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EE431: Economics of financial market and institutions 

Semester 1/2017 

Assignment 2 (due Sept, 28th 2017 at the BE office) 

 
Instruction: Use PVF and PVIFA table in your calculation    

1. Consider two assets with the structure of cash-flow payment given by 

 

Case Asset  A Asset B   
Raining 
(P=1/3) 

1 0 

Not raining 
(P=2/3) 

0 1 

 

Indeed, asset A promises to deliver $1 to the holder only if there will be rain 

tomorrow. But, when there is no rain tomorrow, the holder of asset A 

receives nothing in return. On the other hand, asset B will give out $1 of cash 

flow if it won’t rain tomorrow, and nothing if it rains. (Economically, both 

types of asset are considered as contingent asset whose cash-flow payments 

depend on some certain conditions or circumstances.)  

 Given that the price per unit of each asset is equal to 0.32 and 0.60 

respectively. Consider the following questions. (Cash-flow given in the table is 

the amount of dollar received for each unit of asset.) 

1.1)  Calculate the market-implied discount rate for the two assets.  

 

𝑝𝑟𝑖𝑐𝑒 =
𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤

(1 + 𝑟)
 

𝐴:      0.32 =

1
3

(1 + 𝑟)
=> 𝑟 = 4.16%   𝐵:      0.60 =

2
3

(1 + 𝑟)
=> 𝑟 = 11.1% 

 



2 | P a g e  
 

1.2)  Suppose that a company is launching an IPO with the pattern of 

cash-flow structure given in the below table. (See the table in the next 

page.) That, for every single unit of stock purchased, the holder will be 

receiving $2 if raining occurs tomorrow, and $3 if there will be no rain.  

 

Case Stock cash-flow 
Raining (P=1/3) 2 

No raining (P=2/3) 3 
 

Based on the information above (including what’s given in 1.1), what 

should be the market price of this stock? Explain the reason for your 

answer. 

 

The new IPO asset can be formed up by combining 2 units of 

Asset A and 3 units of Asset B.  By the principle of equivalent 

asset, the new IPO asset should be equal to the price of new 

synthetic asset that is constructed from the two basic assets. 

Thus the price of new IPO should be equal to 2Pa + 3Pb = 

2(0.32) + 3(0.60) = 0.64 + 1.8 = 2.44 

  
 

1.3) What is the market-implied risk-free rate? What should be the 

price of risk-free asset? (Hint: An asset is considered to be a risk-free 

asset if the asset delivers the same fixed amount of cash-flow under any 

circumstances.) 

Risk-free asset can be simply constructed by combining one unit of Asset A 

with one unit of Asset B. The new synthesized asset generates $1 cash-flow 

in every circumstance. Thus the price of risk-free asset is equal to $0.92. 

Given that the price of risk-free asset is 0.92, implied risk-free rate can be 

calculated by equating market price with its present value. We find that the 

market-implied risk-free rate is 8.69% (Setting 0.92 = 1/(1+r) and then 

solve for “r”.) 
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2. Consider the following five zero-coupon bonds, each of which has the 

face value of $100.  

 

Time to maturity Spot rate (%)* Price 
1 year 1 A 
2 year 2 B 
3 year 3 C 
4 year 4 D 
5 year 5 E 

*Financially, yield to maturity of a zero-coupon bond is called spot rate 

 

Consider the following questions 

2.1)  Calculate the price of each of the five zero-coupon bonds  

Prices should be equal to $99.00, $96.11, $91.51, $85.48, and $78.35  

 

 

2.2)  Suppose that an investment banker is now offering you a new 

investment asset with the asked price of $100. The structure of cash-flow 

of the new asset offered is given in the below table. Should your purchase 

this new asset? Why or why not?  

 

Year  1 2 3 4 5 

Cash-flow 4 4 4 4 104 

 

The new asset can be constructed by combining 0.04 unit of each zero-

coupon bond with maturity less than or equal to 4 years and 1.04 unit of 5-

year zero coupon bond. Thus, the price of new asset should be equal to 

 

0.04*99 + 0.04*96.11 + 0.04*91.51 + 0.04*85.48 + 1.04*78.35 = 96.37 

 

Therefore, the asked price of $100 is too high.  
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2.3)  Suppose that you hold that new asset to the maturity date, what would 

be the yield of maturity of your investment? (Hint: State the condition that 

is needed for the calculation, but you don’t need to calculate the numerical 

value of YTM.) 

The new asset looks similar to a 5-year coupon bond with its face value of 

$100 and 4% coupon rate paid annually. IN the equilibrium, market price is 

supposed to be $96.37. Since market price is lower than $100, yield is 

supposed to be greater than coupon rate. Upon the calculation, YTM is 

approximately equal to 4.84%, i.e. around 5% 

 
 
3. Consider the following table 
 

Bond Time to maturity 
(years) 

Payments per 
year  

 

coupon 
(% pa) 

yield 
(% 
pa) 

price 
($) 

A 3      1 3% 2% F 

B 5 2 4% G 918.24332 

C 7 3 H 5% 1000 

D 10 4 4% 8% J 

E 10 0 K 5% L 

 
Suppose that each of the five bonds has its face value of $1,000. Consider the 
following questions.  
 

3.1) Complete the table by filling in the value of F, G, H J, K and L. Show your 
work and explain everything step-by-step.  

3.2) Calculate the Macaulay Duration, Modified Duration, and % change the 
price of each of the five bonds. Which one of them has the greatest 
interest rate risk? Is it the one with longest remaining time to maturity? 
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 To find “F”, we note that: 
F  = ( 3

100
∗ 1000) ∗ 𝑃𝑉𝐼𝐹𝐴(2%, 3) + 1000 ∗ 𝑃𝑉𝐹(2%,3) 

     = 30*(2.88388) + 1000*(0.94232) = 1028.836 

To find G, we note first that yield must be greater than coupon rate. 
Using the bond pricing equation, we obtain that  
  918.24332  = ( 2

100
∗ 1000) ∗ 𝑃𝑉𝐼𝐹𝐴(𝑟, 10) + 1000 ∗ 𝑃𝑉𝐹(𝑟,10) 

Having looked at the table “r” should be roughly 3% per semi-annual; 
yield to maturity is then 6% per annual.  

 
 This might be the easiest one. To find H, it is obvious that H = 

5% because price is equal to face value. 
 

 To find J, use the bond pricing formula: 
          J  = (

1

100
∗ 1000) ∗ 𝑃𝑉𝐼𝐹𝐴(2%, 40) + 1000 ∗ 𝑃𝑉𝐹(2%,40) 

      = 10*(27.35548) + 1000*(0.45289) = 726.2455 
 

 To find K and L, note that there is no coupon payment in each 
year. Thus, this bond is called zero-coupon bond; K = 0%. Price 
of the discount bond is then equal to: 
L = 1000* 𝑃𝑉𝐹(5%, 10) = 1000 ∗ 0.61391 = 613.91 
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1 2 3 4 5 6 7 8 9 

Bond Time to 
maturity 
(years) 

Payments 
per year  

 

coupon 
(% pa) 

yield 
(% 

pa) 

price 
($) 

MacD 
(period) 

ModD 
=Mac/(1+YTM/N) 

% 
change in 

price 
 

A 3 1 3% 2% F= 
1028.836 

2.91 2.91

1.02
 

2.91

1.02
= 2.85 

B 5 2 4% G=6% 918.24332 8.84 8.84

1.03
 

9.12

1.03
∗

1

2
= 4.42 

C 7 3  H=5% 5% 1000 17.88 17.9

1.016
 

17 .9

1.016
∗

1

3
= 5.87 

D 10 4 4% 8% J = 
726.2455 

31.67 31.67

1.02
 

31.67

1.02
∗

1

4
= 7.76 

E 10 0 K = 0% 5% 𝐿
=  613.91 

10 10

1.05
 

10

1.05
= 9.52 

 
- Note that you can’t just look at the figures in column#7 and column#8, 

and conclude that which one is more risky. The reason is because each 
figure is measured in different unit of period of time. For example, 
duration of E is measured in year whereas duration of D is measured 
in quarterly. (10 is less than 31.67; but that 31.67 is in fact equal to 7.91 
year.)  
 

 
 

4. A 2-year government bond with its face value of $1,000 offers the holder 
$100 as the coupon payment which is given out to the investor at the end of 
each year. Suppose that the current market price is $1,000, consider the 
following problems. 
4.1) What is the coupon rate of this 2-year bond?  

 
Coupon rate =10% (=100/1000) 

 
4.2) What is the yield to maturity of this bond?   
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As price is equal to face value, yield to maturity must be equal to 
coupon rate. 
 
4.3) The below table represents the investors’ survey over that outlook of 

market interest next year. Calculate the 1-year expected rate of return 
on the 2-year bond purchased today. Suppose that you can sell off this 
bond after you’ve collected bond’s coupon next year. 

 
Rate 8% 10% 12% 
Probability 1/2 1/4 ¼ 

 
 
Under the three cases, current yield is equal to 10%. 
 
 When market interest rate drops to 8%, future price will be 1018.519. 

Hence, we earn a 1.8% of capital gain.  
 When market interest rate remains at 10%, there will no gain/loss 

because future price would remain constant at 1,000.  
 When market interest rate increases to 12%, future price will be 

982.1429. That is we have -1.7% of capital loss 

 
 

Rate 8% 10% 12% 
Probability 1/2 1/4 ¼ 
Return 11.8% 10.00% 9.3% 

 
Expected rate of return = ½*(11.8%) + ¼ *(10.00%) + ¼ *(9.3%) 
 
Your expected return is the weighted average return under the three 
scenarios of future market interest rate. 
 
 

 
 

5.  Consider 3-year and 5-year bond with the face value of $1,000. Each type of 

the two bonds pays the holder of 2% and 5% coupon rate. The payment is given 
once at the end of each year. Following the information in the bond market, 
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current price of each of the two bonds is $971.71388 and $1,044.51822. 
Consider the following problems. 

5.1) which one of the two bonds offers the investor higher yield? (Hint: 
your answer may be an approximate to the exact solution!) 

 
Approximately 3% and 4%, respectively.  
 
5.2) calculate the Macaulay Duration and the Modified Duration of each 

bond.  
 
Macaulay Duration: 2.94 year and 4.56 year 
Modified Duration: 2.88 and 4.34 
 
5.3) which one of the two bonds has a greater degree of risk? Based on 
your calculation, is it true that long-term bond is riskier than short-term 
bond? 

 
5-year bond is more risky because % change is price is 4.34 for a 100 

basis point change in market interest rate. 
 

6. Consider two zero-coupon bonds with remaining time to maturity of 10 
years. The first one is issued by a private company named “The face”. The 
second one is issued by the Thai government. Each bond has its yield to 
maturity of 6% and 3%, respectively. Suppose that the face value of each of the 
two bonds is $1,000. (Don’t get surprised why the two domestic bonds have 
their face value in USD. This is an example of what is called foreign-currency 
denominated bond. That is, a domestic entity promises investors to repay 
coupon and principal amount in terms of foreign currency. In this example, the 
payment is made inUS dollar.) Form the information, consider the following 
problems. 

6.1) calculate the current price of each of the two bonds. 
6.2) using the exact bond pricing formula, calculate the percentage 

change in price of the two bonds if market interest unexpectedly increases by 
1% right after the investor had purchased the two bonds.  

6.3) compare the percentage change in prices implied by the duration 
concept. How big is the approximation error? Would the approximate error be 
bigger under the high-yield bond than the low-yield bond, or vice versa? 
 
 



9 | P a g e  
 

- Macaulay Duration of the two discount bonds is 10 year.  
- However, Modified duration of government bond is 9.70 

(=10/(1.03)); meanwhile, modified duration of “the Face” is 9.43 
(=10/(1.06)). The figures implies that % change in price of “The 
face” bond is smaller than that of government bond. This follows the 
convexity relationship.  

- To obtain the exact % change in price of the two bonds, one needs 
to recalculate the new price using the new interest rate, i.e. 7% and 
4%.  

- At the initial level of YTM (6% and 3%), price of the two bonds are 
1000*PVF(6%,10) = 558.39 (The face) and  1000*PVF(3%,10) = 
744.09 (Government bond) 

- After the increase in yield to 7% and 4% for each of the two bonds, 
new price should be 1000*PVF(7%,10) = 508.35 (The face) and 
1000*PVF(4%,10) = 675.56 (Government bond)  

- In terms of its percentage change, price of the two bonds drop by 
8.4% and 9.2%. Consistent with what has been discussed in class, 
modified duration typically overestimate the size of downside risk 
of bond returns.  

 
 
 
7. As a CFO of an invest bank, you are presented with daily fact sheet that 
summarizes the activity in bond market. Below is an example of your fact sheet 
in table. 
 

Bond Price Coupon rate 
(%) 

YTM 
(%) 

U 90 6 9 
V 96 9 8 
W 110 8 6 
X 105 0 5 
Y 107 7 9 
Z 100 6 6 

 

Do you find anything wrong with the fact sheet?  If yes, please state out 

what they are? 
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V; yield is lower than coupon, but price is also lower than its face value of $100. 
X; Coupon = 0, price must be lower than its face value.  
Y; Yield is higher than coupon, but we have that price is higher than its face 
value.  

 

 
8.  A 6% coupon bond paying interest annually has a modified duration of 

10 years, sells for $800, and is priced at a yield to maturity of 8%. If the 
YTM increases to 9%, what is the predicted change in price using the 
duration concept? 
 
 dp/p = - ModD * (change in r) = 

= - (10) * (0.09 – 0.08) 
= - (10)*(0.01) = -0.1 

 That is, price would drop by 10% when interest rate increases by 1%. 
 Price will decline from $800 to $720. Hence, price would decrease by $80. 

 
 

 
9. A 6% coupon bond with semiannual coupons has a convexity (in years) 

of 120, sells for 80% of par, and is priced at a yield to maturity of 8%. If 
the YTM increases to 9.5%, what is the predicted contribution to the 
percentage change in price due to convexity? 
 
You may skip because this is beyond the scope of our numerical exercise. 
 

10. A bond with annual coupon payments has a coupon rate of 8%, 
yield to maturity of 10%, and Macaulay duration of 9 years. What is the 
bond’s modified duration? 
 
Modified duration = MacD / (1+r) = 9 / (1+0.1) = 9 / 1.1 = 8.18 
 

11. When interest rates decline, the duration of a 30-year bond selling 
at 

a. premium: 
b. Increases. 
c. Decreases. 
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d. Remains the same. 
e. Increases at first, then declines. 

 
When interest rate declines, price will increase. Your modified duration 
would increase when the interest rate decrease.  
 

12. Which bond has the longest duration? 
a. 8-year maturity, 6% coupon. 
b. 8-year maturity, 11% coupon. 
c. 15-year maturity, 6% coupon. 
d. 15-year maturity, 11% coupon. 
 
Let’s assume that the coupon is equal to yield, so each type of the bond 
is getting sold at part. This is to allow us to continue doing this 
problem. 
 
First, note that Modified duration increase with the lowered yield.  
Thus, based on the pairwise comparison, you will find that duration of 
“a” is longer than duration of “b”. At the same time, duration of “c” is 
longer duration of “d”. 
 
Second, modified duration increases with time to maturity. From the 
first point mentioned above, this implies that “c” would have longer 
modified duration than “a” because MacD of “c” is larger than MacD of 
“a”. 
 
So, the answer is “c” that is the longest modified duration. 
 
 

 
13.  A newly issued bond has the following characteristics: 

 
Coupon Yield Maturity  Duration 
8% 8% 15 years 10 years 

 
a. Calculate modified duration using the information above. 

Bond sold at part. MacD = 10. Then, ModD = 10/(1.08) = 9.25 
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b. Explain why modified duration is a better measure than maturity 
when calculating the bond’s sensitivity to changes in interest rates. 
 
We have shown in class that Modified duration is the elasticity of bond 
price with respect to yield. Modfied duration requires that we know 
both MacD and the initial level of yield. Using the MacD could give us 
a misled conlusion over the interst rate risk of bond. It might be 
possible that longer bond with larger value of MacD may have smaller 
value of ModD than the shorter bond that has small value of MacD. 
Both MacD and the level of yield affect how price is sensitive to the 
change in the interest rate.  
 

c. Identify the direction of change in modified duration if: 
c.1) The coupon of the bond were 4%, not 8%. 

 
 As bond is newly issued, bond rate (yield) will always be equal to coupon. 
Bond will be sold at par. If coupon were lowered, ModD would rise. Remember 
ModD would rise/fall if the initial level of yield varies, i.e. ModD = MacD/(1+r).  
 

c.2) The maturity of the bond were 7 years, not 15 years. 
If bond gets its maturity shorten, modified duration will drop. 
That’s because MacD would drop as bonds have short maturity. 
 

d. Define convexity and explain how modified duration and convexity are 
used to approximate the bond’s percentage change in price, given a 
change in interest rates. 
 
You may skip the convexity. 



 

 

 



 

 

 

http://www.escubes.com/2015/09/present-value-how-to-calculate-the-present-value-of-an-annuity/


 

 
 
 


