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Abstract. The bond market plays a role in predicting the economy and making portfolio selection for
investors. More information can be obtained by analyzing the yield curve. Based on this, this
paper mainly describes the role of the bond market and related measurement and analysis methods
in detail. This article choose the relationship between the US benchmark interest rate and the yield
of the US 10-year Treasury bond, as well as the relationship between the yield of the US 10-year
Treasury bond and its price to analyze interest rate risk. Meanwhile, by quantifying the elements in
the portfolio and comparing the data, this paper expounds the management and impact of duration,
continuity and cash flow matching on the risk of bond market investment. The results shown that the
bond market has the function of forecasting and giving investors more choices, and for the risk
strategy, the use of a variety of methods will help to reduce risks and increase returns. These help
people regard the bond market more effectively and clearly.

Keywords: Finance risk, Indicator, Duration, Convexity, Bond.

1. Introduction

1.1 Research Background and Motivation

Research on bond market has a long tradition. This thesis considers the field of financial market
as the main subject of its study. One of the major topics to be investigated in this field is bond market
and it is frequently prescribed for investors to make decisions. This thesis will examine the way in
which these questions: Why is the bond market so useful? At the same time, what contributions can
it make to risk management strategies? This article will focus on these two issues. There are several
common kinds of role and contribution, this paper will explain the functionality of indicator and
finance alternative. For contributions, this paper will mainly introduce these four aspects: interest rate
risk, duration, convexity and cash flow matching.

This study therefore set out to assess the effect of bond market of forecast economy, and the effect
of finance alternative. For our first goal, this paper will focus on two aspects: prediction function and
finance alternative function of bond market. Existing research recognizes the critical role played by
bond market, it is mainly driven by future economic growth. One way to observe future economic
performance is the impact of the bond market on the outlook for interest rates. Meanwhile, the best
way to use bonds to predict the economy is to look at the yield curve. According to the yield curve,
article can judge the economic change trend of the market, so we will give some simple examples to
illustrate the curve graphs in general and some special cases. The other effect is the bond market
could as a project finance alternative. The bond market provides another source of project financing
funds. Compared with the traditional methods of providing funds for projects through bank loans and
tax equity, buying and selling bonds to form a reasonable investment portfolio will maximize the
return on funds [1].

This study was exploratory and interpretative in nature. This paper will discuss the relationship of
the interest rate risk, duration, convexity and cash flow matching. The study was conducted in the
form of a survey, with data being gathered via relevant articles and tools. For interest rate risk, when
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yields change, bond prices change, Two examples are analysed in order to show the relationships(the
relationship between the US benchmark interest rate and the us 10-year treasury yield and the
relationship between the yield of the US 10-year treasury bond and its price).So we can see that when
interest rates change, bond prices will also change.

A combination of quantitative and qualitative approaches was used in the data analysis. This article
put an example to explain the duration. Its main idea is to set up a portfolio such that any capital gains
arising from changes in interest rates are offset by reinvested gains. Meanwhile, this paper will also
mention some limitations like the cost of duration immunization is too high, immunization is a
dynamic process and when interest rates change widely, the duration does not accurately reflect price
changes.

Since the duration matching has some limitations so some alternative strategies will be introduced
to manage risk.. The better measurement method for sensitivity is convexity. The duration strategy it
is accurate enough, but for larger changes in yield, it always underestimates the resulting bond prices
for non-callable, option-free bonds. It need to consider both duration and convexity to make more
accurate prediction. Article will provide examples to show why it can help investors make better
decisions, through which investors can better obtain funds and reduce the risks brought by stocks.
And another alternative strategy is the cash flow matching. The cash flow matching strategy makes
use of cash flows from principal and coupon payments on various bonds that are chosen so that the
total cash flows exactly match the liability amounts. There are relevant examples to prove how to
better match the relationship between cash flow and liabilities. Through the calculation and analysis
of cases, we can see the best distribution method between the two. This paper will compare the
advantages and disadvantages of this method to show it more objectively.

This project provided an important opportunity to advance the understanding of bond market.
Characteristic of curve is important for our increased understanding of the usefulness and
contributions of bond market.

1.2 Literature Review

At present, most scholars mainly carry out the research on the risk management strategy of bond
market from the following aspects. First, the impact of the change of convexity on the return, through
the analysis of the yield slope and curve, to help maximize the return of the portfolio[2-3]. The second
is the problem of cash flow matching, which matches the total cash flow with liabilities through the
cash flow paid by bond principal and coupon[4]. These studies can guide the topics we want to study
and help form a coherent article. This paper studies from the aspects of interest rate risk, duration,
continuity and cash flow matching, which further highlights the significance of our research.

1.3 Research Contents and Framework

Based on the existing research results, this paper analyzes the aspects of interest rate risk, duration,
continuity and cash flow matching, and summarizes the corresponding conclusions. The framework
of this paper is arranged as follows. The first part is the introduction, including the research
background, motivation and literature review. The second part are interest rate risk and duration; The
third part is convexity and cash flow matching. The last is the conclusion.

2. The role of bonds in risk management strategies

For a bond, an important factor affecting its price is the yield, which in turn is affected by the
interest rate. When interest rates change, bond yields also change, and they usually show a positive
correlation. When yields change, bond prices change, like this figure 1, and they are usually
negatively correlated.
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Yield

Figure 1 The relationship between price and yield

The figure 2 shows the relationship between the US benchmark interest rate and the US 10-year
Treasury yield. The yellow line shows the yield, and the blue line shows the interest rate. It is obvious

that as the interest rate increases, the yield increases with it. There is a positive correlation between
them [5].
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Figure 2 The relationship between the yield and price

The figure 3 shows the relationship between the yield of the US 10-year Treasury bond and its
price, the green line is the yield, the red line is the bond price. We can see that they're almost
symmetrical along a horizontal line. There is a negative correlation. So we can see that when interest
rates change, bond prices will also change [5].
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Figure 3 The relationship between the yield and the price

Therefore, there is a risk that investors will suffer losses due to changes in interest rates. This is
what we called interest rate risk. However, different bonds have different sensitivity to changes in
interest rates. For example, when the yield decreases by 5%, the price of BOND D increases by
more than 150%, while the price of bond A only increases by about 25%, which is a very big

difference. A risk-averse investor may chooses bonds like BOND A to reduce the interest rate risk
faced by the asset.
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Figure 4 Change in Yield to Maturity

The sensitivity of bond prices to interest rates is not well judged from Figure 4 [6]. Further, this
article will cover duration. The definition of the duration is the weighted average of the maturity of
individual cash flow, with the weights be proportional to their present values. It is designed to measure,
on average, how long you have to wait, in order to enjoy the cash flow benefits of a bond. The longer
the duration, the more the percentage of price changes when the interest rate changes, then the greater
interest rate risk.

There is an example. The bond P has the cash flow as the red line, five dollars in each of the first
three years and 100 dollars in the fourth year and bond Q is blue line, five dollars in the first year,
100 dollars in the fourth year. We can calculate that the duration of bond P is 3.68 and that of bond
Qis3.5. You can see from the graph that the red line of bond P is more curved. When the interest
rate increases from 10% to 15%, the price of P will decrease by 17.7%, while the price of Q will only
decrease by 16.6%, which is less. The higher the duration, the greater the change in bond price for a
given change in interest rates.
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Figure 5 Price-yield about bond P and bond Q

This paper introduced one important method to manage the interest rate risk and duration
immunization. Its main idea is to Set up a portfolio such that any capital gains arising from changes
in interest rates are offset by reinvested gains. Immunization means that: you lock in the interest rate
and you will have the expected amount of money at the end. Duration immunization works on the
principle that a coupon bond with a given duration can approximate a zero-coupon bond with the
same duration[7,8].

There is an example: Company A have a cash obligation to be made at the end of year 5. And there
is a coupon bond like this. We can calculate that the PV of the obligation is 9000 and the duration of
the bond is 5 years, which is the same as your due date. Therefore, it can hold 9 units of the bond to
achieve the immunization. If 1 year later , the interest rate decrease to 7.9%, if you don’t construct
the portfolio ,you'll still need about $50 to make that payment, and if interest rates fall faster, you'll
have to pay more. If you build this portfolio, at the end of five years, you'll have just enough money
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to cover what you owe. After that, you have achieved the duration immunization, we can fix the
interest rate. But this method has its limitation. The first limitation is follows: firstly, the cost of
duration immunization is too high. It is hard to find bonds with the suitable duration. Secondly,
immunization is a dynamic process. A portfolio should be restructured to maintain its original
expectations when market interest rates change significantly. Meanwhile, when interest rates change
widely, the duration does not accurately reflect price changes. The duration rule is only an
approximation of bond prices regard the interest rate impact, and it is only a tangent line to the price-
yield curve at the calculated point. But the actual price change is a curve line.

Price A
$1,000.00
§972.33
$917.78

$838.19
$809.27

Figure 6 Price-yield curve

In Figure 6, the straight line is predicted by the duration strategy. When the yield decrease from
8% to 7%, when only see from the duration line, the bond price rise to $972.33. And when taking the
actual price-yield curve into account, the bond price actually rise to $1000, which is higher than
$972.33. When the yield increase from 8% to 9%, see from the tangent line, the price falls to $809.27.
But see from the actual curve, the price falls to $838.19, which is higher than $809.27. In this case,
when consider the actual curve, the bond prices rise more and fall less regard the change of interest
rate. So this kind of relationship between the bond price and the yield rate is convexity.

The main reason for choosing this strategy is that the duration strategy is accurate enough for small
changes in yield, but it always underestimates the final bond price of non-callable and option-free
bonds for large changes in yield. Therefore, when the yield changes greatly, this paper needs to
consider both duration and convexity in order to make a more accurate forecast. Meanwhile, it can
help the investors to make better decisions.
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Figure 7 Price-yield curve of bond A and bond B

In Figure 7, the price-yield curve of bond B is more curved than Bond A. If yields rise, the bond
B will fall less than bond A. If yields fall, bond B will rise more than bond A. Therefore, if yields
change from YO, bond B will always be worth more than bond A. As a result, it can definitely help
the investors to decide which bond to pay for[9].
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Meanwhile, another alternative strategy is the cash flow matching. The cash flow matching
strategy use cash flow from principal and coupon payments on chosen bonds to match the total cash
flow with the liability amounts. In order to do cash flow matching, the cost of funds required to do
cash flow matching would be significantly higher compared to the total debt amount, and a large
amount of initial funds would be required to purchase bonds for matching repayment. Therefore, cash
flow matching costs will increase. In addition, the difference between the bond maturing date and
debt repayment date expose the risk of reflection. Without a suitable short-term investment, this part
of the money will waste time and cost. If the last liability maturity date is later than the date that bond
can be matched, then the bond needs to be sold early, and selling the bond early will face the market
price risk. In addition, if the liquidity of the bond is not high, it will also pay a liquidity premium cost
at this time, which is one of the reasons for the high cost of cash flow matching.

The cash flow matching also has benefits. It is simple to calculate and not affected by the structural
risk of interest rates, because it does not involve the calculation of PV, and naturally there is no
repricing of its valuation. Since the time and amount of cash flow is known, it is also less difficult to
manage.

3. Results and Discussion

The bond market is not only significant for serve as the indicator and the financial alternative, but
the huge impact on risk management is important as well. To manage interest risk, the bond market
plays the major role of the bond immunization that any capital gains arising from changes in interest
rates are offset by reinvested gains. The duration matching, which serve as an important tool of bond
immunization, is able to manage price sensitivity. Owing to the fact that there are several limitations
due to the uncontrollable date, the convexity and cash flow matching can help to cover the shortages.
In this essay, the concept of convexity and the advantages are discussed. The vulnerabilities and
strengths of cash flow matching are also introduced.

4. Conclusion

To begin with, the usefulness of the bond market is discussed. The bond market plays an critical
role in predicting the future changes of economy, which can clearly tell from the yield curve. So some
simple examples are given to illustrate the curve graphs in some cases. In addition, the bond market
can serve as the financial alternative to provide another source of project financing funds.

The bond market’s contribution to the risk management is primarily discussed. Firstly, this paper
discusses the relationship between bond prices, yields and interest rates from the perspective of risks
that need to be managed. It takes the curve of yield, price, and interest rate of US 10-year treasury to
explore their relationship, and thus illustrate what is interest rate risk. Next, this paper explains that
different bonds have different sensitivity to interest rate and face different interest rate risk. Thus, it
introduces the index describing interest rate risk, duration. And then it explains the definition of
duration and cites two bonds with different duration to illustrate the relationship between duration
and the sensitivity of bonds to interest rate changes. Next, this paper introduces an important method
of managing risk, duration immunization. It talks about the definition, how to implement it. And
illustrate how to use this method to manage risk using an example. Finally, it discusses three
limitations of this approach and pave the way for the discussion of convexity and other approaches
later. The convexity and cash flow matching are serve as the alternative strategies of duration
matching. In this essay, a graph with specific data is used to discuss the differences between the
impact of yield rate changes on bond prices in convexity and duration strategies. At the same time, it
also introduces the most suitable cases for convexity and duration strategies. In addition, the benefits
and strengths are introduced by a graph of two bonds contrast, which illustrate the convexity’s
function that is able to help the investors to make better decision. Moreover, the usage of cash flow
matching is introduced. The vulnerabilities and strengths of cash flow matching are discussed. Owing
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to the fact that the present value is not included in the calculation, the cash flow matching is simple
and easy to understand. However, the cash flow matching may have high cost at most of time and
some risk may face due to the differences between the bond maturing date and debt repayment date.
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