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The intent of this paper is to supplement previous studies of convert-
ible debentures (/1_/, /5 7/, /137, /I5/) in at least two respects. One, the
specific influence of the so-called 2222_35225 upon the risk premiums
associated with convertible debentures is analyzed by reference to the market
model developed by Sharpe iﬁé? and Lintner Zﬁé?. Two, the effect of involun-
tary terminations upon the range of possible returns from holding convertible
debentures is examined by means of a simulation model.

Under the market model, convertible debentures--like their underlying
common shares-—-are regarded as components of a risky market portfolio.

Such assets differ from their underlying stocks in that they may be less
responsive to the vicissitudes of the market and may therefore feature
smaller risk premiums. The essence of the bond floor in the context of the
market model is that it conditions covariability with the market.

Despite the highly useful insights that it affords, the market model
cannot cope effectively with the changing responsiveness of convertible
debentures to the market (occasioned by varying ratios of stock conversion
value to straight bond value) and with the stochastic process by which con-
vertible debentures disappear from the scene. An alternative approach of
Monte Carlo simulation is thus introduced to obtain comprehensive forecasts
of rates of return on convertible debentures conditional upon the simulated
behavior of the underlying stock. |

In the treatment that follows, the conventional model is first
described for purposes of contrast. The market model and its limitations are
then treated. The remaining sections deal with the simulation model, its

behavioral inputs, and simulation results.

*Professor of Finance and Ph,D. candidate in Bugsiness and Applied
Economlcs at the University of Pennsylvania, respectively.,



I. The Conventional Model

Following Poensgen /13/, we can specify the expected value of a

convertible bond given a straight debt value, y, as:
— 4 e
E(BV) = y$o (x|y)ax +!‘ v xf (x|y) ax (1)

where BV = market value of the bond: x = conversion value or value of the
underlying stock (equal to the product of the stock price and the conversion
ratio); y = value of the bond as straight debt; and f(x{y) = conditional
distribution of % given a floor, y.

To allow for bond yield variability, the summation must extend over

all values of y. Let f(y) be the density function of y, and rewrite equation

(1), as follows:

Bv) = [, /v[Y flxjyrax + , X N a7 £y, (2)

However, f(x,y) = f(x[y) f(y}, and equation (2) becomes

E(BV) = L xfxey)ax + ?: (v - x) flx,y)dx / dy (3)

The first expression in the bracket under an integral iz the expected
stock value. The second is the expected value of the floor guarantee, with
the summation ranging across all values where the straight debt value, vy,
exceeds the conversion value, x.

Rearranging the terms in equation (3) and knowing that

r: (x]y) éx

1, the equation can be transformed into:

H]

E(BV)

1}

rb yfly) dy + rn fn {x - v) fix,y) dx dy (4)
o 18 Jy

where the first term is the expected straight debt value and the second is



the expected value of the option to convert. This reduces to the expected
value of a warrant if we assume that y is not stochastic, or equivalently,
that bond yield variability does not affect the value of the conversion
option,

This either-or characteristic of the conventional model has tended to
confuse efforts at empirical analysis, Although eguations (3) and (4) are
mathematically equivalent, an important asymmetry in their relationship exists.
Since the true bond premium is the difference between the market value of the
convertible bond and the higher of the conversion or straight bond value, the
proper choice of either equation as the underlying model for regression
gtudies should depend upon whether the conversion value, x, exceeds or falls
short of the straight bond value, y. If x Z vy, the premium should be
interpreted as the value of the floor guarantee, and equation (3) is the
proper valuation model. Otherwise, the premium reflects the worth of the
conversion privilege, and equation (4) is to be used.

As it is formulated, the cenventional model does not consider the
convertible debenture as an integral part of a portfolio of risky assets.
Neither does it stress sufficiently the special features that differentiate

the conversion privilege from the straight option or warrant.l

IT. The Market Model

Rigk and Return

In contrast to the conventional model, the market model stresses the

th

relationship between the return on the i gecurity and the return on the

market., Under equilibrium conditions, the risk premium associated with the

1TW0 important features are: (1) the investor in a convertible bond

faces the risk of involuntary termination; and (2) the value of the convertible
bond and the associated conversion privilege depends not only on the value of
the underlying common stock but alszo on a base value plus a premium,



ith security is:

E(R;) - Ry = B8, / B(RY =~ Ry, / (5)

th security

where E(ﬁi) and E(ﬁﬁ) are respectively the expected returns on the i
and the market: RF is the risgk-free rate and Bj is cov (Ei'-ﬁﬁ) divided by
var (ﬁg). Using ex post or historical data, we can approximate (5) with the
regression equation:

e ~
R = 3 + g,R

6
it i7" 8t T oege ()

where ., is a residual with the properties, Ef,) = 0 and E&;iﬁm
Since the regression coefficient, QE {hereafter called beta wvalue),
measures the systematic or non-diversifiable xisk, the risk premiums of any
paired securities should be in the ratio of their beta values.2 It also
follows that the differential in the expected rates of return for any paired

th

securities, e.g., the i and jth securities, should be eqgual to:

BE) - BE) = (By -8, mE ) - =l (7

To tegt the difference in expected returns implied by the market
model, a sample of 12 convertible debentures was drawn. The principal
criteria for selection were: {1} the issue must have been outstanding
throughout the 1960's; and (2) the final maturity must be no earlier than

3
December, 1979,

2Recent critiques of the market model have questioned koth the

interpretation of the intercept (Black, /2 7) and the assumption of linearity
{(Blume and Friend, /4 7). Since beta values continue to be accepted as
measures of nondiversifiable risk and since Blume and Friend /4 7 concur

that the risk-return trade-off appears "almost linear if only common stocks
are analyzed," we feel, for our purposes, little need to modify the relevant
conclusions of the market model.

3Only 15 issues reported in the November 21, 1960 Moody's Bond Survey
satisfied these criteria.




Table 1 summarizes the results of linear regressions of monthly price
relatives of the common stocks and convertible debentures of the 13 gample
corporations against the monthly relatives of the Standard and Poor's 500
Index. The period covered was the decade of the sixtiegs (a total of 119
monthly observations per security). Price relatives were ugsed in the regres-
sions since the conversion value is dependent on the behavior of stock prices
alone.4

For the decade as a whole, the beta values of 12 of the 13 common
stocks surpassed theilr convertible debenture counterparts., Similar results
were obtained when the decade was split into two equal parts, despite con-
siderable evidence of non-stationarity.

Ratios of convertible bond beta values to common stock beta values,
shown in Table 2, indicate a lessening differential in the stock-convertible
risk premiums for the sample companies. The median ratio was .42 for the
1960-64 period, in contrast with .87 for the 1965-69 interval., The median
ratio for the decade was .70.

Under the equilibrium conditions hypothesized above, the typical risk
premium for the 13 convertible securities should have been less than half
that associated with the corresponding common stocks in the early sixties.
The differential closed to a little over one-tenth in the latter half of the
decade,

Much of the apparent non-stationarity in the beta values for the

convertible securities is attributable to the changing relationship between

4Price relatives are the ratios of terminal to initial prices. They
are differentiated from return relatives which are ratios of terminal price
plus period dividends or interest to initial price. In actual fact, however,
the differences hetween beta values based on price relatives and those based
on return relatives are negligible.



Table 1

Beta values for Thirteen Convertible

Debentures and Their Underlying Common Stock

T T T T T T T T correlation
Company Market  Beta Values for: ! R” For: Coefficient
5 (Bond&Stock)
1960-k 1965-9 1960-9 | 1960-4 19659 10609 1960-9
Allegheny !
Ludlum N.Y.S.E. !
Stock 1.6386 .6970 1.0517 % .53 .16 .30 69
Convertible L5307 J7TH19 L6598 % .36 .32 .32 f
American %
St. Gobain 0.T.C. | ;
Stock .9522 1,0619 1.0083 | .0k .07 N
Convertible L3145 2600 L2851 | .04 .05 05
Champion f i
Paper & : |
Fibre¥* N.Y.S.E. i ;
Stock .9514 1,0580 1.0056 | .22 A58 | g
Convertible 4011 1.7285 1,200k | .21 .26 20
Combustion i '
Engineering N.Y.S.E. g :
Stock 1.2425 1.1266 11,1591 | .37 .21 261 o
Convertible -8338 1.1181  ,9956 ! k9 .20 23 !
Bausch & l
Lomb N.Y.S.E. i !
Stock 1.5200 1.0837 1.2372 § .31 .15 AN .
Convertible 6561 1,0226 8605 | .09 .21 16!
Consolidated ; ;
Elect,Dyna, N,Y.S.E. ! i
Stock* 1.5502 1,0799 1.2365 ' .27 .20 22 g
Convertible 651k .9k07 L8200 | L1 24 20
! |
Copperweld | 5
Steel N.Y.S.E. i '
‘ !
Convertible kbl 6577 5817 ¢ .00 .23 05
i :

¥ Bell & Howell
**Acquired by another company prier to 1970 and converSion terms modified,



Table 1 (continued)

Beta Values for Thirteen Convertible
Debentures and Thelr Underlylng Common Stock

P AR e o P o . R L PP —

Company Market Beta Values for: ;’R For: iCorrelatlon
" ;Coe f1c1%0t
; Bond & Stock
1960-4 1965-9 1960-9 '1960-1; 1965-9 1960-9; 1960-9
Dow Chemical ©N.Y.S.E. : !g
Convertible .7939 .62hk2 6920 !.o1 .21 .03 |
Richfield 0il N.Y.S.E. f |
Stock STTHT L6275 6639 1,06 .07 06 1 g
Convertible OU55 5386 L5659 .19 .05 .09 i
!
Sinclair 0il"™ N.Y.S.E, !
Stock .9235 9678  .9k05 1,23 2525 L,
Convertible L1655 L6167 L4370 .08 .15 12
Talcott (James) | ;
Stock 8881 .Bih7 8266 .07 .08 08 59
Convertible 1.1070 .5026  .7375 .23 O 11
Thriftimart AM.E.X.
Stock 7835 .3815  .5391 .18 .07 A2 g
Convertible Jozh 2351 L3039 .18 02 .07
B ]
West Coast ! i
Transmission A,M.E.X. : ’
Stock 7285 L0197  .2762 |0k .00 00 g
Convertible .1885 .2351 2221 .02 10 .07



Table 2

Ratios of Convertible Debenture Beta Values fto Underlying
Stock Beta Values and of Conversion Values to
Straight Bond Values for Three Periocds

Company Ratios of Beta Values Ratio of
Conversion Value to
Straight Bond Value

1960-4 1965-9 1960-9 1960 1965 1969

Allegheny Ludlum 0.33 1.06 0.63 .740 .980 .8L5
American St. Gobain 0.33 0.24 0.28 .65 .336 n.a.
Bausch and Lomb 0.43 0.55 0.70 .750 1.120 1.565
Champion Paper

& Fibre 0.42 1.63 1.19 600 .895 1.522
Combustion

Engineering 0.67 0.99 0.86 .870 2.3L40 n.8.
Consolidated

Elect. Dyna. 0.h42 0.87 0.66 1.185 1,020 n.a.
Copperweld Steel 0.33 0.87 0.59 622 1.215 L740
Dow Chemical 0.81 0.91 0.87 2.265 2.170 N.a.
Richfield 0il 0.83 0.86 0.85 1.380 2.310 n.a.
Sinelair 0il 0.18 0.6k 0.46 616 .965 1.260
Talcott {James) 1.26 0.62 0.56 1.430 LB76 n.a.
Thriftimart 0.51 0.62 0.89 .855 1.060 .560
West Coast

Transmission 0.26 2.19 0.81 483 616 .709

Median 0.L2 0.87 0.70 .750 1.0€0 n.a.




conversion values and straight-bond values. Variations in the ratios of
conversion values to straight-bond values, shown in Teble 2 for
November 14, 1960, and November 8, 1965, correspond with shifts in the beta
values for seven of the 13 convertible issues; the remainder are ambiguous,
The median conversion-bond ratios for 1960 and 1965 were, respectively, .75
and 1,00,

The model presumes that the floor characteristic of convertible
debentures operates through its effect upon systematic risk, as reflected
in the beta values, If the median values for the sample are indicative, the
beneficial influence of the bond floor upon the systematic risk of the con-
vertible security relative to the associated common stock, diminishes rapidly

as the conversion value approaches and exceeds the straight bond value.

Limitations of the Market Model

The adequacy of the market model for predictive purposes is circum-~
scribed by the changing relationship between conversion values and straight
bond values, by the finite probability that a given convertible bond issue
will be called in whole or in part in any period prior to maturity, and
perhaps by other factors. The changing stock-bond relationship influences
comparative returns through its effect upon convertible bond premiums., The
probability of involuntary termination through & call either for redemption
or sinking fund purposes in any period adds a temporal aspect to realizable
returns; it is no longer sufficient to express the valuation model in terms

of the distribution of possible bond values at some future period.

IIl, Determinants of Convertible Bond Premiums

Investors who choose to liquidate holdings prior to involuntary

termination by selling the convertible bond in the market receive a dollar
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amount equal to the higher of the straight bond value, y, or the conversion
value, x, QEEE a premium.5 The bond premium, defined ag the excess of the
convertible bond price over the higher of the straight bond or conversion
value, recognizes the fact that investors can always elect the higher of the
two less-than-perfectly-correlated values,

As stipulated in Section I, the bond premium measures the value of a
non-detachable warrant if y 3 x, and is equal to the convertible bond price
minus y.6 Where x = y: the investor in a convertible bond has a combination
stock holding plus an insurance--é floor guarantee--that he will be able to
sell the security at its straight debt value should x fall below y in the

future.7

SAs long as the premium exceeds zero, no question of voluntary
conversion arises. The rational investor will always liguidate his position
by selling the bond.

6Poensgen /137 used equation (4) as the basis of his regression
studies. This is appropriate to his sample which consisted of a cross-
section of all convertible bonds between 1948 and 1963 at their issue date.
At this point in time, the major component of the bond price is the straight
debt value. The difference between this and the issue price represents the
value of the conversion privilege (the non~detachable warrant), whose
existence allows the issuing firm to pay a coupon below that of its own
straight bond issue or that of another firm in the same risk class.

7Weil, Segall and Green, Jr, /157 in effect, use equation (3) as
their valuation model, their sample being drawn from those convertible bonds
selling in the market whose stock prices exceeded their respective conversion
prices. 1In this event, it is more than likely that x would exceed v, and
that the premium represents the difference between convertible bond price
and the conversion value.

Cretien, Jr. /6 / and Duvell /7 /, in their comments, fault Weil,
Segall and Green, Jr. on their seemingly biased sample, without realizing
that the approach taken implicitly recognizes the asymmetry in the valuation
models which calls for stratifyving sample observations on the basis of
whether x or y dominates, Brigham /5 / has anticipated this difficulty but
his empirical work did not extend fsr—enough to identify explicitly the
basic asymmetry.



The regregsion model of convertible bond premiums presented here,
utilizes a comparatively standard set of explanatory variables drawn partly

from the conventional model and partly from the market model. In functional
form, this is:

. E(r M, 2 B

M.
T
where Pri = premium on the ith convertible; VT ratio of the conversion

#

value, x, to the straight debt value, y, if x £ y, or its reciprocal, if

Y > x: Miz = square of the ratio Mi; 1..T. = logarithm to the base 10 of

1074
the number of months to final maturity; §€'= the s1ume
caleulated fron the market model; Q, = a dummy variable set at

1 for issues rated Baa or better by Moody's Investment Service, and O for

lower rated issues; and C; = bond coupon minus cash dividends per share,
Di, adjusted for the conversion ratio, ENs, ., which is equal to par divided
by the conversion price, CVPi.8
Equation (8) does not presume that all of the variables erter simul-
taneously into the regression model as independent variables. The variable
M, recognizes the fact that the most important determinant of convertible
bond premiums is the relationship between the straight debt and conversion
values, the major components of the convertible bond price, Since the

contribution of the dominated variable to the premium varies inversely with

the relative distance between x and y, if x = vy, and with the reciprocal of

8On the presumption that the periodic cash differential should be in
current terms, i.e., that the dividend stream to be considered should be
that obtainable from the number of shares an investor can acquire for the
price of one convertible bond, we experimented with C, = coupon minus the
product of cash dividends per share and the gquantity %Bvit/spit)f where
BV;4 = current bond price and SP.._ = current stock price.

The adjusted dividend stream would approach that used in the model
asymptotically as stock price approached conversion price, and diverge from
it as stock price exceeded conversion price. The results using this formula
tion wexe rather poor.

11



12
the distance, if v 3 Xs the coefficient of!li oY 1A4i should alwavs be nega-
tive, The possibility of nonlinearities is recognized by including Miz.

The variables Ty and Qi follow directly from the random walk
literature that shows the expected value of an option, the conversion privi-
lege in this instance, to be a positive function of the square root of time
to maturity and the standard deviation of price changes. 'The inclusion of
gi' as opposed to the square root of the total variance of price changes, is
congistent with the hypothesis that investors in convertible bonds are
principally concerned with systematic risk, As determinants of the expected
value of the conversion option, these variables are prime candidates for
inclusion in regression models whenever the straight bond value dominates
(that is, y » x}. Subject to their potential association with Qi and their
information content as to the applicability of the bond floor, no such basis
exists for the inclusion of Ty and E&, whenever the conversion value
dominates (x = y).

The remaining two variables, Qi and Ci' respectively measure the
quality of the issue and issuer, and the periodic income differential between
the convertible bond and the underlying common stock. Our hypothesis is that
Q; and C; influence the size of the bond premium in the event of dominance
by conversion values (x Z v}, but not when the reverse obtains.

Table 3 presents regression results for two sets of cross-section data,
differentiated on the basis of whether the stock conversion value exceeds or
falls short of the straight bond value, as of three separate dates. The
diverse dates (1970, 1968, and 1965) chosen for analysis recognize the possible
influence upon regression parameters of (1) different market environments
and (2) the imposition of margin requirements in early 1968. The regres-

sions shown represent the best fits of the various combinations tested,
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As anticipated, the coefficient for Mi was negative and significant
everywhere. Similarly, the coefficients for Q; and C; were generally posi-
tive and significant for regressions emploving cross~section data with
x = ¥. The lone exception occurred in October, 1965, when the market
environment apparently failed to reward bond quality.

Contrary to expectations, the variables Ti and @i failed to
contribute notably to the explanation of the bond premiums in situations
where y ; %, Only in 1968 were the regression results moderately consistent

with the model hypothesized.

Inclusion of a squared term, that is

A
_C.M.2

N sl
. = g:=b:M. +
Pr a; Ml My

i + 24 {8a})

proved beneficial. With x 3 y, the simple quadratic model outperformed all
regression models tested without the squared term, for November, 1968, and
was one of the best fits for October, 1965, More important, the coef-
ficients had the predicted signs and magnitudes, with 'bil>'|ci[ considerably.
With y 5 x, the quadratic form gave best results for May, 1970, and October,
1965, and unsatisfactory results for November, 1968. 1In both cases, the
signs and sizes of the coefficients were as anticipated.

Regression values shown in Table 3, as expected, point to asymmetrical
behavior between issues featuring y ~ x and those with x £y, Regression
coefficients also seem to be somewhat affected by the market environment,

The apparent nonstationarity of regression coefficients poses problems for

the choice of behavioral input to the simulation model.
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1V, Involuntary Termination

Calls for Conversizi and Sinling Fuud

Investors who choose to hold convertible bonds run the risk of
involuntary termination in each period. Of 108 convertible debentures with

final maturities after 1975, reported in Moody's Bond Survey of November 21,

1960, the number still listed in the Survey had declined to 65 by the end of
1965, to 22 by the end of 1969, and to 8 by mid-1970,

The possibility of premature termination stems from the omnipresence
of the call privilege, the prevalence of management decision rules that
activate the call provision conditional upon the positive behavior of stock
prices, and other factors that cause management to exercise the call
privilege. The call premium, the usual penalty for cal ling an issue, is
simply too small to be of consequence, as evidenced by the following break-
down of 1960 call prices for the sample of 108 convertible debentures:

Percent of

Call Price Total
107 and over 3.7%
105 to 107 16,7
103 to 105 62,4
Under 103 10,2

100,0%

The relative frequency of calls to force conversion in any period,
conditional upon the ratio of stock conversion value to par, is shown below

for the base sample of 108 convertible issues.
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Ratio of Conversion

Value to Par Percentage Number of
(End of Prior Year) Called Observations
1.75 and over 20,5 &8
1.50 to 1,75 30,0 30
1.10 to 1,50 25.1 103
1.00 to 1,10 14.3 42
Under 1.00 1.8 390

633

Even when the entire issue remains uncalled, the individual investor
may be subjected to sinking-fund call. More than three-fifths of the con-
vertible debentures sampled had sinking-fund provigions that commenced 10
or 11 years subsequent to date of issue and called for the periodic redemp-
tion of a stipulated percentage or dollar amount at par (or at market, if
less than par). In excess of one-fourth had pavments that began 5 or 6
years after date of issue.

Once commenced, required sinking fund payments—--as a percentage of
either total issue or amount outstanding at the time payments commence—-fary
substantially. BAbout 70% of “he convertible debentures sampled provided for
annual payments ranging from three to seven per cent, ? An additional one-
fourth fell between seven and ten per cent. About three-fifths of the
sample also provided for optional payments of the same magnitude as required

payments,

Ternination of the Conversion Privilese

A significant proportion (31,5%) of the convertible debentures
sampled terminated conversion privileges prior to maturity. With two
exceptions (15 years), the duration of the conversion privilege was uniformly

10 years. For analytic purposes, it appears that the maturity of the

90f these convertible debentures, about one-sixth provided for
substantially higher subsequent payments.
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debenture should be equated with that of the conversion privilege.
Sampling of recent issues of convertible debentures reveals that
few-~if any--new issues provide for the early termination of conversion

privileges.

V. The Simulation Model

The simulation model presented below mitigates the inadequacies of
the market model, and other analytic models as well, by explicitly accounting
for the possibility of involuntary termination and thereby assessing its
influence on the distribution of expected returns to the investor. iIn
addition, it makes no special assumptions about the nature of the capital
markets. It accounts for transactions costs, differing risk characteristics
among securities, and stipulates only that investors be rational decision
makers.l0

As shown in Figure 1, the model involves a period-by-period analysis
to determine whether the debenture is called for (a) conversion, or (b)
sinking fund purposes., If either call is activated in any period, the
sequential process terminates, and rates of return on the convertible bond
and the common stock, as well as present values, are calculated, If neither
is activated, the process continues to the horizon and rates of return and
present values are computed.

The probability of a call to force conversion in any period depends
upon the behavior of the stock price and managerial policies toward conversion.
The model ascertains whether or not the bond is callable within any peried prior

to the horizon, through inputs of call dates contained in the bond indenture.

10Ratinnality here means obtaining the highest possible return for
some level of risk, Cf, footnote 5.
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If the bond is callable, checks for calls are made on a stochastic basis
using empirically derived probabilities.11 It is presumed that in the event
of a call, the investor will always liquidate his position by converting if
the value of the underlying stock exceeds par plug the call premium, if any.

The conditions under which the sinking fund is operative, i.e., the
periodic retirement of a fraction of the outstanding securities to reduce
the cash outlay at maturity, are stipulated in the bond@ indenture. Checks
for sinking fund calls are made on a similar stochastic basis as those for
conversion calls, given that the bond is callable within the period.

In the event of a c¢all for sinking fund purposes, two possgibilities
obtain. One, the conversion value may equal or exceed par, in which case the
trustee issues a call at par and the investor chooses the higher of the
conversion value and par. Two, the market price of the convertible bond may
fall below par, in which case the sinking fund requirement will be satisfied
in the open market at a lower cost to the issuing corporation, and no
involuntary termination occurs,

The stochastic process that generates stock prices uses as a base
the actual monthly price relatives of a given stock for the postwar period,

January, 1946, to June, 1968.12 The price of the ith stock at time t, P
13

it’

is calculated as:

HNgee the previous section for the actual values used,

12mhe monthly data were gptained fxrom updated University of Chicage
tapes. See Fisher and Lorie /10/ for a description of the orizinal tapes.

13The process was originally based on the market model. The price
relatives of thq_ith stock were regressed against the price relatives of the
Fisher Index /9 /. The actual Fisher Index relatives for the postwar period,
1946-1968, in turn served as the market environment base,
The price relative for the ith stock in period t was found by:

Rijp = aj + bi%t + suizt
which is identical te equation (5} above except for our replacement of .
by the product of the standard error of the regression equation, s, ,and a
i
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Pit = P, een T (Rig) ©)

where Rit = monthly price relative. Ril' the starting point of the string
of relatives for n periods, is selected at random from the array of post-
war price relatives,

This formulation assumes that any historical sequence of market
price relatives is equally likely to recur and implies that investors react
to new information in the same marnner as they had done in the past. Whether
the past distribution of stock price changes follows a random walk or a sub-
martingale pattern is unknown to us. What is important is that the dis-
tributional characteristics are preserved.

The convertible bond value in any period ig taken to be the higher

of the conversion value or the straight debt value, plus the convertible

bond premium, i.e.,

BV . = Max (xit, Yie) + Prit' (10)
The straight debt value, Yier is estimated as:
c, n
- 1 5 -n - -n
r
t

vhere c, = coupon rate; n = remaining period to maturity; P = par; and X, =

h

the effective market interest for the risk class to which the it security
belongs. The effective market rate is assigned a value equal to:
{n/12)
rt = rt-(n/lz)(1+d};?1 (It) {12}

standard normal deviate, zy, with mean zero and unit variance., The value of
Ryt is randomly selected from the table of Fisgher Index price relatives which
is an input,

Experimentation, however, has led us te modify the basis to that
presently used in the model,

20
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I, = annual Moody's AAA bond yield relative;

where,d =a drift variable equal to the sum of the expected increase or
the
decrease in interest rates and E(i)tzt, » Product of the standard error of the
of holding periods
regression of market rates czailnst time, the number,and a normal random deviate,
To calculate the premium, Pr;i, equation (13a) below is used if
x 2 y; if y % %, equation (13b) is used. Since we calculate bond and stock
values in terms of thousands, and since the regressions were in hundreds,
the computed premiums are scaled by ten. The coefficients of these two

equations are from regression equations 3.3 and 3.8, respectively, in

Table 3, The variables are defined in Section III.

alaYs] V - 2
Pr, = 9.303 - 44.731Mit + 7.866 M, +18.625 14T4+0.835C,
+ 4.734zt: {(13a)
2
Pry. = 34.194 - 21,298 (I, ) + 2,949 (1M, )" + 50334z, (1.3b)

From a sample of premium values, it was found that Prit did not exceed
$270.00, This value has therefore been used as an upper bound to the premium
calculated with equation (13a) or (13b)}. A lower bound of zero was set in
cognizance of the fact that a negative premium is not plausible, or at worst
is a short-term aberration immediately rectified by market movements or the

action of arbitragers,

The terminal value of the convertible bond, Tvit' is calculated as:

= Max (P + Cpit' Xit)' if called for conversion;

(=
ct
!

i

Max (P, xit), if called for sinking fund; (14)

4

Bvit' in the absence of calls.,
CPit is the call premium, if any, on the bond.
Rates of return from holding the convertible bond and from holding

the underlying stock, ib and is' respectively, are calculated through an
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iterative process from the following standard equations:

n

. =t . . mn
BV;g + TCy = tEo ;g (A+ip) 7 4+ (TV, = TC (1 + i) (16a)
and
n t
_ . L - ;N =D
SPio + IC_ = t§oDit(l+ls) + (SPin Tcn)(l + 13) (16b)
where Dit = cash dividend per share, and TC. = transactions costs.

For comparability, ib and iS are always calculated at the same point
in time, and annualized,

The investor's horizon is relevant only when there is no involuntary
termination. When the horizon is reached, the model generates the convertible

bond value by equations (10) and (11) above, and the period-by-period

analvsis is terminated.

VI. Simulation Results

and the
As evidenced by Table 4 JAppendix,the 25 convertible issues chosen

for simulation featured well diversified industry representation, beta

values for the underlving common stocks that ranged from 0.6473 to 1.9143, and

median ratios of (a) conversion to straight bond value between 0.9 and 1.1,

(b) initial stock price to conversion price between 0.6 and 0.8, and (c)

bond premium to bond price between 0.10 and 0.15., Almost three-fifths had

maturities between 1990 and 1995. One-fourth had sinking funds in effect.
Simulation results, summarized in Table 4, ran the gamut from

virtually identical cumulative distributions of rates of return for both the

convertible bond and the underlying stock to largelv unrelated distributions.

Appendix Table 1 shows the mean, standard deviation, skewness, kurtosis,

median and interquantile range for each convertible bond and underlying stock
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simulation. The number of Monte Carlo runs per simulation was universally
set at 50; and the investor's horizon at 60 months.

Highly similar bond and stock distributions (simulations numbered
2, 3, 5 and 17) arose in situations where (1) the initial conversion value
exceeded the straight bond value, (2) the initial stock price was high in
relation to the conversion price, and (3) the bond premium was negligible.
The differential between coupon rates and cash dividends gave rise to
expected returns on convertible bonds slightly in excess of those on the
underlying stocks,

Closely related bond and stock cumulative distributions {simulations
numbered 7, 9, 10, 14, 16 and 22) featured (1) initial conversion values
greater than straight bond values, and (2) initial stock prices =lightly
less than conversion prices. The association between expected returns on
convertible bonds and underlying stocks was mixed.

Third in order of closeness of association between the convertible
bond and common stock digtributions was a set of four simulations (numbered
1, 15, 18 and 19). Conversion to straight bond values averaged about cone
for this group, but there was an apparent trade;éff between the level of
such ratios and the beta values, Once again, no consistent relationship was
visihble for paired rates of return,

From a comparative return standpoint, the least attractive convertible
bond situation (simulations numbered 20 and 23) was one characterized by
{1} low beta values, ({(2) initial conversion values somewhatl in excess of
straight bond values, (3) initial stock prices, as a fraction of conversion
prices, in the neighborhood of two-thirds, and {4) bond premiums in the
median range. The comparatively poor convertible bond performance stemmed
from the fact that the bond premium tended to decline whichever direction the

underlying stock happened to move.
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The classic floor characteristic of convertible bonds (simulations
numbered 6, 8, 11, 13, 21, 24 and 25) appeared in instances featuring (1)
high beta values and (2) conversion to straight bond values slightly less
than unity. Comparative bond-stock returns were dependent upon the size of
the initial bond premium and the frequency with which the bond premium was
forced to zero by calls to force conversion.

Table 5 shows the specific influence of initial bond premiums upon
realized rates of return. Given that the stock price is growing at 10% per
year and that the convertible bond is called at the end of three vears, for
instance, an initial bond premium of 1%% (over conversion value) halves the
realized rate of return on the convertible bond to 5%, Other combinations
produce other results,

As indicated in the foregoing application of the market model, the
interdependence between the convertible bond and its underlying common stock
hinges largely upon the relationship between the conversion value and straight
bond value. The extreme case simulated (AVCO, numbered 4) featured the lowest
conversion-to-straight-bond ratio and a non-call provision (precluding forced

conversion} that extended past the 60-month horizon.

VII. Concluding Remarks

Notwithstanding the limitations of the market model, the conclusion
seems inescapable that--in the case where conversion values equal or exceed
straight bond values--the bond floor contributes less to the worth of the
convertible bond than is normally believed. As the ratio of conversion
value to straight bond value approached one for the sample issues, the median

differential in the observed beta values declined to .13.



Table 5
Effect of Bond Premium on Realized Rate of Return
Growth in

Stock Price
and Years to

Rate of Return on Convertible Bond
if Bond Premium over Stock is:

Conversion 10% 159, 20%
5%
1 year * * *
3 years 1.7% 2% *
5 years 3.0 2.1 1.29
10%
1 year 0 * *
3 years 6.6 5.0 3.5
5 years 7.9 7.0 6.0
20%
1 year 9.1 4,5 .0
3 years 16,2 k.5 12.9
5 years 17.7 16,7 15.7

* Negative

return



28

Other things being equal, the significance of the floor characteristic
varies directly with the volatility of the underlying stock. Simulations
in which the bond floor assumed importance generally had common stock beta
values in excess of unity and ratios of conversion to straight bond values
of less than one, but roughly two-thirds or more.

Behavioral input, derived for the simulation model, attested to the
powerful influence of the relationship between conversion values and straight
bond values upon convertible bond premiums and to the asymmetry of regres-
sion models designed to explain bond premiums, depending upon whether con-
version values or straight bond values dominated. Also in evidence was the
substantial risk of involuntary termination through calls to force conversion.

The simulation model, designed to compensate for the deficiencies
of both the market model and the conventional model, offers good potential
for improved forecasts of the possible rates of return on convertible
debentures conditional on the behavior of the underlying stock, It is
limited only by our ability to derive realistic behavior input. 8ince both
convertible bond and stock returns are generated simultaneously, it is pos-
sible to establish the degree of correlation between the two sets of returns
and thus to improve on the market model estimates.

Subject to the usual qualifications, the simulation results point to
certain imperfections in the arbitrage process. At the upper end of the
conversion value scale, the difference befaeen the coupon rate and adjusted
cash dividends was not reflected in the bond premium, For eleven of 25
simulations, the expected return on the convertible bond exceeded that on
the corresponding common stock, even though the standard deviation of returns
was lower for the bond than for the stock. With but two exceptions, ratios
of expected return to standard deviation of returns for convertible bonds

surpassed those for the underlying stocks.



The magnitude of these imperfections can only be speculated, Other
moments of the distribution, as shown in Appendix Table 1, may be pertinent

to the decision calculus; the behavioral input may be suspect; and so on,
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APPENDIX

Securities in the Sample

(1) Allegheny Iudlum hks, 10/1/81%

(2) Amerads Hess W4is, 5/1/87

(3) Armour Lis, 9/1/83*

(4) Aveo Corp. 5%s, 11/30/93

(5) Bsusch & Lomb 43/4s, 7/1/80

{(6) Bulova bs, 2/1/90

(7) Celanese 4s, 4/1/90%

(8) Duplan 53s, 2/1/9L

(9) General Tel. Ls, 3/15/90
(10) Greyhound 63s, 1/15/90

(11) Howmet 4is, 8/1/92

(12) MSL Ind. W3s, 10/1/84x
(13) Metro-Goldwyn 5s, 7/1/93

(14) National Can 5s, 10/1/93*%
(15) Nat'l Distillers Uis, 8/1/92
(16) Pan. Am. Air. Uds, 1/15/84%
(17) Phillip Morris 6s, 9/1/94
(18) Phillips-Van Heusen 538, 5/15/94
(19} Pillsbury 43/ks, 2/15/89
(20) So. Cel. Edison 31/8s, 8/15/80
(21) Sunshine Mining 63s, 4/15/89
(22) Tandy Corp. 5s, 5/1/89
{23) Union Pacific 43/ks, 4/1/99
(24) United Aircraft 43s, 10/1/92
(25) White Cons. 53s, 10/23/92

»*
Sipking fund operative within the 1971-1975 period. Except for Avco Corp. 5%3,

11/30/93, all the securities wWere calleble for conversion during the same period.
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