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Today’s Outline

Bond Valuation
- Price-Yield Relationship
- Duration
- Convexity
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l Maturity: the length of time until the loan agreement 
(or the bond contract) expires, essentially the 
remaining life of the bond.

l Par value: the amount that the borrower promises to 
pay on or before the maturity date on the issue, also 
known as the redemption or face value. 
l If the market interest rates move above the coupon rate, the 

bond will sell below par value (at discount). 
l If the rates move below the coupon rate, the bond will sell 

above par value (at premium).

Bond Valuation:
The Basics
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Interest Rates for Bonds
l The coupon rate of a bond is the promised interest 

rate that the security issuer agrees to pay at the 
time the security is issued.
l Example: A bond with a par value of $1000 and a coupon 

rate of 9% pays an annual coupon of $90.

l The current yield of a bond is the ratio of the annual 
coupon interest generated by the asset to its 
market value.
l Example: The current yield of a bond selling for 900 Baht 

in the market and paying an annual coupon of 30 Baht to 
the bondholder is 30/900 = 3.33%.

Bond Valuation:
The Basics
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Interest Rates for Bonds
l The yield to maturity (YTM) is the rate of interest 

that the market is prepared to pay today for a bond.
l It is the rate that equates the purchase price (P) 

with the present value of all the expected annual 
net cash flows (CF) from the bond.
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Bond Valuation:
The Basics
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Interest Rates for Bonds
l A bond trades at a discount from par if its price is 

less than its par value, i.e. if its current yield to 
maturity is higher than its coupon rate. 

l A bond trades at a premium over par if its price is 
more than its par value, i.e. if its current yield to 
maturity is lower than its coupon rate. 

l A bond trades at par if its price equals its par value, 
i.e. if the current market interest rate on 
comparable securities equals its coupon rate. 

Bond Valuation:
The Basics
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Interest Rates for Bonds
l ‘YTM’ or ‘Yield’ represents market interest rate for 

bonds.
l Bond Dealers usually quote two yields for a bond. 

(Dealers in the US quote ‘price’ instead of ‘yield’.)
l The lower ask yield (higher price) is the dealer’s selling 

price, while the higher bid yield (lower price) is the 
dealer’s buying price.

l The difference between the bid and ask prices –
known as the spread – provides the dealer’s return 
for creating a market for the security.

Bond Valuation:
The Basics
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l All bonds are priced according to the present value 
of their future cash flows. There are 3 steps in bond 
valuation. 
(Throughout our course, bonds are assumed to be 
non-callable, which means the issuer has no right to redeem 
the bond before its maturity. Therefore, it is assumed that 
the amount and timing of a bond’s future cash flow are 
known with certainty.)

1.Estimate the cash flows: coupon payments and 
repayment of principal at maturity

2.Determine the appropriate discount rate which is 
the bond’s yield to maturity

3.Calculate the present value:

Bond Valuation:
The Basics
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Pure Discount Bonds 
l Also called Zero Coupon Bonds 
l are bonds that do not pay interest and are sold at 

discount from their par values. 
l They then increase in value over time, and 

appreciate to their par values at maturity.

Bond Valuation:
Pure Discount Bonds
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Bond Valuation:
Pure Discount Bonds
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Pure Discount Bonds 
Find the value of a 30-year zero-coupon bond with a $1,000 par 
value and a YTM of 6%.
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Bond Valuation:
Pure Discount Bonds
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Bond Valuation:
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Pure Discount Bonds: Value increases over time
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Where: F = par value
C = coupon payment for each period
r  = the bond’s Yield to Maturity
t = number of time periods to maturity 
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Bond Valuation:
Coupon Bonds
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Suppose there is a 10-year, B1,000 par value, 6% annual-pay 
coupon bond. What is the bond value, given YTM =8%?
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Bond Valuation:
Coupon Bonds
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Suppose there is a 10-year, B1,000 par value, 6% coupon bond. 
The coupons are paid semiannually. What is the bond value, 
given YTM =8%?
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Bond Valuation:
Coupon Bonds
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l Over the life of a bond, cash flows (coupons and face 
value) will not change while market yield (YTM) can 
change dramatically. 

l Therefore, the market price of the bond must change 
to reflect any change in market yield. 

l Basically, the price of a bond will move inversely with 
its market yield: bond prices go up when the yield 
goes down, and vice versa.

Bond Valuation:
Price-Yield Relationship
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Suppose there is a 30-year bond issued 20 years ago and now has 10 years to 
maturity. The bond pays 10% coupon semiannually. Calculate the bond price 
today given YTM of 7%, 10% and 13%
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Bond Valuation:
Price-Yield Relationship
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YTM = 7%

YTM = 10%

YTM = 13%

1,213.19

834.72

1,374.17

774.51

Bond Valuation:
Price-Yield Relationship
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When the YTM < coupon, the bond 
trades at a premium.

When the YTM = coupon, the bond 
trades at par.

When the YTM > coupon, the bond trades at a discount.

Bond Valuation:
Price-Yield Relationship
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Compute the value of a B1,000 par value bond, with 3-year, 2-
year and 1-year life, paying 6% semiannual coupons to an 
investor with a required rate of return of 5%, 6% and 7%.

Notice that a bond with longer maturity has higher relative (%) price change 
than one with shorter maturity when interest rate (YTM) changes. So, the prices 
of long-term bonds are more volatile than the prices of short-term bonds.  All 
other features are identical.

Bond Valuation:
Maturity and Bond Price Volatility
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Consider two otherwise identical bonds.
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Bond Valuation:
Maturity and Bond Price Volatility
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Compute the value of a B1,000 par value bond, with a 3-year life, 
paying 8%, 6% and 4% semiannual coupons to an investor with a 
required rate of return of 5%, 6% and 7%.

Bond Valuation:
Coupon Rate and Bond Price Volatility
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Notice that a lower coupon bond has a higher relative price 
change than a higher coupon bond when YTM changes. So, 
prices of bonds that pay low coupon are more volatile than those 
that pay high coupon. All other features are identical.

Bond Valuation:
Coupon Rate and Bond Price Volatility
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Consider two otherwise identical bonds.

The low-coupon bond will have much 
more volatility with respect to changes in 
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Bond Valuation:
Coupon Rate and Bond Price Volatility
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l t = time in which the cash flow (coupon or par value) occurs
l Ct = cash flows (interest or principal payment) that occurs in period t
l r = the yield to maturity (YTM) on the bond

• Macaulay Duration measures the average maturity of a bond’s 
total cash flows – coupons as well as principal.

• The average is weighted by the present value dollars paid in 
each period.

Bond Valuation:
Macaulay Duration
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l The denominator is the PV of all cash flows, which is 
essentially the price of bond.

l The numerator is the time to maturity of each cash 
flow weighted according to the PV of the cash flow.

Bond Valuation:
Macaulay Duration
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1. Estimate the cash flows: coupon payments and 
repayment of principal at maturity

2. Calculate the present value of the cash flows series
3. Calculate the sum of the above PVs
4. Multiply each of PVs in #2 with time period
5. Calculate the sum of #4 PVs.
6. Duration is the result of #5 divided by that of #3

Notice: #2 and #3 - the denominator of the formula
#4 and #5 - the numerator of the formula

Bond Valuation:
Macaulay Duration
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Suppose there is a 5-year, B1,000 par value, 9% annual pay 
bond. What is the bond’s duration, given YTM = 9%? 

Notice that… Time to maturity = 5 years
Macaulay Duration = 4.2397 years

Bond Valuation:
Macaulay Duration
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Suppose the 5-year bond above pays semi-annually. What is the bond’s 
duration, given YTM = 9%?

Notice that… Time to maturity = 5 years
Macaulay Duration = …… years

Bond Valuation:
Macaulay Duration
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Duration and coupon interest
l Macaulay duration of a bond with coupon payments always will 

be less than its term to maturity because duration gives weight 
to these interim interest payments.

l The higher the coupon payment, the lower the bond’s duration
l Duration of discount (or zero-coupon) bond is equal to its time 

to maturity.

Duration and yield to maturity
l the higher the yield to maturity, the lower the bond’s duration

Bond Valuation:
Macaulay Duration
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Duration and maturity
l duration increases with maturity at a decreasing rate
l Given the same maturity, a callable bond has shorter

duration than a non-callable bond because there is a 
chance that the issuer exercise the right to call the 
bond (repay the loan) early.

Bond Valuation:
Macaulay Duration
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l For option-free bond, modified duration can provide an 
approximation to the interest rate sensitivity of a bond.

l Modified Duration equals Macaulay Duration divided by 1 plus the 
current yield to maturity divided by the number of payments in a year. 

l From previous example, a 5-year, 9% semiannual-pay coupon bond 
with a Macaulay duration of 4.1344 years, YTM of 9% …

Bond Valuation:
Modified Duration
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Modified duration can be used to see how the price of a bond 
will respond to a specific change in yield.

Approximate change in price due to duration 
= (-) (Modified duration) (Change in yield in decimal term) 

Bond Valuation:
Modified Duration



FN 211 Financial Markets by Win Phromphaet, CFA   34

Suppose there is a 5-year, B1,000 par value, 9% semiannual pay bond. 
The bond’s YTM = 9% and we have calculated that modified duration is 
3.96.

If YTM falls by 1% (or 100 basis points) from 9% to 8%, the approximate 
change in price of the 5-year bond is 

= (-)(3.96)(-0.01)
= 0.0396

Estimated price 
= (1+0.0396)(1,000)
= 1,039.60

Actual Price (can be calculated using financial calculator)
= 1,040.55

Current bond price, 
not par value!!!

Bond Valuation:
Modified Duration



FN 211 Financial Markets by Win Phromphaet, CFA   35

Suppose there is a 5-year, B1,000 par value, 9% semiannual pay bond. 
The bond’s YTM = 9% and we have calculated that modified duration is 
3.96.

If YTM rises by 1% (or 100 basis points) from 9% to 10%, the 
approximate change in price of the 5-year bond is 

Bond Valuation:
Modified Duration
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• Modified Duration has one limitation. It assumes that, when 
interest rates change, cash flows of bond do not change. 

• This is a problem when measuring the exposure of bonds 
with embedded options (e.g., callable bonds, mortgage-back 
securities, etc.) to changes in interest rates.

• Effective Duration, in contrast, takes changes in cash flows 
into account and thus, is the appropriate measure for bonds 
with embedded options. 

• For bonds without embedded options, Modified Duration and 
Effective Duration produce the same duration value so both 
can be used.

Bond Valuation:
Effective Duration
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• BV- is bond value when yield falls
• BV+ is bond  value when yield rises
• BV0 is bond value when yield stays the same
• Δy is change in yield in decimal term

– Δy = 0.01 for 1% change in yield
– Δy = 0.005 for 0.5% change in yield

• Notice that, since BV- is always greater than BV+ for option-free 
bonds, you will always get duration in positive term.

Bond Valuation:
Effective Duration
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Suppose there is a 5-year, B1,000 par value, 9% semiannual pay 
bond. The bond’s YTM = 9%. Determine effective duration given 
1% change in yield.

Notice that Modified Duration and Effective Duration produce the same 
duration value of 3.96. Since our example is a bond without embedded 
option, both duration measures will produce the same duration number 
and both can be used to estimate bond price.

Bond Valuation:
Effective Duration



FN 211 Financial Markets by Win Phromphaet, CFA   39

lModified duration allows us to estimate bond price 
changes for a change in interest rates. 

lHowever, estimated price using duration is accurate 
only for very small changes in market yields. 

lThis is because modified duration is a linear 
approximation of a bond price.

lHowever, the actual price-yield relationship is a 
convex function.

Bond Valuation:
Convexity
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Actual price-yield relationship

Estimated price using modified duration

Bond Valuation:
Convexity
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l Convexity is a measure of how much a bond’s price-yield 
curve deviates from the linear approximation of that curve.

l Convexity is always a positive number, implying that the 
price-yield curve lies above the modified-duration line.

l Mathematically, convexity is the second derivative of price 
with respect to yield. (Duration is the first derivative)

l Modified duration is the percentage change in price for a 
given change in yield.

l Convexity is the percentage change in duration for a given 
change in yield.

Bond Valuation:
Convexity
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lAs yield increases, the rate at which the price of the 
bond declines becomes slower.

lWhen yield declines, the rate at which the price of 
the bond increases becomes faster.

lThe estimate using only modified duration will 
underestimate the actual price increase caused by 
yield decline and overestimate the actual price 
decline caused by an increase in yields.

Bond Valuation:
Convexity
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• BV- is bond value when yield falls
• BV+ is bond  value when yield rises
• BV0 is bond value when yield stays the same
• Δy is change in yield in decimal term

– Δy = 0.01 for 1% change in yield
– Δy = 0.005 for 0.5% change in yield

Bond Valuation:
Convexity
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Continued with the previous 5-year, B1,000 par value, 9% semiannual 
pay bond. The bond’s YTM = 9%. We have calculated that modified 
duration = 3.96. Determine the bond’s convexity given 1% change in 
yield.

Bond Valuation:
Convexity
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Convexity can be used to improve the estimation by modified 
duration to see how the price of a bond will respond to a 
specific change in yield.

Approximate change in price using convexity 
= (convexity) x (change in yield in decimal term)2

= (9.7)(0.01)2

= 0.00097

Bond Valuation:
Convexity
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Suppose there is a 5-year, B1,000 par value, 9% semiannual pay bond. 
The bond’s YTM = 9% and we have calculated that modified duration is 
3.96.

If YTM falls by 1% (or 100 basis points) from 9% to 8%, the approximate 
change in price of the 5-year bond is 

= (-)(3.96)(-0.01)
= 0.0396

Estimated price 
= (1+0.0396)(1,000)
= 1,039.60

Actual Price (can be calculated using financial calculator)
= 1,040.55

Current bond price, 
not par value!!!

Bond Valuation:
Using Modified Duration Only
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Suppose there is a 5-year, B1,000 par value, 9% semiannual pay bond. 
The bond’s YTM = 9%. We have calculated that modified duration is 
3.96 and convexity is 9.7

If YTM falls by 1%, the approximate change in price is 
= (-)(3.96)(-0.01) + (9.7)(-0.01)2

= 0.0396+0.00097
= 0.04057

Estimated price 
= (1+0.04057)(1,000)
= 1,040.57

Actual Price (can be calculated using financial calculator)
= 1,040.55

Bond Valuation:
Using Both Modified Duration + Convexity
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Suppose there is a 5-year, B1,000 par value, 9% semiannual pay bond. 
The bond’s YTM = 9%. We have calculated that modified duration is 
3.96 and convexity is 9.7

If YTM rises by 1%, the approximate change in price is 

Bond Valuation:
Using Both Modified Duration + Convexity
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Duration of a portfolio is simply the weighted average of the duration of 
the bonds in the portfolio. The average is weighted by market value of 
bonds within the portfolio.

For example, if a portfolio worth 5 million Baht has 2 bonds
– The previous 5-year bonds, B1,000 par value, 9% semiannual pay 

bond. The bond’s YTM = 9%. It’s modified duration is 3.96 with total 
market value of 2,000,000 Baht

– 15-year, B1,000 par value, 7% annual pay bonds, YTM = 7% with 
modified duration of 9.11 and total market value of 3,000,000 

Bond Valuation:
Duration of a Portfolio
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Given portfolio’s modified duration of 7.05, If YTM rises by 1% 
across the board, the approximate change in price of the 
portfolio is 

= (-)(7.05)(+0.01)
= -0.0705

Estimated portfolio value after YTM rises by 1%
= (1-0.0705)(5,000,000)
= 4,647,500

Bond Valuation:
Duration of a Portfolio



FN 211 Financial Markets by Win Phromphaet, CFA   51

Given portfolio’s modified duration of 7.05, If YTM falls by 1% 
across the board, the approximate change in price of the 
portfolio is 

Estimated portfolio value after YTM rises by 1%

Bond Valuation:
Duration of a Portfolio
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PV01 = Price Value of One Basis Point Change. It is the 
change in value (in Baht or Dollar terms) per one million 
nominal value, given 1 basis point change in yield

Example: Suppose our previous 5-year bond has 9% 
semiannual coupon, YTM of 9%, market price of 1,000, 
modified duration of 3.96. 

The estimated bond price change given 1 bpΔ in yield
= (MD) x (Change in Yield Decimal Term) x (Bond Price)
= (3.96) x (0.0001) x (1,000)
= 0.396 Baht. 

So, bond price will change by 0.396 Baht given 1bpΔ in yield.

Bond Valuation:
PV01
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Notice that the price change of 0.396 Baht above is per one 
unit of bond. 

Since PV01 is defined as ‘change in value per one million 
Baht nominal value and since Thai Baht Bond par value is 
B1,000; one million Baht nominal value translate to 1,000 units 
of bonds. Therefore, we need to multiply 1,000 to the above 
calculation to achieve PV01 formula…

PV01 = MD x 0.0001 x Bond Price x 1,000

Bond Valuation:
PV01
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Example: Suppose our previous 5-year bond has 9% semiannual 
coupon, YTM of 9%, market price of 1,000, modified duration of 
3.96. Calculate PV01

PV01 = MD x 0.0001 x Bond Price x 1,000
= 3.96 x 0.0001 x 1,000 x 1,000
= 396 Baht

• So, we can predict that, if yield change by 1 basis point, the value of this 
bond, with 1 million Baht nominal, will change by 396 Baht.

• You can check this prediction by calculating that, if yield change by 1 basis 
point from 9% to 9.01%, the actual value will change by 395.54 Baht

Bond Valuation:
PV01
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A 5-year bond has 5% annual coupon, YTM of 4%, market price 
of 1,044.52, modified duration of 4.38. Calculate PV01

Bond Valuation:
PV01 : Exercise
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• Position PV01 = PV01 x nominal value in million Baht
• Position PV01 of a portfolio is the sum of total Position PV01 of the 

bonds in the portfolio.
• For example, if a portfolio with 50 million nominal has 2 bonds

This means, given 1 basis point change in yield, the value of this portfolio will 
change by 37,832 baht

Bond Valuation:
PV01


