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DISCLAIMER —

| have prepared this document by collecting informéon primarily from ICFAI material for my preparati on. | do not
claim any copyright on this document. | do not vouh for its correctness or usefulness. Please useyatur own risk.

If you need any help, you may contact me at www.haimant.com

This document has 3 parts —
1. Tips for Objective Questions

2. Big Questions — These are the numerical questionkdt are to be solved step by step in the exam. | i@ gone
through previous years question papers and have detted all such questions that, taken together, cevthe whole
syllabus. | have found this to be of great use begse it saved me from solving the workbook. | havehfound any
question out of this set in past two examinationgi{e ones conducted after | prepared these notes.)

3. Theory Questions — These are the theoretical questi from past years question papers. These questiorse
important ones. Many of these are often repeated. d#vever, ICFAI has a tendency to ask one or two emély new
guestions in each question paper that are not answesl anywhere in the book or workbook or past questin
papers.

Tips for Objective Questions

Bond at discount: YTM > current yield > coupon el
Bond at premium: coupon yield > current yield > YTM
Bond at par: YTM = current yield = coupon yield.

I. The coupon of bond and convexity are inversely related.
Il. The maturity of a bond and convexity are directly related.
Ill. The yield of a bond and convexity are inversely related.

Various forms of internal credit enhancements are
Reserve funds
Overcollateralization
Senior/subordinated Structures

Bond Insurance is external credit enhancement.

YTM is measured by comparing the present valueoapon payments and redemption of the bond by the
issuer at &ontracted valueandnot the value at which it is sold to the prevailingrket price.

Imputed Interest
_ looo.
Purchase price 108" = 21454
Imputed interest income in the second year
=21454 %108 = 08 =1% 354
Imputed interest income of the last year

= 214 341 08¥ %008 =74.07
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The holding period at which the terminal value leé bond will remain same irrespective of the changbe reinvestment rate
can be described as duration.

Calculation for duration is as follows: (Assume Re&istment rate of 12.5%.)

" . A R
o PIRA. x| 4]+ |1 =2 |
D=
_g_:%xpwm[mmx(1.125j+[1-g_:i%]xj

Pure expectations theory - (1 +r0,2)2 = (1 + ro,1) (1+f1,2)

Liguidity Premium Theory - According to liquidity premium theory investors are not indifferent to risk and they
charge higher rates than the expected future rates, if the maturity of the instrument
increases.

Modified Duration

Active and Passive Investment strategies
(a) Yield spread strategies

(b) Cash flow matching strategies

(c) Constant duration strategies

(d) Yield curve strategies

(e) Return Enhancement strategies.

For a given difference between YTM and coupon odte bonds, the longer the term to maturity,dgheater will be the change
in price with change in YTM.

The percentage price change increases at a dinmgisdite as the bond’s maturity time increases.

The increase in the price of a bond associatedtivtlthanges in the interest rates will be at ardéting rate as the term to

maturity increases.

For a given change in a bond’s YTM, the percenfagee change will béigher for low couponbonds than for high coupon

bonds

Convexity is used for capturing the changes ingwir both large and small shanges in the requiedd.

Relationship between the convexity, coupon, matugtand yield of a bond:

i. the coupon of a bond and convexity are inversdted.

ii.  The maturity of a bond and convexity are directliated.

iii. The yield of a bond and convexity are inverselated.

The determinants of the duration and convexityofation-free bonds are similar and the directioimgfact is also similar.
Therefore, higher the duration of the bond, higherconvexity.

Secured debentures normally carry a fixed or fitmpttharge on the immovable assets of the companyayyof an equitable
mortgage
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Unregistered debentures are freely transferablecandbe transferred by a simple endorsement, windeegistered debentures
can be transferred only by executing a transfed @ filing a copy of it with the company.

Convertible zero-coupon bond is redeemed by alioeatf ordinary shares

Debenture Redemption Reserve has to be createtiebgampany out of its profits to the extent of 50%the amount of
debentures to be redeemed before the date of redemp

In case of debentures with call option, the caiteplis maximum at the start of the effective cadtion

period and declines step-wise towards the facesvaduthe call date approaches the maturity date.

According to Liquidity Preference Theory, spendersp a proportion of their assets as cash baldacesaintaining liquidity.
According to this Pure Expectations Theory, theenirterm structure of interest rates is determimgthe consensus forecast of
future interest rates.

According to the loanable funds theory, interestgan different sectors in the economy can beipted as the theory focuses on
the demand and supply aspects of the funds in anoeay with different sectors like the householdteeahe business sector
and the government sector.

According to the Liquidity Premium Theory, the isters are not indifferent to risk and they chargghér rates than the
expected future rates, if the maturity of the imstent increases.

According to the Preferred Habitat Theory, it ig necessary that the liquidity premium should iasesat a uniform rate with
maturity.

Implied Price

The price computed by a model which considers a comparable benchmark, volatility, and spread adjustment. It is used in the absence of a current market price.

CIR Model cannot be implemented by regressing esestions of bond returns and their durations. Thithe disadvantage in
this model.

Principal Components Models can be used to andaheeeturns of zero-coupon bonds of varying maagito extract a set of
characteristic yield curve shifts, which can berted at each maturity.

Spot Rate Models can be used to identify factoth thie durations of zero-coupon bonds at seveiatpon the yield curve.
Functional Models assume that zero-coupon yielethgbsa are defined continuously in maturity.

The major drawback of effective duration measure is that it is calculated based on the assumption of parallel shifts in
the yield curve. To overcome this an alternative measure used for different types of yield curve shifts is "Key Rate
Duration” popularly referred to as KRD.

KRD can identify the price sensitivity of an option embedded bond to each segment of the spot

yield curve.

The sum of KRDs will be equal to the effective duration.

KRD can capture the influence of multiple market factors on the yield curve movement.

KRD can be used to replicate a portfolio of a buwitth embedded options created with zero-coupon $ond

Duration and Modified Duration

Duration is a measure of the average (cash-weighted) term-to-maturity of a bond. The are two types of duration,
Macaulay duration and modified duration. Macaulay duration is useful in immunization, where a portfolio of bonds is
constructed to fund a known liability. Modified duration is an extension of Macaulay duration and is a useful measure
of the sensitivity of a bond's price (the present value of it's cash flows) to interest rate movements.
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Macaulay Duration

-T2

Modified Duration =

Effective Duration

The modified duration formula discussed above assumes that the expected cash flows will remain constant, even if
prevailing interest rates change; this is also the case for option-free fixed-income securities. On the other hand, cash
flows from securities with embedded options or redemption features will change when interest rates change. For
calculating the duration of these types of bonds, effective duration is the most appropriate.

Effective duration requires the use of binomial trees to calculate the option-adjusted spread (OAS).

Key-Rate Duration

The final duration calculation to learn is key-rate duration, which calculates the spot durations of each of the 11 “key
maturities along a spot rate curve. These 11 key maturities are at the three-month and one, two, three, five, seven,
10, 15, 20, 25, and 30-year portions of the curve.

In essence, key-rate duration, while holding the yield for all other maturities constant, allows the duration of a portfolio
to be calculated for a one-basis-point change in interest rates. The key-rate method is most often used for portfolios
such as the bond ladder, which consists of fixed-income securities with differing maturities.

Option Adjusted Spread

_ Price,

% Daar gl - Delfa)
=112/105 45 =4 51 - 06721 =1 567

spread due to
opticnality

opticn-adjusted

spread = spread —

bond's vield = spread + benchmark wield

_ spread due to | option-adjusted

optionality spread + benchmark yield

The higher the expected interest rate volatility, the lower the OAS. Similarly the lower the expected interest rate
volatility, the higher the OAS.

It is a measure of the yield spread, which can be used to convert differences between the values

and the prices.

It is basically used as a tool to reconcile value with market price.

The cash flows of the callable bond are adjusted to reflect the embedded option; the resulting spread is called option
adjusted spread.

For perfect immunization term-structure should m®upward sloping but it should be flat.
The investment is made in default free bondBuy-aoid- strategy is adopted

There is only a time change in interest rate dutiginvestment horizon.

The duration of a bond is matched with the investinherizon.
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Big Questions

Q.

Two years ago Indian Photofilms Ltd. had issued bonds which have a book value of Rs.5
crores. These bonds carry an interest rate of 12% per annum payable semi-annually and
are redeemable in two equal annual installments, each amounting to 30% of the par value
of the bonds, payable at the end of the last two years of the life of the bonds. These bonds
have a maturity period of 7 years. The yield to maturity on these bonds prevailing in the
market is 10%.

You are required to find out the aggregate market value of the bonds at present.
{12 marks)

Answer

The value of the bond can be found out as follows:
=L VP F
)3 * p

Vo o= Sa+kg /b (kg /2

Since the redemption value of the bond is payable in two equal installments, the first term as well as the second
term on the RHS have to be modified.

Given, F = book value = Rs.500,00,000
1 = 500,00,000 (0.12) = Rs.60,00,000

2 = Rs.30,00,000

k, = 10% = 0.10

k/2 = 5% = 0.05

n = 7-2=175

(Since the bonds were issued two years ago, two years have to be deducted from the maturity period of seven
years).

Zn = 2Zx5=10

V.o = 3000000 PVIFA
+250,00,000 PVIF 5, g,

+ 2,50,00,000 PVIF + 15,00,000 PVIF + 15,00,000 PVIF

(50, 8) (5%, 8) (50, 9) (5%, 10
1500000 1500,000  250,00,000 _250,00,000

30,00.000 PVIFA(5%, 8) + (1.05)° (1050 (1.05)8 (1.05)!0

30,00,000 (6.463) + 15,00,000 [0.645 + 0.614] + 250,00,000 [0.677 + 0.614]

Rs.53,552,500

A bond issued by Greaves Metal Ltd. is selling presently at a face value of Rs.100 and
pays coupon rate at the rate of 13% p.a. in arrears which will be redeemed at Rs.113 after

8.5+

five years. The ‘n’ years spot rate of interest, yn is given by yn(%)= 6 where, n=

1,2 3 4 and 5 The term structure of interest rates is flat and pure expectation theory
holds good.

You are required to calculate

a.  The implied one year forward rates applicable at time t=3 and t=4 .
b.  The value of the bond at time 0.

¢.  The duration of the above bond.

d.  Change in bond price for 50 basis point increase in interest rates.

(3+3+3+3=12marks)
Answer
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a.  We can find the forward rates by f, and f, using spot rate y, , y,. y; ¥, and yg:
{1+ }'4}4 =1+ }'3]3 (1+f3) and
(1+ }'5}5 :[]+}'4]4[]+f4)
For, f,
(L0917y* = (1.09)* (1+ f5)
f,_9.68%
For, f,
(1.0933)° = (LO917Y* (1+£,)
f, =9.97%

b.  The value of the bond at time =0
I3 (PVIF g g, |+ PVIE g g3 o + PVIF g o0 3 + PVIF g g0y + PVIF g 350 5) + 113 5 PVIF g 55, 5

=13(0.920 + 0.844 + 0.77 + 0.704 + 0.640) + 113 x 0.640

12276
e. 100=13PVIFA 4+ 113PVIF, g
r=15%
Duration
Fe £
—xXPVIFA, ~x(l+r)+|1-— [Xn
T . /
0.13 0.13
X PVIFA .., X (L15)+| 1 - X5
= 0.15 o 0.15
=3.34 + 0.67
=4.01 years
D
r /]
(400 4.01
D 4= [ = 1.15 =3.49 years
A 100=-D, x 228
100

=-3.49 years x S0W100=-1.745%

i.e.. 1.745% fall in bond price.
Therefore new price = 100 (1 - 0.01745) = Rs. 98.26
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Mr. Mukherjee is holding two bonds A and B which pay an annual coupon of 6% and 8% and their terms to
maturity are 4 years and 5 years, respectively. The face value and maturity value of the bonds 1s Rs.1000. Spot
rates prevailing in the market as indicated by the vield curve are:

Maturity (Years) Spot rates
1 4.00%
2 5.00%
3 5.60%
4 6.10%
5 6.75%

You are required to calculate

a.  The expected change in the prices of bonds A and B using the duration concept, for a 0.40% change in vield

to maturity.

b.  The one vear holding period refurn on the bonds assunung that spot rates will rise in twelve month’s tume by

0.15%. across the maturity spectrum.

Answer
(This answer has mistakes in calculating duration of A)

Price of the bond B
g0 80 20 20 N 1080

(8 + 2 = 10 marks) = Answer >

Duration of the Bond B

. (]-{]4)._ + (]-05)2 + (]_{]56}3 + (1_{]61); (]_gé?ﬁ}j Year CF Present;:légzgi:;sh flow  Year x PVCF
=76.923 + 72,562 +67.936 + 63.129 + 779.08 1 80 75.075 75.0751
= 1059.63 2 80 70.453 140.907
Yield to maturity of the bond B 3 80 66.116 198.348
80 80 80 20 1080 4 80 62.046 248184
10596 = (1+k) N (1+k)* ’ (1+k)° N (1+1)* ! (1+k)° 5 1080 786.05 3930.27
K=6.56% 1059.7 4592.79
459279
Duration = 1059.7
= 4.334 years
4334
Modified duration =  1+0.0636
= 4.067 years
Change in the price of the bond = —4.06727 x0.40
=—1.6268%
Therefore, price of the bond B will change by 1.6268%.
b. Price of bonds after 1 yr
60 60 N 1060
(1+k) (1+K)Y (1+k)
57.609 + 54.267 +896.32 = Rs.1008.2
1008.2-1000+ 60
One vear holding period return on bond A = 1000 = 6.82%
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Bond B

80 80

80 1080

—+ —+ 4+
(1+k) (1+k)° (1+K° (1+k°
=76.812 + 72.355 + 67.647 + 847 44= 1064 3
1064.3-1059.7+80

One vear holdin

www.hanumant.com

g period refurn =

10597

=7.95%

Consider a 9% bond (face value Rs.1000) redeenztede5 years at a premium of 6%. Currently thados available in
the market at a price of Rs.1124.80.

You arerequired to:

a. Calculate the interest on interest at reinvestmate of 7% and 10% for various possible holgiegod.

b. Calculate expected market price for variousiibs holding period at the reinvestment rate ofai®d 10% and the
capital gain that would arise, if the bond werelsatlthat price.

c. Calculate the total return from bond, classifythe each income on bond, for various possiblgimg period at the
reinvestment rate of 7% and 10%.

d. Interpret the effect of reinvestment rate antttal return.

Answer
2. a.
Reinvestment 1 2 3 4 5
rate
_— 90% FVIFA(%. 1) | 90% FVIFAGg 2 | 90% FVIFA(053— | 90%FVIFAGg 4y~ | 90% FVIFA 706 5—
— (90 % 1) — (90 % 2) (90 * 3) (90 # 4) (90 # 5)
=0 =6.30 =19.34 =39.59 =67.56
10% 90* FVIFA 100, 1) | 90% FVIFA10% 2| 90% FVIFA 100 3— | 90% FVIFA0% 49— | 90% FVIFA 100, 5—
— (90 * 1) — (90 * 1) (90 * 1) (90 * 1) (90 * 1)
=0 =9.00 =27.90 =57.69 =99.46
b. Market price and capital gains @ 7%
At Holding period (Years
reinvestment
rate of 7% 1 2 3 4 °
L. burchase ;. gg 1124.80 1124.80 1124.80 1124.80
price (Rs.)
2. Market
2;‘38 Oaft :L‘Z 90 * PVIFA 3 o+ | 90 ¥ PVIFA gy 5+ | 90 ¥ PVIFA gy 5+ | 90 * PVIFA g 1y+ | 90% 0 +
holding period 1060 * PVIF 705, 4 1060 * PVIF (7063 1060 * PVIF 705, 2 1060 * PVIF 79, 1 1060
(Rs.)
=1113.52 =1101.47 =1088.52 =1074.79 = 106(
3. Capital gain
-11.28 -23.33 -36.28 -50.01 -64.8
(2)-(1) (Rs.)
Market price and capital gains @ 10%
At Holding period (Years)
reinvestment
rate of 10% 1 2 3 4 >
1. Purchasg 1124.80 1124.80 1124.80 1124.80 | 1124.80
price (Rs.)
2. Market| 90% PVIFA 100 4 | 90 * PVIFA (105 3 | 90 * PVIFA (109 2 | 90 * PVIFA (105 1y | 90% O
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price at the] +1060% PVIF +1060* PVIF +1060* PVIF +1060% PVIF | + 1060
end of the (10%, 4) (10%,3) (10%, 2) (10%, 1)
holding
period (Rs.)
=1009.27 =1020.20 =1032.18 = 1045.47 = 1060
3. Capital
gain (2) — (1) -115.53 ~104.60 -92.62 -79.34 —64.80
(Rs.)
c. Total Return
Reinvestment Holding Period ( Years)
rate 1 2 3 4 5
Coupon 90 180 270 360 450
Income
nerest on 0 6.30 19.34 39.59 67.56
7% (YTM) Capital
: -11.28 -23.33 -36.28 -50.01 -64.8
gains
Total 78.72 162.97 253.06 349.58 452.76
return
Coupon 90
income 180 270 360 450
Interest on
10% (YTM) | interest 0 9.00 27.90 57.69 99.46
Capital ~115.53 ~104.60 -92.62 ~79.34 ~64.80
gains
Total ~25.53 84.4 205.28 338.35 484.66
return

d. We can see the combined effect of varying the hglgieriod and, and the reinvestment rate, on tia rteturn. It can
be observed that two opposing forces work on theme A fall in interest rates reduces interest interest, while
increasing the capital gains or decreasing thetaldpss. This is due to the inverse relationshépaeen YTM and the
market prices.

Mr. Nandagopal Reddy is holding two bonds A and iBrvan annual coupon of 7% and 8.5% and their tdomsaturity are 4
years and 6 years respectively. The face valuaratdrity value of the bonds is Rs.100. Spot ratesailing in the market
as indicated by the yield curve are:

Maturity (in years) Spot rates (in %)
1 5.62

6.05

6.30

6.43

6.58

6.72

O O WDN

You arerequired to:

a. Calculate the expected change in the pricesmd®A and B for a 0.75% change in yield to majutising the
convexity concept.
b. Calculate the one year holding period returthenbonds assuming that spot rates will fall inls@emonth’s time by
0.25% across the maturity spectrum.
(10 + 2 = 12 marks)
Answer
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T . 7 . 7 . 1a7
p — (L0562 (D&% (10630)° (10643

P =6.63+6.22 +5.83 +83.40
= Rs.102.08
YTM of the bond A
7 7 7 107

102.08=1+% @+’ -+’ a+n'
AtK = 7%

LHS = 100

AtK = 6%

LHS =103.47

By trial and error method, YTM is 6.40%.

Year | Ck | PV @ 6.4%| PV (CF) “t+t | (4)*= (5)
1) (2) ) (4) (5) (6)
2

1 7 0.9398 6.58 13.16
2 7 0.8833 6.18 6 37.08
3 7 0.8302 5.81 12 69.72
4 7 0.7802 5.46 20 109.20
4 100 0.7802 78.02 20| 1560.40
Total 102.05 1789.56

1 | cR
d
P+t |+

o s |

Convexity =
r 1
L+0F (10647

1789.56* 0.8833 = 1580.72
1330072
Therefore convexity =102.05 = 15,49,
Price change due to convexity = ¥/2Price * Convexity * (Change in Yield)
Therefore Price change for 0.75% change in yield
=1 % 102.05% 15.49% (0.0075%
=4.45%.

Price of the bond B

=0.8853

2.50 2.50 2 .50 2 .50 250 102.50
+ + + + +
p = (10381 (10605 (10630)° (10643)° (1.0658)° (10672)°

= 8.05+7.56+ 7.08+ 6.62+ 6.18+ 73.44= Rs.108.93
Yield to maturity of the bond B

250 2.50 .50 2.50 2.50 108.50

e by s Sy, S

108.93 = Q+Ey (+K)° (1+K)y (1+K)° (1+K)7 (1+K)
at = K=6%

www.hanumant.com



www.hanumant.com

L.H.S. =112.30
at = K=7%
L.H.S =107.18

(112.30 - 108.93)
(112.30-107.18)

YTM = 6%+
= 6.66%.
Year | Ck |PV@ 6.669 PV (CF)| t+t]| (4) (5
1) (2) ) (4) ) (6)
1 |850| 0.9376 7.97 2 15.94
2 |850| 0.8790 7.47 6 44.82
3 850 0.8241 7.00 12 84
4 | 850| 0.7747 6.57 20 131.4
5 |850| 0.7244 6.16 30 184.5
6 |850| 0.6792 5.77 42 242.34
6 100 0.6792 67.92 42 2852.64
Total 108.86 3555.94
1 = CF
! !‘1 "
Convexity = ¥ *9° ga = ﬂ]

1
(L+0% (1.0667)
3555.94+* 0.8789 = 3125.32

=0.8780

Therefore convexity = =28.71.

Price change due to convexity = ¥/2Price * Convexity * (Change in Yield)
Therefore Price change for 0.75% change in yield

=15 % 108.86* 28.71% (0.0075%

=8.79%.

Price of the bonds after one year
Bond A

7 7 a7
+ +

(LOSSTIL (LOSE0)”  (10s0s)
=6.64 + 6.25 + 89.71 = 102.60

10260 -10205+ 7

One year holding period return on bond A= 102.05 = 7.40%.
Bond B
2.30 2.0 2,30 2.30 108,50
+ + + +

(0537) (1.0580)° (1.0603)° (L0618 (.0633)°
=8.07+7.59+7.13+6.69+79.83=109.31

109 31 —-102 86 + .50
One year holding period return = 108 .36 = 8.22%.
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Mr. Prashant will have an annual cash inflow of4R30,000 for four years from the end of three ydays now. Mr. Prashant
wants to invest these receipts in the 10% coupamithg bond of the face value of Rs.1,000, matuifigr 5 years,
redeemable at par value and is currently trad&s#70.

Mr. Prashant has Rs.20,00,000, which he is plantoninvest in zero-coupon bonds of 2 and 10 yeaspectively. Mr.
Prashant wants the modified duration for these zemm-coupon bonds to be same as for coupon bebhond above. The
coupon bearing bond of 2 and 10 years maturity hateeest rate of 6.5% and 9.00% respectively.

You arerequired to calculate the proportion of fund to be investethe 10-year zero-coupon bonds and also thevalce
to be purchased by Mr. Prashant for the same. ¢Asghat the zero-coupon bonds can be purchasékednheoretical price
and the face value is Rs.100).

Answer

Duration of 10% coupon bearing bond:
YTM is ‘rq in the following:
100 PVIFAgs, 5 + 1000 PVIRky,s = Rs.970
If rqis 10%, LHS = Rs.1000
If rqis 12%, LHS = Rs.927.88
Therefore, 4= 10.83%
10
r.= current yield =*™ =10.31%

= PYIFA (L brg) + [1 - ::—‘:i|n
d

Duration = ™
01051 01051
DAY o d e (1108 1= oot |05
_ o dmm T e 33“[ D.IDBB]X

=  (0.9520) (3.7117) (1.1083) + 0.2401
=  4.16 years (approx.)
Modified duration for the bond = 4.16 / 1.1083.7585 years

2-year zero-coupon bond modified duration: 2+(068)=1.8779
10-year zero-coupon bond modified duration: 106(09)=9.1743
Let ‘w’ be the weight of 10-year zero-coupon bonds
((1-w) - 1.8779) + (w - 9.1743) = 3.7535
(9.1743 - 1.8779) - w=3.7535 - 1.8779
7.2964 - w=1.8756
w=1.8756/7.2964 = 0.2571 = 25.71%
Theoritical value of zero-coupon bonds can be doas follows:
100 = p(1.09)°
B-Rs.42.24
O Face value of 10-year zero-coupon bonds

20,00,000
F= 4224  x0.2571x100 = Rs.12,17,329.55
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Consider the following zero-coupon curve:

An investor is interested in purchasing a 5-yeamsdbwith a face value of Rs.100, which deliverspmms in the following

manner:

Maturity (years) Zero-coupon rate (%)
1 5.00
2 5.50
3 5.75
4 5.90
5 6.00

Years Coupon (%)
1-2 8.0
3-4 8.5

5 9.0

You arerequired to

a. Compute the price and YTM of this bond at thespnt term structure and when the zero-coupon cinu@ases
instantaneously and uniformly by 0.5%. Indicate ithpact of this rate rise for the bondholder inthabsolute and relative

terms.

b. Compute the investor's annual rate of returns@mering that the zero-coupon curve remains stalbikr time and the
investor holds the bond until maturity and reingake coupons at the zero-coupon rates.

c. Compute the rate of return earned by the inve#tbe purchases a one-year, two-year and a {ygae zero coupon bond
and sell all bonds after a year. The investor etgobe yield curve to shift to left by 25 basisricacross the zero coupon

bonds after one year.

Answer

a. The price P of the bond is equal to the sum afigsounted cash flows and given by the followingrfala

_ 3 N 8 N 8.5 + 8.5 + 109
d+3%) (+55%° r+5757  q+59%¢  (1+6%”
=Rs11020
YTM on this bond:
3 + ) +8.5+8.j+109
+ +r +r +r +1
1 1+t (407 (40t 1+’
By trial and error, r = 5.95%
If the yield curve rises by 50 basis points, ibg.0.5%, price of the bond:
P 2 N 2 . 2.3 s 2.3 v 109 5
+35%) (1+6%)° (146 25%)7 (1+64%)° (1+6.5%)
= Rs.107 98
YTM on this bond:
# N 8 +E.j+8._‘i+1D9
(1+6 1+ 1+ )t (1]

11020 =

107 98 =

By trial and error, r = 6.28%.

Impact of this rate rise would cause a loss tdothved holder in both absoute and relative terms:

Absolute Loss = Rs.107.98 — Rs.110.20 =-Rs.2.22
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222 x100=-2.014%

Relative Loss =1 10200
b. Annual Rate of Return for the bond holder, ifrbimvests the coupons in the market:

- After one year, he receives Rs.8.00, which meremvest for 4 years at the 4-year zero-couptmtm
obtain on the maturity date of the bond.

8 x (1 + 5.9%)= Rs.10.06

- After two years, he receives Rs.8.00, which hereinvest for 3 years at the 3-year zero-coupttraobtain on
the maturity date of the bond.

8 x (1 + 5.75%)= Rs.9.46

- After three years, he receives Rs.8.50, whicledrereinvest for 2 years at the 2-year zero-couptento obtain
on the maturity date of the bond.

8.5 x (1 + 5.5%)= Rs.9.46

- After four years, he receives Rs.8.50, which &e reinvest for 1 year at the 1-year zero-couptatmobtain on
the maturity date of the bond.

8.5 x (1 + 5%) = Rs.8.925
- After five years, he receives the final cash flequal to Rs.109.
The bond holder finally receives Rs.146.905 fivargdater, i.e.,
10.06 + 9.46 + 9.46 + 8.925 + 109 = Rs.146.905.

146 205
11020

155
[ J -1=5018%,
Annual rate of return =

c. The l-year zero coupon is purchased at (RELXIH) and will be redeemed at par
The 2-year zero coupon bond has been purchags.400/1.054 and will be sold at (Rs.100/1.0525)
The 3-year zero coupon bond has been purchagBs.400/1.057% and will be sold at (Rs.100/1.0575

Now,
100-9533

Return on 1-year zero coupon bond =%323  =5,00%
05012 -29.245

Return on 2-year zero coupon bond = #5.845 =5.75%
aW 41l -E4.559

Return on 3-year zero coupon bond = 24353 =5 750

An analyst is considering an investment in the cétmed products. An investment in a 5-year bonchvii0 warrants per
Rs.10,000 is proposed. The coupon rate for the ®B8b% and the bond is trading at par value ol && Five warrants give
right to buy 1 stock of the company at Rs.200. énity the stock is trading at Rs.320.

You arerequired to

a. Calculate the price of the bond without warraiitthe market indicates a redemption yield fonts of the same quality
and maturity of 12%.

b. Calculate the implicit price of one warrant. &ihe reason for any difference from the intrinsitue.
c. Discuss how price volatility of the share isalted with the pricing of the warrant.

Answer
o5 N 0.3 o5 05 1095

'2+ 3+ 4+ 3 —
a. Price=112 1.12 1.12° 112 112" = 90.98= Rs.91
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b. Because the bond is trading at par Rs.10Qjiffexence in price between Rs.100 and Rs.91 (tatled above in a)
must be due to the warrants. With 50 warrants Eet@00 nominal value, the implicit cost per watra is
10000*(100%-91%)/50 = Rs.18. This means that 1aralhe underlying stock with strike 200 costs 9Ms. (5
warrants are needed). Since the stock is tradiB@@tthe intrinsic value of the call is 120. Téfere the warrants seem to
be undervalued.

The reasons for the undervaluation:

1. Theyield of 12% is wrong and should be highe

2. The warrants may be of European style afmtiween the company may have paid large dividamtl a
therefore the price of the warrant already distsu
c. As the price volatility of the underlying shanereases, the premium of the warrant also ineed3ecause the
investors are ready to pay extra for such warrduésto speculative reasons, their expectancy oéase in prices of

underlying stock also increases, which lures thepurchase such warrants.

Mr. Ravi Jain estimates that there will be semitmircash outflows of Rs.25,000 for a period of ¢hamd half years, the first
payment of which will commence from the end of tarw half years from now. There is a cash outflolRef1,20,000 at the end
of sixth year from now. The cost of debt for simiteebt in the market is 13%. Mr. Ravi Jain is cdesing immunizing the cash
flows by investing in the two bonds i.e., Lakshmefells Ltd. (LML) bond and Government of Gujarat (Gbond. LML bond
is a 12% semi-annual coupon bearing bond with a fedue of Rs.100, maturing after 6 years, redetsratba premium of 5%
and is currently trading at Rs.106.94. Whereas @Ol is a Zero coupon bond with a face value R€ 108turing after 7 years
and is currently traded at Rs.630.17.

As an analyst, you arerequired to determine the proportion of funds to be investeby
Mr. Ravi in the LML and GOG bonds such that hismpants are immunized.

Answer

Duration of outflows:
Therefore duration can be calculated for the feiifg liability as under:
YTM = 13% (6.5% for semi-annual)

No. Cash outflow | PVIF @ 6.5%

1) (2) (3) L*3)
5 25000 18247.02 91235.10
6 25000 17133.35 102800.12
7 25000 16087.66 112613.59
8 25000 15105.78 120846.24
9 25000 14183.83 127654.48
10 25000 13318.15 133181.51
11 25000 12505.31 137558.37
12 120000 56361.94 676343.31

162943.04 1502232.71]

Therefore, Duration = 1502232.71/162943.04 = 9.224i.61 years
Duration of Inflows:

LML bond:

Firstly, we have to calculate the YTM for the bond

106.94 = 6 PVIFA(12,i) + 105 PVIF(12,i)

By trial and error, we geti=5.5%
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Period Cash outflow | PVIF @ 5.5%
1) (2) 3) 1)*(3)
1 6 5.69 5.69
2 6 5.39 10.78
3 6 5.11 15.33
4 6 4.84 19.37
5 6 4,59 22.95
6 6 4.35 26.11
7 6 4.12 28.87
8 6 3.91 31.28
9 6 3.71 33.35
10 6 3.51 35.13
11 6 3.33 36.62
12 111 58.38 700.61
106.94 966.09

Therefore, Duration = 966.09/106.94 = 9.03 i.e24y8ars
GOG bond:

Duration for GOG bond will be same as its matuaityit is zero coupon bond. Therefore, duratio®0fG is 6 years.
Now, to immunize the payments, duration of investin= duration of liabilities.
Let proportion of funds to be invested in LML bolpel x.
Then, the duration of investment =xx.52 + (1 —x) 6
As duration of investment = Duration of liabilgie
452x - 6x+6=4.61
Therefore, x = 94%
Proportion of funds in LML bond = 94% and GOG ben@%

Mr. Biswajit expects that there will be annual cashflows of Rs.1,20,000 for five years, startingni end of the second year
from now. Mr. Biswajit wants to immunize the liabjland is actively considering the following tworxs:

Bond A : A zero-coupon bond with a face value R¥Q, maturing after 6 years and is currently tngdit Rs.506.63.
Bond B : 9% coupon bearing bond with a face vaiRs.1,000, maturing after 4 years, redeemabpmatalue and

is currently trading at Rs.908.86.
The yield curve is expected to be stable in trer iigture.

You arerequired to

a. Determine the proportion of funds to be investetthe bonds A and B so that the liability of NBiswajit is
immunized.
b. If the interest declines by 1%, estimate theradt rate elasticity and interest rate risk asgediwith the bonds.
c. State whether the proportion of investment rememded in (a) above offer perfect immunization also give
conditions to be fulfilled for perfect immunization
Answer

YTM to be found out by solving any of the bond bgltand error method. Therefore YTM=12%

a. Duration of outflows:
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Cash outflows| PVIF@ | PV.Rs.| Proportion| (1)x
Rs. 12% of (5)
Year (4) in total
PV

1) (2) 3) (4) 5) (6)
2 1,20,000 0.7972 95,664 0.2477 0.4954
3 1,20,000 0.7118 85,416 0.2212 0.6635
4 1,20,000 0.6355 76,260 0.1975 0.7898
5 1,20,000 0.5674 68,088 0.1763 0.8815
6 1,20,000 0.5066 60,792 0.1574 0.9444
3,86,220 3.7746

e Duration of bond A:
As it is zero coupon bond, its duration is edoatears to maturity = 6 years.

» Duration of Bond B:

YTMis " in the following:

90 PVIFA,, , +1000FVIE,, , = 908.857
Lry =12%

i 0.09%0

s =Current yield 908.86

=% ppERA, (A4 r) +[1- 12
Duration "2 Ta

_ 003590 0.0%90

FVIE 1.129+[1- w4
- EVE A (L12)+1- =]

= 3.5065 years
To immunize the payments, duration of investmebiuration of liabilities
Let proportion of funds to be invested in bondé>h Then, the distribution of investment
= 6(X) + 3.5065(1- X)

As duration of investment = Duration obiiigties

6X + 3.5065 — 3.5065X = 3.7746

X =10.75% and 1 — X = 89.25%

Proportion of fund in Bond A = 10.75% and Bond B%25%.

b. Bond A:
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Duration = 6 years

D £
Eo I+E,

6212 5 eang
1.12

IE =

ap ariid
{—”} = IR, {ﬁ} _ 0 6anox PO g aee,
Interest rate risk = #0 0.12
Bond B:
Duration = 3.5065 years
3 5065% 012 _ (3757
IE = 1.12
0.01

=0 3757x —— =73 131%
Interest rate risk = 01z

b. Proportion of investment recommended in (a) wil giving perfect immunization only if the
following assumptions hold good:

i.  There is no default risk of the bonds.
il The buy and hold strategy is adopted by thesgtor.

iii.  There is no instantaneous change in intera&st during the investment horizon.
Iv. The term structure is flat.

Mr. Suresh, a high income and high net worth ines evaluating the following three alternatives fnvesting his surplus
funds for medium to long-term period.

I.  Secured, redeemable and non-convertible bomnelsissued by Infrastructure Development Corporatsnper the
following terms:

Date of Face value Issue price
. and maturity P Annual Coupon rate Maturity date
issue (Rs.)
Value (Rs.)
01.04.2005 1000 983 Prime Lending Rate + 0.6% 32008
The following interest rates materialize on theiaas reset dates:
Reset dates 31.03.2005 31.03.2006  31.03.2007  20@B. | 31.03.2009
PLR (%) 10.25 10.05 9.80 9.60 9.50

Tax rate applicable is 30%.

II. IDBI Flexi bonds came out with an issue ofatiant bond. Each bond having a face value of RE.6&8 issued at a
discounted price of Rs.5000 with a maturity peradéd years from the date of allotment. Assume abkxefit of 15%
on the invested amount.

You arerequired to:
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a. Find out the coupon rate of bond issued byastfticture Development corporation assuming theg Eupectations

Hypothesis holds good.
b. Find out the post-tax YTM of the bond issuedrdyastructure Development Corporation.

c. Find out the post-tax YTM of the IDBI Flexi b
d. Evaluate both the alternative investments for 8tiresh.
Answer
a.
Year Expected annual PLR Loading Coupon rate
(%) (%)
2005- 10.25% 0.5% 10.75
06
2006- | [(1.1005f +1.1025] -1 0.5% 10.35
07 =9.85%
2007- | [(1.098) =+ (1.1005f] -1 = 0.5% 9.8
08 9.3%
2008- | [(1.096)f + (1.098)] -1 = 0.5% 9.5
09 9%
2009- | [(1.095f =+ (1.096)] —1 = 0.5% 9.6
10 9.1%
b.
Year | Coupon Taxoncoupon @| Post-tax Cash
30% flow
2005- | 107.5 32.25 75.25
06
2006- | 103.5 31.05 72.45
07
2007- 98 29.40 68.60
08
2008- 95 28.50 66.5
09
2009- 96 28.80 67.2
10

Now, Post-tax YTM for Infrastructure Developmédrporation:
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7525 7245 . 60 6650 106720
= + 7T 7+ N 3
(1+&) (1+&)y (1+&£)7 (1+£)7 (1+4&)

Solving, by trial and error we get Post-tax YTM A47%

c. Tax benefit on invested amount = 5000(15%) =7%8.
Maturity amount = 6630
Therefore, Actual investment amount = 5000 — 73250

- 42500 +PTMY = 6630

S YTM =9.3%

d. While investing in the bond, one should beanind that investing in a bond exposes to
price risk and interest rate risk. The interage may change which will  affect the YTM.
The bond’s price may quote at discount to fadeeravhich exposes one to price risk.

When we compare the YTM, IDBI Flexi bond scoraghbr. So in the above investment
alternatives, IDBI Flexi bond is the better atiztive.

Following are the yields on zero coupon bonds:

Maturity (Years) | YTM

1 10%
2 11%
3 12%

Assuming that the expectation hypothesis of teroctitre holds good, you arequired to

a. Calculate the implied one-year forward ratesfaizkes of the zero coupon bonds having a facesvalirs.1,000.

b. Calculate the expected yield to maturities arideg of one year and two year zero coupon bondseaend of first
year.

c. Calculate expected total return on the two bpifdgou have purchased two-year and three-yeas zeupon bonds
and held for a period of one year.

d. Calculate the current price of a 3-year bondritaa face value of Rs.1,000 with a coupon ratg&18bh. If you buy this
bond at the current price and hold for one yeagtigthe expected holding period return?

Answer
2. a We can calculate forward rates by calculatimgptice of zero coupon bonds
Maturity YTM Price Forward rate
1 10 1,000 -
E =909.09
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2 11
1,000 (1117
>
(1.11) =g11.62 1.10 -1=12.01%
3 12
1,000 .12y
3
(12" =711.78 (1117 _ 1= 14.03%

b. The next year's prices and yields can be cafedl by discounting each zero’'s face value at ohewdrd rates for the
next year that we have calculated in part (a)

Maturity Price YTM

1 year 1,000 12.01%

(1.1201) = g92.78

2 year 1,000 13.02%

(1.1201) x (1.1403 - 785 93

1,000

c. Next year, the 2 year zero coupon bond willlbgear zero coupon bond and will therefore sell &t201 = 892.78.
1,000

Similarly, the current 3-year zero coupon bond Wéla 2-year zero and will sell &-1201)x (1.1403 = 7g5 93,
Expected total return

892.78
2-year bond = 811.62—1 = 9.99%4110%
3-yearbond = -1 =  9.99%40%

d. The current price of the bond should equal #leesof each payment times, the present value df Rsbe received at
the time of maturity. The present value can beutated in the following manner:

=109.09 + 97.39 + 797.19
=Rs.1,003.67

Similarly, the expected price after 1 year can dleuated using forward rates.

=107.13 + 876.88 = 984.01
Total expected return

120+ 984.0% 1, 003.6y
1,003.67 = 9.99%[110%

Q. India Plastics Ltd. have recently issued the flugitiate bonds. The details of the issue is giveteun

Face value and| .. | J
Date of issue maturity value I Coupon Rate Maturity Date
(Rs.) (Rs.)
Annual Prime Lending Rate + 0.65%.
1.04.2004 1,000 950 However minimum coupon is limited to | 31.03.2009
10.0%

The term structure of Prime Lending Rate (PLR)difierent maturity is given as under:
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31.03.2009
10.15

032008
10.00

31.03.2007
9.55

31.03.200¢
9.15

31.03.2005
9.00

Maturity as on
PLR (%)

Considering that the Pure Expectations Hypotheslids good, you areequired to

a. Calculate YTM for the bondholder who has relgeoeen allotted India Plastic bonds at issue price

b. Estimate duration of the Floating rate bond.

Answer
a.
Year Expected Annual PLR Lo(eof)ing -200;)‘;1' Effective (;Supon Ratg
2004-05 | 9.00% 0.65 9.65 10.00
2005-06 | [(1.0915f + 1.09] — 1 =9.30% 0.65 9.95 10.00
2006-07 | [(1.0955) + (1.0925§] — 1 = 10.15%| 0.65 10.80 10.80
2007-08 | [(1.10)* + (1.0955§] — 1 = 11.36% 0.65 12.01 12.01
2008-09 | [(1.1015f + (1.10f]— 1 = 10.75% 0.65 11.40 11.40
Therefore, YTM denoted liycan be found out from following expressions
100, 100 . 108 = 120.1 114 10(
950 = Ll+tr (@+r)y @+r) (@+r) (@+ry
Consider, r=12%; R. H. S. =954.3
At r = 13%; R.H.S. = 920.00
954.3- 950
ie., r = 12+954.3- 920
= 12.125112.13%012%
b.
Year C.F PV. of C.F (12%) PV.of C.F. xn
1 100.00 89.1822 89.1822
2 100.00 79.5346 159.0693
3 108.00 76.6052 229.8156
4 120.10 75.9724 303.8895
S 1114.00 628.458 3142.289
949.752 3924.245

3924.245

Duration of Floating rate bond 949.752 = 4.13 years

Q. Mr. Jaypal works as a middle level manager in aliP@ector Undertaking. His gross total income &5300,000 p.a. He
wants to avail the benefit of tax rebate (@15 %Jarnsection 88 of the Income Tax Act, by investivg2,00,000 in the
Tax Saving Bonds issued by the ICICI Bank. He apphes you for your advice. Options available to déiypal in respect

of Tax Saving Bonds are:

Option

Issue Price
(Rs.)

Face Value
(Rs.)

Tenure

Interest (%)
(p-a.)

Interest
Payable
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| 10,000 10,000 4 years 5.65 Annually
Il 10,000 10,000 6 years 7.00 Annually
1] 10,000 14,750 4 years 9 monthg DDB* DDB*
v 10,000 17,800 6 years 9 monthsg DDB* DDB?*

* Deep Discount Bond
The marginal tax rate applicable to Mr. Jayp&Qspercent.
You arerequired to

a. Determine the post-tax YTM for the four opticmgilable to Mr. Jaypal. Assume that the inteissbme is tax
exempt.

b. Suggest an option, if
i.  The yield curve is upward sloping.
i. The yield curve is downward sloping.
iii. The yield curve is flat.
Answer
OPTION — |

Intrinsic value or present value of the bond
=  Coupon amount PVIFA(i, n) + (Face value of the bond) PVIF (i, n)

where,
Coupon amount = F¥lInterest rate
= 10,000< 5.65%
= Rs.565
i=YTM
n=4yrs
O Net investment in the bond = Rs.10,000.85 (Since 15% tax rebate is available)
= Rs. 8500
Therefore
8500 = 565« PVIFA (i,4) + 10,000x PVIF (i,4)
ati =10%
RHS =8621.11
ati =12%

RHS =8071.30
by interpolation

8621.1+ 8500
= 10% + (2)8621.1F 8071.

= 10 +(2) (0.0.2202)
=10 + 0.4406
=10.4406%
OPTION- Il
Intrinsic value or present value of the bond
=  Coupon amount PVIFA(i, n) + (Face value of the bond) PVIF (i, n)
where,
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Coupon amount = FW¥lInterest rate
= 10,000< 7.00%
= Rs.700
i=YTM
n=6yrs
O Net investment in the bond = Rs.10,600.85 (Since 15 % deduction)
= Rs. 8500

00 8500 = 700x PVIFA (i,6) + 10,000 PVIFA (i,6)
for arate of i = 12%
RHS =Rs.7944.33
For a rate of i = 10%
RHS= Rs.8694.39
O By interpolation
8694.39- 8500
10% + 2%x 8694.39- 7944.3
10 + 2x 0.2592 = 10.5184%
OPTION —1II
Net investment in the bond = Coupon amouRVIFA (i,n) + Face value PVIF(i,n)
8500= Ox PVIFA (i,4.9yrs) + 13000 PVIFA (I, 4.75 yrs)

1

.\4.75yrs
8500 = 14750 (1*+1)

(1+1)""~ 1475018500 = 1.7353
1=12.3%

OPTION IV

According to the given values

17800
8500 = (1+1)""

1+ .\6.75
(1+1)"" = 17800/8500 = 2.0941
| = 11.57%

i.  When the yield curve is upward sloping, icates that the expected interest rates in thedwre higher. Hence
in such situations it is advisable to invest inrsherm bonds and reinvest the amount at a higiterin future.

Hence the bond option | with least maturity of 4ngeis suggested.

ii.  When the yield curve is downward sloping ,itlicates that the expected interest rates in thadutre lower.
Hence in such situations it is advisable to ihve$ong term bonds. Because when the interessrate expected
to decrease it is advisable to lock the investnieriong term investments. Hence the bond optignwith

highest maturity 6 years 9 months is suggested.

i When the yield curve is flat, it indicates thtae interest rates are expected to remain asdhee level. Hence in
such a situation it is advisable to choose a bt with highest yield to maturity. Hence the Hawption 111

with highest YTM of 12.3% is to be selected.
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Q. Mr. Reddy is holding two bonds A and B with an aaincoupon of 6% and 8% and their terms to matuity 4 years and 6
years, respectively. The face value and maturéluer of the bonds is Rs.100. Spot rates prevailinthe market as
indicated by the yield curve are:

Maturity (Years) Spot rates
1 3.40%
2 3.55%
3 3.80%
4 4.20%
5 4.55%
6 4.80%

a. Using the duration concept, calculate the exggechange in the prices of bonds A and B for a%.8bange in yield
to maturity.

b. Calculate the one year holding period returnthenbonds assuming that spot rates will fall ieltw@ month’s time by
0.25%, across the maturity spectrum.

Answer

6 , 6 . 6 106
p = (1.0340) (1.0355f (1.0380) (10420,

P =5.803 + 5.596+ 5.365+ 89.916

= Rs.106.68
YTM of the bond A
6 6 6 106
+ + +
106.68= (1+K)'  (1+k)"  (+k) (kY
At K = 4%
LHS = 107.26

Hence YTM is approximately 4%.
Duration of Bond A

P.v.of C.Fat YearxP.V.
Year C.F 4% of C.F
1 6 5.77 5.77
2 6 5.55 11.10
3 6 5.33 15.99
4 106 90.61 362.44
107.26 395.30
395.3
Duration =107.26 = 3.685 years
3.685
Modified duration =1+-04
= 3.54 years
For a 0.50% increase in YTM change in the pricthefbond A

4P
P =-354x0.50
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=—-1.77%.
Price of the bond A will decrease by 1.77%.
Price of the bond B

&8 8 8 8 8 108
p = (1.0340j (1.0355) (1.0380) (1.0420) (1.0455)(1.0480)

= 7.737 + 7.461+ 7.153+ 6.786+ 6.404+ 81.51841 R&06
Yield to maturity of the bond B

8+8+8+8+8+108
1708 = @K ark)? @k @kt ak)® @k )P
Or
117.06 = 8 xPVIFA (K6) + 100 x PVIF (K 6)
at = K=5%
L.H.S.=115.21
at K=4%
L.H.S =120.94.
(120.94- 117.06
VIM = a0+ (120.94 11521
= 4.68%.
Duration of the Bond B
Year C.F Present value of cash flowYear x PVCF
at (4.68%)
1 8 7.642 7.642
2 8 7.301 14.602
3 8 6.974 20.922
4 8 6.662 26.648
5 8 6.365 31.825
6 _ 108 82.08 _ 49248 |
117.02 594.119
594.119
Duration = 117.02
= 5.077 years
5.077
Modified duration = 1%-0468
= 4.850 years
Change in the price of the bond = -4.850 x 0.50

=—2.425%

Therefore, price of the bond B will decline by25%.
b. Price of the bonds after one year

Bond A
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6 6 106

+ +
(10315} (1.0336§  (1.0355)
= 4.85 + 4.60 + 94.70 = Rs.106.91

106.91 106.68 |

One year holding period return on bond A= 106.68 =5.84%
Bond B
8 8 8 8 108

+ + + +
(1.0315) (1.0330f (1.0355) (1.0398) (1.0430)
= 7.756 + 7.497+ 7.205+ 6.852 + 87.5= 116.81

116.8+ 117.06
One year holding period return= 117.06 =6.62%

Vishnu Ceramies Ltd 15 planning to 1ssue floating rate bonds with 6-year maturity on 1.12.2006.
The face value of the bonds is Rs.1,000 and the issue price is Rs.985. The coupon rate of the bonds
1s determuned each vear by loading 2.5% to the rate obtamed from the following prices of zero-
coupon bonds as of 1.12.2006:

Maturity date Price of the bond (Rs.)
1.12.2007 943 40
1.12.2008 898 47
1.12.2009 847.62
1.12.2010 79216
1.12.2011 75435
1.12.2012 728.76

The coupon rate is restricted to a maxinmumn of 9%, and it is assumed that the pure expectations
hypothesis holds good.

You are required to
a.  Compute the YTM of the given floating rate bonds.

b.  Compute the price of the bonds for a 0.5% change in the YTM of the bonds i both directions
using the duration conecept.

c.  Find out the effective duration of these bonds for a 0.5% change in the YTM of the bonds.
What is vour conunent on the effective duration and modified duration?

(4+5+2=11 marks)
Answer
a.  YTM of the bonds:
First we need to compute the coupon rates during the six years:
Maturity | Price of the Interest Expected Interest Loadmg | Total | Coupon
date bond (Rs.) rate! (%) rate (%) (%) (%) (%)
1.12.2007 94340 6.00 2.5 8.50 5.50
1.12.2008 598 47 5.50 1.0557/1.06 — 1 =500 2.5 7.50 7.50
1.12.2009 547.62 5.67 1.0567°/1.055°-1 = 6.00 2.5 8.50 5.50
1.12.2010 792.16 6.00 1.06%1.0567°-1=7.00 2.5 950 9.00
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1.12.2011 75435 5.80 1.058°/1.06%-1=5.00 2.5 7.50 7.50
1.12.2012 728.76 541 1.0541%1.058°-1 =348 2.5 598 598
1 For a zero coupon bond, Price = Face value/(1+r)"
YTM of the bonds:
85 75 85 a0 75 . 1.059.8

-+ —+ -+ — 4 - -
ogs= (1+1) (1+1)° 1+ 1+ (1+1 (1+1)
“r” 15 the YTM m the equation and it can be found out by trial and error.
Forr=8%, RH.S=Rs.995.53
Forr=9% RHS=Rs951.17
~ 99553-9585.00 _ )
8% +——=8%+024% =824%
Therefore YIM = 99553-951.17

In order to compute change m the price of the bonds for a specified change in YTM, we need to first
compute the duration of these bonds:

Tear [ Cashlow [PV ol Tow | 041 ) x ol 3
1 85 78.53 78.53
2 75 64.02 128.04
3 85 67.03 201.09
4 o0 65.57 26228
5 75 5048 25240
[ 10598 659.02 3,954.12
98465 487646
4,876.46 )
— =495 years
Duration = 984.65
D 4.95 .
— = ———— =457 years
Modified duration = 17y 170.0824

Now, for 0.5% increase in YTM, change in price of the bonds:
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AP
P
=457x05=-2285%
Price of the bonds =985 (1 —0.02285) = Rs.962 49

For a 0.5% decrease in YTM, change in price of the bonds:

._.3P
— =-D_, x4y
P
=-457Tx-05= 2285%
Price of the bonds =985 (1 +0.02285)=Rs.1,007.5

Effective duration:

=-D_, xAy

_ BP
2P, (Ay)

aff

where,

P, = the estimated price of the asset after a downward shift in the mterest rates
P; = the estimated price of the asset after an upward shift in the mterest rates
Py = current price of the bonds

Ay = change 111 the yield
1.007.5 - 962.49
2x985x 0005

Comment: Since there is no call option embedded in the bonds, the effective duration is same as
modified duration.

- = 4.57 years

Mr. Manish, an analyst, is very much concerned about the continuous movement of the interest rates. One
of hus clients, Mr. Amish would like to put a fixed part of his investible funds in fixed income securities.
Hence, Mr. Manish is currently analyzing two recently issued bonds, the details of which are as follows:

Particulars Bond A Bond B
Maturity 5 years 5 years
Coupon 9.50%p.a. 10% p.a.
Feature Non-Callable | Callable
Call date — 3 years from the date of 1ssue
Issue price Rs.950 Rs.1000
Face value Rs.1000 Rs.1000
Periodicity of mnterest payment | Annual Senuannual
Call price — Rs.1100

You are required to calculate

a.  The effect on the price of Bond A for a 50 basis points decrease in the market inferest rates.

b. Duration to call of bond B.

Answer
a.

(6 +4 =10 marks)
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YTM for Bond
950 =95 x PVIFA(K%,5) + 1000 x PVIF(K%, 5)
At the rate of 10% R.H.S = 981.03
At the rate of 12% R H S =909 86
By doing mterpolation YITM = 10.87% p.a.

Duration of Bond A

www.hanumant.com

Period | CF | PVIE@10.87% | PV(CF) | n x PV(CE)
1 95 0.902 85.69 85.69
2 95 0.813 77.24 15448
3 95 0.734 69.73 209.19
4 95 0.662 62.89 251.56
5 1095 0.597 653.72 32686
949 27 3969 52
3969.52
Duration= 94927 = 418 years.
MD of Bond A
D 418
MD = 1+01087 = 1.1087 =3 77
—50

% Price Change =—3.77 » 100 =1.885% (increase)
Yield to call for Bond B
50x PVIFA(K%.6) + 1100 = PVIF(K %, 6)

1000

At the rate of 6% R.H.S. = 1021.37
7% RHS =971.26
By. doing mterpolation, YTM = 6.43% half vearly
Duration to call for Bond B

Period | CF PV@6.43% | PVCF | PVxn

1 50 0.940 47 47

2 50 0.883 44.15 | 85.30

3 50 0.829 41.45 124.35

4 50 0.779 38.95 155.80

5 50 0.732 36.60 | 153.00

6 1150 | 0.688 791.20 | 4747.20
99935 | 5345.65

5345.65

Duration to call = 999.35 =5 35 half yearly period. 1.e 2.67 years.
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Q. Briefly explain the various types of commonly usd duration measures.

Some of the durations, which are commonly usedasender
Macaulay Duration
This duration is calculated as the “present-valeggimed time to receipt of cash flows,” which isywh
it is quoted in “years.” Each cash flow “time” iauttiplied by the present value of the associateshca
flows and then the sum of all of these terms isddigt by the sum of the present values.
Modified Duration
It presented a proof of the relationship betweemiiion and bond price changes. Modified duratioa is
measurement of the change in value of an instrumerssponse to a change in interest basis (payment
frequency). This "modifies" Macaulay duration. Tieationship of duration and price volatility caa b

expressed as follows:

Percentage price change = -Modified duration x@ange x 100
Key Rate Durations (Partial Duration)
Measures the price sensitivity of a bond (or afpbat of bonds) to changes in specific parts of the
yield curve.
Spread Duration
A measure of the percentage price change to a eharige spread (OAS) of a bond. This is a very
important duration measurement for floaters.
Empirical Duration
Empirical duration was developed to deal with hbe $ecurity has been trading insteadstiimating
how a security will trade. In other words, it ugstorical measurements that calculate actual price
changes and changes in the level of the markettsare how the security is actually performing.
Constant Dollar Duration
Constant dollar duration measures duration for réesiin particular price ranges and is mainlydise
mortgage-backed securities.

Portfolio Duration
The price sensitivity of an entire portfolio asaggregated unit, versus the weighted average geiesitivity of each individual security.

Q. ‘Both Modified Duration and Effective Duration aitee ratio of the proportional change in bond vatue
the parallel shift of the spot yield curve.’ Soitisorrect to assume that both these measuresabmglated
the same way and both can be used interchangeatdgtimating the price change? Discuss.

Answer
Both Modified Duration and Effective Duration aletratio of the proportional change in bond vatuthe
parallel shift of the spot yield curve. They bottiimates bond price changes.
Duration estimates bond price changes by the e dollowing formula

Percentage price change = (Modified duration) (Clean yield)

Thareafion
Modified duration = ! +¥7f

Where, y = YTM in decimal form and f = frequendydiscounting
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The formula for calculating effective duration is,
Pl
Effective duration =>F™)
P,= The estimated price of the asset after a downwiaiftlin the interest rates

P.= The estimated price of the asset after an upwfaiftlin interest rates
Po= The current price of the asset

&% = The assume shift in the yield

The difference between the two is that modifiedation can only be used for fixed-rate bullet
securities. The derivative of bond price volatiligfative to yield changes that result in the “nfiedi
duration” formula has embedded in it the assumptian the cash flows of the bond do not change as
rates change. This means that modified duratiomdita is inappropriate for any bond where the cash
flows change as interest rates change. Effectivatiim takes into account these changes in caslsflo
of the bond. Effective duration makes it possiblatrive at negative duration or durations longent
maturity of the asset both, which are not possibte modified duration. It also takes into accotimg
changes in the value of bond due to the embeddiohap the bond. Effective duration requires the
use of an interest rate model and correspondirog pniodel that will help in determining the prices f
the asset when interest rates and cash flows change

Q. According to the caselet, Bond ETFs differs froomBd.adders. Discuss. Also state the disadvantatgshad with Bond
ETFs.Bond ETFs are given priority over Index Funds. Dssc

The liquidity and transparency of an ETF offers amtages over a passively held bond ladder. BondsEJffer instant
diversification and a constant duration, which nmgean investor needs to make only one trade to iged-income portfolio up
and running. A bond ladder, which requires buyimdjividual bonds, does not offer this luxury. Oneadivantage of bond ETFs
is that they charge an ongoing management fee.eMthiver spreads on trading bond ETFs help offsstdbmewhat, the issue
will still prevail with a buy-and-hold strategy avthe longer term. The initial trading spread adage of bond ETFs is eroded
over time by the annual management fee.The secsadwhntage is that there is no flexibility to aeeaomething unique for a
portfolio. For example, if an investor is lookingr fa high degree of income or no immediate incotralabond ETFs may not be
the product for him or her.

Bond ETFs and index bond funds cover similar inglicese similar optimization strategies and havelaimerformance. Bond
ETFs, however, are the better alternative for tHoseking for more flexible trading and better treasency. The composition of
the underlying portfolio for a bond ETF is availatdaily online, but this type of information ford@x bond funds is available
only on a semi-annual basis. Furthermore, on topeaig able to trade bond ETFs throughout the datye traders can enjoy
the ability to use margin, sell short and tradea® on these securities.

Q. Explain the effect on the price of a call optionda callable bond compared to a non callable baril,
respect to changes in the interest rate.

Answer

The sensitivity of the price of the callable bondhe change in the interest rate depends on tegels in
the components of the callable bond to the chaimgéhe interest rates. The price volatility of anacallable
bond to the changes in the interest rates depaends duration. If interest rate rise, the pricele non-
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callable bond will fall and the price of the cafitmn also will fall. The decline in the price dfet call option
is because it becomes less valuable as interestisat The decline in the call price will redube price of
the callable bond too but the impact of the interate rise on the price of the non-callable bomtlhve
greater than that on a callable bond. When thedsteates fall, both the price of the non-calldimed and
the price of the call option increase. This wilusa the price of a callable bond also to increasédia

lesser extent.

Q. How is option adjusted duration defined? Exptamimportant factors influencing option adjusted
duration.
Answer
Option Adjusted Duration is the modified duratiohaobond after adjusting for any embedded optidynalihe Option Adjusted
measure of duration takes into account the fadtyieédd changes may change the expected cash fibwe bond because
of the presence of an embedded option, such aéar qat. Option-adjusted Duration is defined akdws:
Price

NI Dagy gl - Delted)
Lrice g

Option-adjusted Duration
Where,

Priceycs =Price of a non-callable bond
Pricece —Price of a callable bond

Drreee =puration of the non-callable bond
Delta  =Delta of the call option

Note that the delta of a call option measures émsisivity of the option price to the changes ia th
price of the underlying asset. The delta value cdlaoption lies between 0 and 1.

Important factors influencing option-adjusted dimatare:

a) The ratio of the price of the non-callable bondhe price of the callable bond. But these two
prices are influenced by the price of the call @ptiHence the higher the price of the call
option, the higher the value of the ratio. Thusi@ptdjusted Duration is indirectly dependent
on the price of the call option.

b) The duration of the corresponding non-callable bond

c) The delta of the call option.
The Option-adjusted Duration of a deep discoulilol® bond is the same as the duration of a non-
callable bond. The Option-adjusted Duration ofenpum callable bond in which the coupon rate is
significantly higher than the current market yieaero.

Q. Low interest rates and a flat yield curve are hathl to the growth of domestic economy. While #hepe of any yield curve

is a function of numerous fiscal and monetary fegstperceptions play a very important role in shgghe empirical yield

curves. Using pure expectations theory, explairugheard sloping, inverted and flat yield curves.

Answer

Low interest rates and a flat yield curve both\atal to the growth of domestic economy. While #f@pe of any yield curve is a
function of numerous fiscal and monetary factorstcBptions play a very important role in shaping #émpirical yield
curves.
Pure Expectations Theory tries to explain the pheama regarding the existence of different shapegsetif curves.
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According to Pure Expectations Theory, the curtenh structure of interest rates are determinethbyconsensus forecast

of future interest rates. This can be understooddnsidering the following hypothesis through whigh can understand
how the perceptions of investors regarding therésterates shape the yield curve.

r0.1 rn.2

Year 0 Year 1 Year 2

r0.2
At time O there is short term interest rate rOpfl rhoney borrowed in year 0 and repayable in ye@hdre is also a long
term interest rate r0,2 for money borrowed in y@and repayment in year 2. Linking these two rédesn unobservable
“forward “ that is expected to prevail in year I fmoney to be borrowed then for repayment in yeamzZerms of this
forward rate, one can write the arbitrage condiien

(1 +r0,2f = (1+r0,1) (1+r1,2)

This says the total money (principal plus interespaid in year 2 should be the same whether theeyns borrowed long-
term at r0,2 or borrowed short-term at r0,1 anah threlled-over” in year 1 at the then prevailingostiterm rate r1,2 .The
same condition holds for the investor also. Thetatpe condition says that the investor must béffgnt between these
two alternatives.

Here we try to explain the shaping of yield curvighwespect to the above theory by consideringféfliewing example of
three different situations.

If one year interest rate is 15% (r0,1 = 15%) but

(i) is expected to go up t020%(r1,2=20%) at the efhoine year
(i) is expected to fall down to (r1,2 = 10%)

(iii) is expected to be the same.

Hence considering the first situation

(i) (1+r0,2F = (1+0.15)(1+0.20% (r0,2)= 17.5%

That is, an investor will opt for one year securigw only when he is certain that the interest edter one year is greater
than the interest rate on two year security.

An upward sloping Yield curve according to thisdheindicates that the investors expects that mberést rates going to
rise.

Upward sloping curve

a—o —=<

Maturity
(i) (1+r0,2F = (1+0.15)(1+0.169 (r0,2)= 12.5%

When interest rate on one year security is goindetdine after one year, he will opt for two yeastrument. A downward
sloping curve according to this theory indicatest the investors expect a fall in interest rates.
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Downward sloping

a—o —=<

Maturity

(iii) A flat yield curve indicates that investoegpect that the interest rates remain at the sawas. |

o —o —=<

Maturity

Q. The caselet mentions that there have been ‘goadores for prices of riskier corporate bonds to kloompared with those of
Treasuries. What according to you are the reasmrthis anomaly?
Answer

The reasons why the prices of riskier corporatedsdrave increased compared with those of Treasamges

i.  Increasing profits have gone some way to imprthe balance sheets of these companies. The gimpof companies
with a “speculative grade” (junk) rating by Stardi& Poor's, a big rating agency, that are defagltias fallen from a
peak of 10.5% in March 2002 to 2.3% last month,ltiveest since 1998. And although S&P is still dovading more
companies than it is upgrading, the gap is shrigpkin

ii. Increased risk appetite of investors. A hunfygranything with a sniff of yield attracts thevestors and they do not
worry much about the underlying risks.

ii. Itis a self-feeding mechanism — investors buying more of junk bonds than the governmena3udges and hence the
increasing demand for junk bonds is fuelling thiegs of junk bonds.

iv. This is also due to huge amounts of funds flmato junk funds — mutual funds which specialineirivesting in junk
bonds. Since the high-yield market is fairly illigusimilar to that for small-cap stocks, steepanf to junk funds can
boost prices as managers buy up shares with thecasin However, big gains by junk bonds in genenad, battered
telecom junk specifically, might have as much towdth return-chasing as the merits. That means lload prices
could start to sink when flows to high-yield furglacken.

v. Due to the Iraq war, risk-averse investors litdd interest in loaning money to struggling coamies. The vyield spread
between the average junk bond and the ten-yeastlinggawned to about 11 percentage points -- nf@e touble its
average -- as junk bond prices fell. With such hjgds, junk was a bet that was hard to pass up.
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Q. Caselet mentions that spreads are a poor guidgue, especially when yields are low. Comment.

This is because investors should be looking noglative value, but for the same high absoluterrstthat they would require of
similarly risky equities. Junk, or high-yield bonds debt issued by companies with a low credihgatlue to short or spotty
records of accomplishment. Since companies with afldebt offer them, less than perfect credityoth, they tend to pay far
higher interest than investment-grade bonds. lhdswood, but investors only get that interedtéfissuer does not default. Now
when the investors look at the yield spreads df jponds and Treasuries, the spread is definitélgctive. However, it is not an
indicator of value because the two belong to differisk class. Treasury bonds are highly safe alittost negligible risk,
whereas junk bonds are highly risky. That is why $hbread may alone not be the true indicator afeval
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