations in a bucket

	Coefficient 1

	Coefficient 2 (=-Hedge Ratio)

	Average OAS

	Average TR

	Average OAD

	Average deltaR

	Average Yield

	Average TRminusYo


Table 3.4: Calculated Variables in the Second Experiment
Chapter 4 - Results
4.1
Results

First Experiment 
The results are summarized in Table 3.5.

	maturity bucket
	Spread bucket
	Hedge Ratio
	R-squared (%)

	0 - 3
	0-50
	0.89
	0.82

	
	50-100
	0.88
	0.81

	
	100-150
	0.78
	0.61

	 
	150-250
	0.69
	0.33

	
	250-400
	0.25
	0.01

	 
	400+
	-0.79
	0.01

	 
	0-50
	0.86
	0.80

	 
	50-100
	0.88
	0.81

	3 - 5
	100-150
	0.80
	0.73

	 
	150-250
	0.67
	0.49

	 
	250-400
	0.35
	0.09

	 
	400+
	-0.27
	0.01

	 
	0-50
	0.90
	0.84

	 
	50-100
	0.86
	0.80

	5 – 7
	100-150
	0.82
	0.76

	 
	150-250
	0.67
	0.51

	 
	250-400
	0.37
	0.12

	 
	400+
	-0.19
	0.01

	 
	0-50
	0.92
	0.85

	 
	50-100
	0.87
	0.82

	7 – 10
	100-150
	0.83
	0.76

	 
	150-250
	0.68
	0.51

	 
	250-400
	0.32
	0.10

	 
	400+
	-0.04
	0.00

	 
	0-50
	1.00
	0.80

	 
	50-100
	0.88
	0.81

	10+
	100-150
	0.82
	0.74

	 
	150-250
	0.70
	0.57

	 
	250-400
	0.47
	0.19

	 
	400+
	0.04
	0.00


Table 3.5: Hedge ratio for ever bucket. (Aug-94 – Jul-99)

In Figure 4.1 a plot of the hedge ratio for every maturity bucket is shown.
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     Figure 4.1: Hedge ratio at average bucket spread levels, for every maturity bucket.    

As we look at Figure 4.1 we can see that the longer the maturity the higher the Hedge Ratio for a fixed spread bucket. For the spread regime 0-50 the distance between the hedge ratios is clearly visible, the distance between the hedge ratios becomes smaller for higher spreads and for higher spreads the distance increases again. For very high spreads we see negative Hedge Ratios.

In Figure 4.2 and 4.3 the value of R-squared and sigma squared (the standard deviation of the estimated error) respectively are displayed per bucket. We can see that for every maturity bucket the value of R-squared decreases when the spread level rises. The higher the spread level, the less of the variation in total return can be explained by variation in the independent variables (duration times changes in the government bond yield). 
  
          Figure 4.2:






      Figure 4.3:
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This first experiment shows us that for bonds with a long maturity and low spreads the model works very well, and that the same model performs less well for bonds with a higher spread and with a lower maturity.
The second experiment performs the same analysis done in the first experiment and we will analyse the data for a several periods.
Second Experiment
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Figure 4.4 - 
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 - Coefficient 1
As we can see coefficient 1 is close to 0 for from 1988 -1993 till 1995 – 2000. After that it becomes slightly negative but in general we can state that coefficient 1 is close to 0 for the entire period.
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Figure 4.5 - Hedge Ratio - 
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The hedge ratio is the main variable of this research. As we have seen in Table 3.5 the Hedge ratio is different for each separate group. The hedge ratio started in 1993 at 0.8 and moved between 0.8 and 1. We can see a clear trend in the direction the Hedge Ratio is moving from 1993 till 1998. At this point the trend reverses and the trend reverses again in July 2001. We will investigate the trend further in future research as it is out of the scope of this research. This answers the research question that if we determine the hedge ratio the way we determined it in this research, it is very likely to find a constantly increasing or decreasing hedge ratio for a certain period in time.

The movement from 0.8 to 1 is a 25% increase of the Hedge ratio.
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Figure 4.6 - Average OAS
The OAS was very stable the first period, and in this period the Hedge ratio changed significantly in value. As we created buckets using the OAS it’s important that there are no huge swifts in the average of this values which is true for the period till 2002. This is important for the interpretation and to compare adjacent results. We take a closer look at the influence of the change of OAS and the boundary choices in future research.
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Figure 4.7 - Average OAD
When the Average OAD increases we also see an increase in the Hedge Ratio for the period. Both variables seem to be highly correlated. The Empirical Duration which is part of the OAD comes closer to the OAD when the OAD is in increasing on average.

 
The total change from 1.7 to 1.8 in Average OAD is a 5% maximum. The OAD moved in the same direction as the Hedge Ratio with a 5% movement with is different from the 25% movement of the Hedge Ratio. In future research we could take a closer look at other buckets and the influence of the Average OAD to the hedge ratio.
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Figure 4.8 - AverageTR
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Figure 4.9 - Average Yield
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Figure 4.10 – Average TR minus Yo (Excess Return )
The difference between the values in Figure 4.8 and Figure 4.9 gives Figure 4.10. Figure 4.10 shows us the average 
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 which is used in (3.3) to calculate the hedge ratio. 
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Figure 4.11 – Average Delta R
When the values in Average TR minus Yo (Figure 4.10) are close to 0, the values in Figure 4.11 are also close to 0. Very interesting too see is that when the changes in interest rates are very low, the excess returns of bonds are also very low.
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Figure 4.12 - Number of bonds
In the latter part of the simulations there were less bonds in the bucket. The minimum number was 38 and it’s maximum was 60.
4.2
Summary
We can see a clear trend in the the hedge ratio. The trend reverses two times in history.

The hedge ratio seems to increase over time when the OAD increases over time and decrease when the OAD decreases over time. 

4.3
Future Research

We created a model and run this model for several periods in time. For future research we could do the following things:

· create and compare results for several buckets
· use the found hedge ratios to test how good they perform in a simulation
· try to vary the used history length and simulate with different results to find the best workable hedge ratio
There exists a negative correlation between government bond yields and credit spreads. We could further investigate the influence of this correlation on the hedge ratio.
Furthermore we could try to prove that the hedge ratio is significant different from 1.

Chapter 5 – Conclusions and further research
This thesis focused on the following questions:

1.
How stable is the hedge ratio over time?

2.
Is there a constant increasing or decreasing motion in the hedge ratio over time?

The hedge ratio is stable and constantly moves in a predictable direction. This answers the research question that if we determine the hedge ratio the way we determined it in this research, it is very likely to find a constantly increasing or decreasing hedge ratio for a certain period in time.
For future research we could try to determine the optimal update frequently of a hedge ratio compared to the reduction of Duration risk is generates.

Future research is needed to calculate the optimal Hedge Ratio. It is recommended to create a back test to compare the outcomes of different models, with different model choices like the history length and bucket choices.

In future research we could test whether or not the hedge ratio is significant different from 1.

Abbreviations
Spread – OAS
Duration - OAD

Maturity - M
Yield - y
Yield to Worst - ytw
Hedge ratio - HR

Price - P

Total Return – TR

Period – t
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