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We have proposed a new method, using modified duration and convexity, to estimate
the interest rate risk of bonds which can be considered as a conceptual improvement over
the ‘Exponential Duration’ method proposed by Miles Livingston and Lei Zhou [2005].
We have analytically and experimentally proved that this new method is better than
traditional method based on modified duration and also the ‘ Exponential Duration’ method,
at least for the international market covering bonds of major economies. However, a
pertinent question will be the performance of this proposed method vis-a-visthe traditional
method based on modified duration and convexity. I ndication based on sample casesreveals
that the performance of this proposed method is better than all the above methods. A
rigorous analysis of the performance of our proposed method as compared to the traditional
method based on modified duration and convexity will be our next attempt in this direction.
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Introduction

With the introduction of the concept of bond duration in 1938
by Macaulay, it has been used by financial analysts as a measure of
the sensitivity of bond prices to changes in interest rate. A
commonly used measure of duration is modified duration which is
Macaulay’s duration divided by one plus bond’s yield to maturity
per period. Modified duration provides a good approximation of
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the actual change in price of bond if the change in interest rate is
small. For larger changes in interest rate, modified duration based
estimate is less accurate. To improve the accuracy, the concept of
convexity wasintroduced subsequently. Now modified duration and
convexity are widely used by financial analysts to measure the
interest rate sensitivity of a bond. Subsequent to the introduction
of duration and convexity, many researchers wanted to introduce
different measures of interest rate risk, e.g. M-absolute, M-square
(Nawalkha S K, Soto G M and Beliaeva N A, 2005), Garbade's
convexity?! (Louis D’ Antonio and Thomas J. Cook, 2004), etc. M-
absolute model immunizes risk caused by the shifts in the slope,
curvature, and all other term structure shape parameters by selecting
a minimum M-absolute bond portfolio with cash flows clustered
around its planning horizon date, though the model immunizes only
partially against the height shifts. The M-absolute of abond portfolio
is given as the weighted average of the absolute distances between
cash flow maturities and the planning horizon of the portfolio. A
bond portfolio selected with minimum M-square has cash flows
clustered around its planning horizon date and hence protects the
portfolio from immunization risk resulting from nonparallel yield
curve shifts. The M-square of a bond portfolio is given as the
weighted average of the squares of the distance between cash flow
maturities and the planning horizon of the portfolio. Garbade defines
convexity as the “weighted average of the squared difference
between (1) the time remaining to a future payment and (2) the
duration of the bond.” However, these measures are slightly more
complicated and are not very popular at present. Market preference
is also mostly towards the twin measures of modified duration and
convexity. Many database providers like Bloomberg, Datastream
provide information on these twin measures of interest rate risk for
each outstanding bond issue.

Utilizing the concept of modified duration, Miles Livingston and
Lei Zhou [2005] introduced the method of ‘exponential duration’
which, they proved, is uniformly better than the traditional duration
method of estimating price movements under different yield
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movement scenarios. However, they observed that traditional duration
plus convexity method gives smaller errors than the ‘exponential
duration’ method in most cases, though the differences are small. In
this article, we introduce ‘ convexity adjusted exponential duration’
method and compare the performance of the proposed method as
against traditional duration method, ‘exponential duration’ method
as well as traditional duration plus convexity method in measuring
interest rate sensitivity of bonds.

The outline of the paper isasfollows. Wefirst review in Section
| the traditional approach to estimate the interest rate risk using
duration and convexity. We then present in Section |l our estimation
procedure of interest rate risk named as ‘convexity adjusted
exponential duration’ method. In the process, we have derived the
‘exponential duration’ method as suggested by Miles Livingston
and Lei Zhou [2005], as the first level approximation. This is
followed by mathematical analysis in Section |11, where we prove
that our method is more accurate than the traditional duration based
method and ‘exponential duration’ method for decrease in yield
level, in case of zero coupon bonds and perpetual bonds. As we are
unable to prove mathematically the dominance of our methodol ogy
over traditional duration method and ‘ exponential duration’ method
for nominal bonds and for increase in yield level in case of zero
coupon bonds and perpetual bonds, we have presented in Section
IV theresults of our experiments through grid search covering major
types of bonds available in international market for a wide range of
residual maturity and increase / decrease in yield level up to the
magnitude of 300 basis points; change in yield beyond this level in
a short time span is a very unlikely situation in the international
market covering bonds of major developed economies. We have
observed therein empirically that our method provides far more
accuracy in price movement as compared to the traditional duration
and ‘exponential duration’ methods in ailmost all cases. In Section
V, we have presented some initial results comparing our method
and traditional duration plus convexity method. In Section VI, we
conclude with the findings of the paper.
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Section |
Traditional Approach: Duration plus Convexity

Price (P) of a bond with face value 100, annual coupon rate C,
number of coupon payments remaining n, frequency of coupon
payment f (1 for annual, 2 for half-yearly, etc.) and annual yield to
maturity y can be expressed as the sum of the present values of the
cash flows as below.

& cif 1m0
(At yl £)¥TE T (L yl £y (1)

Here w (O<w<1) represents the ratio of the number of days from
the settlement date up to the next coupon date and the number of
days in the coupon period in which the settlement date falls. On
coupon dates, w=1. It may be noted that this price represents dirty
price of the bond. Further, instead of bonds, one can apply all our
experiments / results on any fixed-income assets.

If wetakefirst derivative of pricewith respect to yield to maturity
and divide it by price we get minus of modified duration, that is,

Modified Duration,D = —l.d—P (2)
P dy

For bonds, convexity? is generally defined as the second

derivative of price with respect to yield to maturity divided by price:

1 d°P

Convexity,V )

In the traditional approach, percentage change in price is
estimated by multiplying minus of modified duration with the change
inyield as a first-order approximation. Second-order approximation
is obtained by taking the product of one-half, square of yield change
and convexity and then adding it to the first-order approximation.
Let P, represents initial price when yield isy and P, represents new

price when yield changes to y+Ay. Also let P, and P, represent
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the estimates of new price under the traditional duration and
traditional duration plus convexity methods, respectively. Then,

P = R(@-AyD) (4)

1
Proc = Po(l_ Ay.D + B (Ay) vV ) (5)

It may be noted that these two approximations are nothing but
the first and the first two terms of the Taylor series expansion of
price as a function of yield:

dP 1 d? P
P = 2
1 dy y (6)

Henceforth we will denote traditional duration and traditional
duration plus convexity methods by TD and TDC, respectively.

Section 11
Convexity adjusted Exponential Duration Method

Let us start with natural logarithm of price (InP) in stead of price
(P). By Taylor’s theorem, change in log of price can be written as the
following; for some y* lying in the interval (y,y+Ay),

InP, —InP, = Ay r —( y)

1dP 1 ,d({1 dP d3InP
Ayt S (AY)E | = 2
yP dy 2( Y) dy(P dy) s )[ dy® ]aty*

1dP 1, H(1d%P 1(dPY) 1, .[dInpP
Ay =T s == [T 2
Yo dy 2( y){P a2 Pz(dyn 3!( y) & |,

3
:—Ay.D+%(Ay>2(V—D2)+%(Ay)3[d d"lp]
v

dinP 1 2dInP 1( )[d InP]
at y*

(7)
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Considering only first term of the above expression, we get an

estimate of price (P,) as:

R = Re™ (8)
Miles Livingston and Lei Zhou [2005] arrived at the same

expression of the estimate of price through a slightly different

approach and introduced this method of estimating price as

‘Exponential Duration’ method. Henceforth we will denote this

method by ED method.

We consider first two terms of (7) to get an estimate of price
(P

lCED) as 1 ) 2
-Ay.D + E(Ay) (V-D?) (9)

Peeo = Re

We call the new method as ‘ Convexity adjusted Exponential
Duration’ method. Henceforth we will denote this method by CED
method.

Note that the second term in the exponent of (9) does not contain
simply convexity (V), rathe[ an adjusted value of convexity (V-D?).
If we consider only poe*Ay'mE‘Ay’ZV , We observethat it performs poorly
as an estimator of price. The adjustment factor D? improves the
estimate dramatically as may be observed from Tables 1-3.

Perfor mance of CED method:

To understand prima facie the performance behavior of CED
method, we have presented here price behavior of three types of bonds
as used by Miles Livingston and Lei Zhou [2005] for the purpose of
illustration.

Table 1 presents comparative position of different estimates for
a 30-year par bond with 5% annual coupon rate. In every situation,
CED method outperformed TD, TDC and ED methods. For example,
if yield increases by 1%, actual price become 86.24 and TD method
gives an estimate of price at 84.63, ED method at 85.75, TDC method
at 86.38 and CED method at 86.24. Thus, error in CED method is
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Table 1: Thirty-Year Par Bond with 5% Annual Coupon Rate*
Change New Actual TD TDC ED CED
inYTM YTM | New Price| Edtimate| Estimate| Estimate | Estimate
1 2 3 4 5 6 7
-3.00% 2.00% 167.19 146.12 161.89 15859 166.95
-2.50% 2.50% 152.33 138.43 149.38 146.86 152.19
-2.00% 3.00% 139.20 130.74 137.75 136.00 139.14
-1.50% 3.50% 127.59 123.06 127.00 125.93 127.56
-1.00% 4.00% 117.29 115.37 117.12 116.62 117.28
-0.50% 4.50% 108.14 107.69 108.12 107.99 108.14
0.00% 5.00% 100.00 100.00 100.00 100.00 100.00
0.50% 5.50% 92.73 92.31 9275 92.60 9273
1.00% 6.00% 86.24 84.63 86.38 85.75 86.24
1.50% 6.50% 80.41 76.94 80.88 79.41 80.43
2.00% 7.00% 75.18 69.26 76.26 73.53 75.23
2.50% 7.50% 70.47 61.57 7252 68.09 70.56
3.00% 8.00% 66.23 53.88 69.65 63.05 66.38

*Modified duration being 15.3725 and convexity 350.4667.

only 0.01%, which is significantly less compared to the errors of TD
method (-1.86%), ED method (-0.56%) and TDC method (0.17%).

In Table 2, we present comparative position of different methods
for estimating the price of 30-year zero coupon bond. Here also it

Table 2: Thirty-Year Zero Coupon Bond*

Change New Actual TD TDC ED CED
inYTM YTM | New Price| Estimate| Estimate| Estimate| Estimate
1 2 3 4 5 6 7
-3.00% 2.00% 55.21 42.97 51.75 54,52 55.19
-2.50% 2.50% 47.67 39.66 45.76 47.26 47.67
-2.00% 3.00% 41.20 36.36 40.26 40.97 41.20
-1.50% 3.50% 35.63 33.05 35.25 35.52 35.63
-1.00% 4.00% 30.83 29.75 30.72 30.79 30.83
-0.50% 4.50% 26.70 26.44 26.69 26.69 26.70
0.00% 5.00% 23.14 23.14 23.14 23.14 23.14
0.50% 5.50% 20.06 19.83 20.08 20.06 20.06
1.00% 6.00% 17.41 16.53 17.50 17.39 17.41
1.50% 6.50% 15.12 13.22 15.42 15.07 15.12
2.00% 7.00% 13.14 9.92 13.82 13.07 13.14
2.50% 7.50% 11.42 6.61 12.71 11.33 11.42
3.00% 8.00% 9.94 331 12.09 9.82 9.94

*Modified duration being 28.5714 and convexity 843.5374.
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may be observed that CED method gives superior estimate than TD,
TDC and ED methods. For example, if yield increases by 3% from
the present level of 5%, actual price reduces to 9.94. TD method
estimates the new price at 3.31, ED method at 9.82 and TDC method
at 12.09, whereas CED method estimates almost precisely at 9.94.

In Table 3, we present comparative position of different methods
for a perpetual bond with 5% annual coupon rate. It may be observed
that CED method gives superior estimate than TD, TDC and ED
methods. For example, if yield increases by 3% from its present level
of 5%, actual price goes down to 62.50; TD method estimate price at
40.00, ED method at 54.88 and TDC method at 76.00, whereas CED
method gives closest estimate at 65.70.

Table 3. Perpetual Bond with 5% Annual Coupon Rate*

Change New Actual TD TDC ED CED
inYTM YTM | New Price| Estimate| Estimate| Estimate | Estimate
1 2 3 4 5 6 7
-3.00% 2.00% 250.00 160.00 196.00 182.21 218.15
-2.50% 2.50% 200.00 150.00 175.00 164.87 186.82
-2.00% 3.00% 166.67 140.00 156.00 149.18 161.61
-1.50% 3.50% 142.86 130.00 139.00 134.99 141.20
-1.00% 4.00% 125.00 120.00 124.00 122.14 124.61
-0.50% 4.50% 111.11 110.00 111.00 110.52 111.07
0.00% 5.00% 100.00 100.00 100.00 100.00 100.00
0.50% 5.50% 90.91 90.00 91.00 90.48 90.94
1.00% 6.00% 83.33 80.00 84.00 81.87 83.53
1.50% 6.50% 76.92 70.00 79.00 74.08 77.49
2.00% 7.00% 7143 60.00 76.00 67.03 72.61
2.50% 7.50% 66.67 50.00 75.00 60.65 68.73
3.00% 8.00% 62.50 40.00 76.00 54.88 65.70

*Modified duration being 20 and convexity 800.

Thus we have observed that CED method, as proposed by us,
is superior to TD, TDC and ED methods, in these cases.
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Section 111

Greater Accuracy in CED method as compared to
TD and ED methods

In this section we have analyzed the performance of CED method
as compared to traditional duration method and exponential duration
method for different types of bond. As may be observed from the
analytical and experimental evidences here, CED method is better
than TD and ED methods, except for certain exceptional situations.

Proposition 1: The estimate of price under CED method (P

)
1CED
is always more than that under ED method (P,.).

Proof: It may be observed from (8) and (9) that

1 n2 2
—(Ay)*(V-D?)
— 2
PlCED - PlED €

. Grandville (see p.163 Olivier de La

S D
+
1+y)? 1+y’
isthe dispersion or variance of the payment times of the bond and as
such Sisaways positive. Hence, V-D?is always positive. Therefore,

Grandville, [2001]) proved that V —D* = where S

eé(AWZW -0 >1 for all non-zero Ay and thus the estimate of price under
CED method (P, .._) isalways more than that under ED method (P

1CED 1ED) !

except at Ay=0 when both become equal. This completes the proof
of Proposition 1. o

Specific case of zero coupon bonds:

For a zero coupon bond with T-years remaining till maturity, price

100
isgiven by W , Wherey isyield to maturity. Using (2) and (3) one

T(T+1

.
can see that it has modified duration m and convexity L+ y)? -

Proposition 2: CED method provides better estimate of price than
TD and ED methods for zero coupon bonds, when yield decreases.
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Proof: First, we prove that in case of zero coupon bonds CED
method under-estimates the actual price when yield decreases and
over-estimates when yield increases. From (7) and (9), it follows that
for some y* lying in the interval (y,y+Ay),

1 d3InP
INPeep, —INR :_a(AY)S[ dy3 :|
at y*

In the above expression, if we plug the values of the third
derivative of log-price for zero coupon bond, we get

1 3 2T
INBeep —INR = a(Ay) |:(1+y*)3:|,

which is greater than, equal to or less than zero if and only if Ay is
greater than, equal to or less than zero, respectively. This implies
that CED method under-estimates price when yield decreases and
over-estimates price when yield increases. That is P, <P, for Ay <
0 and P, >P, for Ay > 0.

1CED

CED

Under Proposition 1 we have proved that CED estimateis higher
than ED estimate for all Ay. We have just seen that in case of zero
coupon bonds, CED under-estimates the actual price when yield
decreases (i.e. P, <P, for Ay<0); this implies that P, liesin

between P, and P, i.e. P . <P, . <P, for Ay<0. Thus, CED is better
than ED method for Ay<O. Since ED method is known to be better
than TD method [Miles Livingston and Lei Zhou, 2005]; it implies
that CED method will also be better than TD method. This completes

the proof of Proposition 2. o

Further, empirically through grid search, it is observed that for
zero coupon bonds CED method provides better estimate of price
than TD and ED methods, when yield increases (empirical evidence
through grid search is presented in Section IV under Grid Search
Result 1).



CONVEXITY ADJUSTED EXPONENTIAL DURATION METHOD 11

Specific case of perpetual bonds:

For a perpetual bond or consol, having annual coupon rate of c,
yield to maturity y and frequency of coupon payment f (1 for annual,

C —w
2 for half-yearly, etc.), priceisgiven by ;-(14' y/ )™ \wherew (O<w< 1)

represents the ratio of the number of days from the settlement date

up to the next coupon date and the number of days in the coupon
period in which the settlement date falls. On coupon dates, w=1. This
price includes accrued interest.

The above expression for price of aperpetual bond can be derived
either of the following two ways. First, as the limiting value of the
price of nominal bonds from (1) when n->cc . Second, by noting that
the price of a perpetual bond on last coupon day was c/y and after
that (1-w) amount of time (measured in the units of frequency of
coupon payment) has passed and hence present value is

S @yl fy
y

It isnot difficult to work out the modified duration of a perpetual

bond tob 1 1-w g ' o 2 20-w)  wl-w)
ond to ey y+ f and convexity to eyz y(y+ f) (y+f)?

using (2) and (3) respectively. Note that modified duration and
convexity are not dependent on coupon rate of the perpetual bond.

Proposition 3: CED method provides better estimate of price
than TD and ED methods for perpetual bonds, when yield decreases.

Proof: First, we prove that in case of perpetual bonds CED
method under-estimates the actual price when yield decreases and
over-estimates when yield increases. As we have seen earlier, for
some y* lying in the interval (y,y+Ay),

1 d’InP
InplCED _lnpl :_E(AY)B[ Z|‘_ 3 :|
at y*



12 RESERVE BANK OF INDIA OCCASIONAL PAPERS

In the above expression, if we plug the values of third derivative
of log-price for perpetual bond, we get

1 2(Ay)? Y
INPeep —INF, = 3 (y*y3) _[1—(1—W).[y3/+f)j|

The term within the square bracket is positive since O<w<1 and
O<y*/(y*+f) < 1. Thus error in log-price is greater than, equal to or
less than zero if and only if Ay is greater than, equal to or less than
zero, respectively. This implies that CED method under-estimates
when yield decreases and over-estimates when yield increasesin case
of perpetual bond. That is P, <P, for Ay < 0 and P, >P, for
Ay > 0. Also we have seen under Proposition 1 that P,_ <P, for all

Ay. Combining these we get P <P . <P, for Ay < 0. Since ED
method is known to be better than TD method [Miles Livingston and
Lei Zhou, 2005]; it implies that CED method will also be better than

TD method. This completes the proof of Proposition 3. o

Further, empirically through grid search, it is observed that in
case of perpetual bonds CED method provides better estimate of price
than TD and ED methods almost always, when yield increases.
Empirical evidence through grid search is presented in Section 1V
under Grid Search Result 2.

Specific case of nominal bonds:

Unlike TD, TDC and ED methods, it is difficult to say
analytically whether CED will under-estimate or over-estimate the
actual price in case of nominal bonds when yield decreases or
increases; rather it will depend on various characteristics of the bond
like time to maturity, coupon, frequency, yield, etc. It isalso difficult
to prove the performance of CED as compared to TD and ED
analytically for nominal bonds. We have tried to gauge its
performance through empirical grid search method and presented in
Section IV under Grid Search Result 3. It is observed that CED
performs better than TD and ED always.
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Section 1V
Empirical Results through Grid Search?®

Grid Search Result 1 (Zero Coupon Bonds):

For the purpose of checking performance of CED method against
ED and TD methods in case of zero coupon bonds when yield
increases, we employed a grid search by varying time to maturity
from 1 month to 30 year incrementing by 1 month and yield from
0.01% to 25% incrementing by 1 basis point and increase in yield
from 0.01% to 3% incrementing by 1 basis point. Observations from
the grid search are as follows:

(i) Absolute error of CED method is less than those of TD and ED
methods.

(i) Maximum absolute percentage error observed under TD, ED and
CED methods are 75.71%, 1.31% and 0.03%, respectively.

Grid Search Result 2 (Perpetual Bonds):

For the purpose of checking performance of CED method against
other methods in case of perpetua bonds when yield increases, we used
grid search by varying frequency of coupon payment to be annual and
half-yearly, yield from 0.01% to 25% incrementing by 1 basis point, w
from 0.01 to 1 incrementing by 0.01. For low level of initial yield, when
extent of increase in yield is higher than the initial yield level, absolute
errors of all the methods are very high and do not give any meaningful
estimate. Hence, in the grid we considered increase in yield from 0.01%
to min{initial yield, 3%} incrementing by 1 basis point. Coupon rate is
not required to be varied in the grid, since percentage errors in price
under various methods are independent of coupon rate. Observations
from the grid search are as follows:

(i) Absolute error of CED method is less than that of TD method.

(ii) Absolute error of CED method is less than that of ED method
when initial yield level is higher than 0.03% i.e. practically
always.
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(iii) Maximum absol ute percentage error observed under TD, ED and
CED methods are 100%, 26.42% and 21.31%, respectively.

Grid Search Result 3 (Nominal Bonds):

We experimented with different nominal bonds by employing
grid search. We varied time to maturity of the bonds from 3 months
to 360 months with an increment of 3 months, coupon rate from 0.5%
to 20% with an increment of 50 basis points, yield to maturity from
0.5% to 20% with an increment of 50 basis points, frequency of
coupon payment half-yearly and annual, yield change from -3% to
3% (to be precise from max{-initial yield,-3%} to 3%) with an
increment of 5 basis points. The grid covers the commonly observed
scenarios in the major markets of the world. Observations from the
grid search are as follows:

(i) Absolute error of CED method is less than those of TD and ED
methods.

(i) Maximum absol ute percentage error observed under TD, ED and
CED methods are 62.93%, 5.94% and 0.47% respectively.

(i) As a by-product of the empirical exercise, we have observed
that (a) for annual bonds with time to maturity up to 10 years or
bearing 9.5% or higher coupon, (b) for semi-annual bonds with
time to maturity up to 5 years, (c) for par annual bond with time
to maturity up to 10 years or bearing 5.5% or higher coupon, (d)
for par half-yearly bond with time to maturity up to 5 years or
bearing 10% or higher coupon, CED under-estimates (over-
estimates) price when yield decreases (increases). In view of
the Proposition 1 also, we can infer that CED will be superior to
ED in all these cases, when yield falls.

Section V

Performance of CED method vis-a-vis TDC method
(sample cases)

In the earlier section, we have observed the superiority of
CED over TD and ED methods under prevailing international bond
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market conditions. As regards its performance vis-a-vis TDC
method, we have checked some sample cases covering different
aspects of bonds and the results are presented visually in this
section. We have presented estimation errors (in percent) under
different methods pictorially for nominal bondsin figures| to XIlI,
for zero coupon bonds in figures X1l to XV and for perpetual
bonds in figures XVI to XVIIlI. As may be observed visually
therefrom the estimation errors under CED method are
significantly less as compared to other methods (in particular TDC
method), for all types of bonds.

We have presented comparative position of absolute values of
percentage errors under CED method with those under ED and TDC
methods for different time to maturity and change in yield in three-
dimensional graphs, for 5% and 10% annual par bonds. Difference
of absolute values of percentage errors are plotted in figures XIX to
XXII and ratio of absolute values of percentage errorsin figures X X111
to XXVI.

Infigures XI1X to XXII, negative (positive) difference in absolute
values of percentage errors will mean that CED is better (worse) than
ED/ TDC method, depending on which competing method is used. It
may be observed that the difference is negative implying that CED is
better. Further, as time to maturity or the amount of change in yield
increases, difference also increases in magnitude implying thereby
degree of superiority of CED method compared with ED/ TDC
methods increases with these parameters.

In figures XXIIl to XXVI, a ratio of absolute values of
percentage errors being less (greater) than unity here will mean
that CED is better (worse) than ED/ TDC method, depending on
which competing method is used. Ratio of absolute percentage
error of CED to that of ED (figures XXI111 and XXV) first decreases
and then increases with time to maturity; it increases as the amount
of yield change increases. From figures XX1V and XXVI, it may
be observed that in case of CED versus TDC thisratio isless than
unity and fallsrapidly (implying thereby that performance of CED
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becomes farther better than TDC) as time to maturity increases
and it does not depend much on the amount of yield change. It
may also be observed that for 5% (10%) annual par bonds, CED
error is lower than 1/20™" (1/10") of ED error. Further, ratio is
much lower in case of CED versus ED than CED versus TDC
errors, indicating far superior performance of CED relative to ED
than relative to TDC.

Thus, based on these sample cases, we find that CED is better
than TDC in all the cases. However, morerigorous exerciseisrequired
to be done in this direction.

Section VI

Conclusion

We have introduced Convexity adjusted Exponential Duration
(CED) method for estimating price movements under different yield
movement scenarios. We have proved empirically that CED method
performs better than TD and ED methods in case of zero coupon
bonds and perpetual bonds, when yield decreases. We have verified
empirically that CED method provides better precision in price
movements as compared to TD and ED methods for zero coupon
bonds when yield increases. Further, through empirical exercise, we
have observed that CED method performs better than TD and ED
methods for nominal bonds for increase/decrease in yield up to the
magnitude of 300 basis points; change in yield beyond this level isa
very unlikely situation in the international market covering bonds of
major developed economies. For perpetual bonds, CED method
performs better than TD always, and it performs better than ED
method almost always (i.e. when initial yield level is higher than
0.03%).

Considering all these aspects we feel that the use of ‘ Convexity
adjusted Exponential Duration’ method, as proposed by us, will help
in better estimation of interest rate risk as compared to Traditional
Duration method and ‘ Exponential Duration’ method as proposed by
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MilesLivingston and Lei Zhou [2005] at least for international market
covering bonds of major devel oped economies. Further, some sample
exercises indicate that our proposed method performs better than
Traditional Duration plus Convexity method. However, more rigorous
analysis of the performance of our proposed method as compared to
Traditional Duration plus Convexity method is required to be done
to establish the superiority of our proposed method.

Notes:

'M-absolute, M*=>"|t, - H |w,

=1

M-square, M2 = )" (t; - H)?w,

=1

Garbade's convexity = (t; — Dy.o)’W,

=1

where t, t,, etc. are the cash flow timings (in years), H is the
planning horizon (in years), f is the frequency of coupon payment, n
is the number of cash flows, D,,  is Macaulay duration of the bond,
and weights (vvj , = vvj:l) are defined as the present values of the

cash flows (CJ.) divided by the bond price (P), that is,
C.
Yo @+yl )
compounding .

P, or appropriately modified for continuously

2

2 Some financial analysts use 2_1P as a measure of convexity.

dy?

¥ MATLAB programs will be provided on request.
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Figure I: Estimation errors for 30-year 5% Annual Bond at 3% Yield
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Figure II: Estimation errors for 30-year 5% Annual Par Bond
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Figure lll: Estimation errors for 30-year 5% Annual Bond at 7% Yield
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Figure IV: Estimation errors for 30-year 10% Annual Bond at 5% Yield
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Figure V: Estimation errors for 30-year 10% Annual Par Bond
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Figure VI: Estimation errors for 30-year 10% Annual Bond at 15% Yield
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Figure VII: Estimation errors for 30-year 5% Half-yearly Bond at 3% Yield
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Figure VIII: Estimation errors for 30-year 5% Half-yearly Par Bond
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Figure IX: Estimation errors for 30-year 5% Half-yearly Bond at 7% Yield
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Figure X: Estimation errors for 30-year 10% Half-yearly Bond at 5% Yield
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Figure XI: Estimation errors for 30-year 10% Half-yearly Par Bond
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Figure XllI: Estimation errors for 30-year 10% Half-yearly Bond at 15% Yield
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Figure XllI: Estimation errors for 30-year Zero Coupon Bond at Yield Level of 3%
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Figure XIV: Estimation errors for 30-year Zero Coupon Bond at Yield Level of 5%
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Figure XV: Estimation errors for 30-year Zero Coupon Bond at Yield Level of 7%
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Figure XVI: Estimation errors for 5% Annual Coupon Perpetual
Bond at Yield Level of 3%
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Figure XVII: Estimation errors for 5% Annual Coupon Perpetual Bond at
Yield Level of 5%
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Figure XVIII: Estimation errors for 5% Annual Coupon Perpetual Bond
atYield Level of 7%
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Figure XIX: Difference in absolute values of percentage errors under CED and
ED methods for 5% annual par bond

Time till Maturity (Year) Change in Yield (in per cent)

Figure XX: Difference in absolute values of percentage errors under CED
and TDC methods for 5% annual par bond

Time till Maturity (Year) Change in Yield (in per cent)

Figure XXI: Difference in absolute values of percentage errors under CED
and ED methods for 10% annual par bond

Time till Maturity (Year) Change in Yield (in per cent)
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Figure XXII: Difference in absolute values of percentage errors under CED
and TDC methods for 10% annual par bond
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Figure XXIll: Ratio of absolute values of percentage errors under
CED and ED methods for 5% annual par bond
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Figure XXIV: Ratio of absolute values of percentage errors under
CED and TDC methods for 5% annual par bond

Time till Maturity (Year) Change in Yield (in per cent)
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Figure XXV: Ratio of absolute values of percentage errors under CED and
ED methods for 10% annual par bond
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Figure XXVI: Ratio of absolute values of percentage errors under CED and
TDC methods for 10% annual par bond

Time till Maturity (Year) Change in Yield (in per cent)
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