Theoretical Economics Letters, 2014, 4, 341-349 .0:0 Scientific
Published Online June 2014 in SciRes. http://www.scirp.org/journal/tel ‘02:0 Research
http://dx.doi.org/10.4236/tel.2014.45045

Valuation of Certificates on a Straddle with
Forward Start—Theory and Evidence

Rodrigo Hernandez!, Yinying Shao?

1Accounting, Finance and Business Law Department, Radford University, Radford, USA
’Finance Department, Towson University, Towson, USA
Email: rjhernand@radford.edu, yshao@towson.edu

Received 13 February 2014; revised 13 March 2014; accepted 30 March 2014

Copyright © 2014 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

This paper introduces a new financial product named Certificates on a Straddle with Forward
Start and provides detailed descriptions of the product specifications. It shows that the payoff of a
Certificate on a Straddle with Forward Start can be duplicated by the combination of long posi-
tions in call and put options on the underlying asset. A pricing formula is developed to price the
certificates. A certificate issued by Credit Suisse is presented as an example to examine how well
the model fits empirical data. The results show that issuing Certificates on a Straddle with For-
ward Start is a profitable business and the results are in line with previous studies pricing other
structured products.
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1. Introduction

Over the last two decades, we have witnessed an explosive growth in volume, variety and complexity of modern
structured financial products—i.e. newly created securities through the combination of fixed income securities,
equities, and derivative securities [1]-[3]. The popularity of these products is mainly due to the relative high
coupon rate paid by some of these products (e.g. Reverse Convertible Bonds) or the highly levered payoffs (e.g.
Bonus Certificates, Outperformance Certificates, etc.) when the market interest rates are at all-time lows. For
example, US dollar-denominated structured products became very popular in the era when the US Federal Re-
serve Bank consecutively lowered the federal fund rates 13 times from 6% on January 3, 2001 to 1% in June
2003—the lowest level in the previous six decades. Recently, we have experienced another run of decreasing
federal fund rates. The Federal Reserve Bank lowered the federal fund rates 10 times from 5.25% on June 29,
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2006 to between 0% and 0.25% in December 17, 2008—the all-time low. The appetite for higher returns would
make structured products a natural choice.

However, investors are often required to take a high degree of risks that not always understand or are capable
of assuming [4]-[10]. The potential loss of an investment in some types structured products could hypothetically
result in a total loss of the invested capital. So, the current market conditions given (i.e. low interest rates and
appetite for higher returns) combined with the complexity of these newly created financial instruments make the
study of these securities more relevant than ever.

The purpose of the paper is to provide an in-depth economic analysis for the Certificates on a Straddle with
Forward Start® (to be referred to as CSFS henceforth) to explore how the principles of financial engineering are
applied to the creation of such newly structured products. A pricing model for the certificates is developed by
using option pricing formulas. In addition, an example of a CSFS issued on March 18, 2005 by Credit Suisse (to
be referred to as CS henceforth), a well-recognized large bank in Europe, is presented. In this example, the cer-
tificate is priced by calculating the cost of a portfolio with a payoff similar to the payoff of the certificate.

The rest of the paper is organized as follows: the design of the certificates is introduced in Section 2; the pric-
ing model is developed in Section 3; in Section 4, an example of CSFS is presented and the profit for issuing the
certificate is calculated using the model developed in Section 3; Section 5 presents the conclusions.

2. Design of Certificates on a Straddle with Forward Start

The rate of return of a CSFS is contingent upon the price performance of its underlying asset over the last three
months of its term to maturity. The beginning date of the term to maturity is known as the initial fixing date. The
beginning date for calculating the gain (or loss) of the underlying asset is known as the strike setting date and
the ending date of the term to maturity is known as the final fixing date. The certificate enables the investor to
participate in the potential increase in the volatility of the underlying asset between the initial fixing date and the
strike setting date. After the strike level is fixed, the certificate consists of a regular Straddle on the underlying
asset. The strike level is set equal to a positive constant, «, times the price of the underlying asset on the strike
setting date, and the final index level price equal to the underlying asset on the final fixing date.

If I; is the underlying asset price on the strike setting date, (afy) the strike level, and Iy the final index level,
then for an initial investment in one certificate, the total value that an investor will receive on the redemption
date (known as the redemption price), V7, is equal to:

I; —al,

ifl; 2al,
v. =s1000] " 1
T = Ll (1)
ZhTT L <al,
al,

Alternatively, the relationship between the terminal value of a certificate and the terminal value of the under-
lying asset based on the change in the underlying asset price (without taking into account dividends) can be
represented in Figure 1.

3. The Pricing of Certificates on a Straddle with Forward Start

The terminal value from Equation (1), V5, for an initial investment in one CSFS on strike setting date t, at-the-
money (i.e. « = 1), and with term to maturity T, can be expressed mathematically as:

_ $1000

vV, *[ max (1,-1;;0)+max (0; I;-1,) | @)

t
The max [l+-1y; 0] in Equation (2) is the payoff for a long position in forward start European call options with
exercise price l;. The max [li-11; O] in Equation (2) is the payoff for a long position in forward start European put
options with exercise price l.. The $1000/I; in Equation (2) is the number of put and call contracts needed per
$1000 notional value of the certificate. The exact value of the number of contracts cannot be determined in ad-
vanced in year 0 since I, is the price of the underlying asset on the strike setting date (i.e. year t). The best esti-

Forward start options are options with time to maturity T, starting at time t in the future with the strike price usually set equal to the under-

lying asset price at time t (i.e. at-the-money).
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Figure 1. The terminal value and percentage return of an investment
in one CSFS as a function of underlying asset price I, with strike
level equal to af, issue price equal to $82.40, and notional amount
equal to $1000. The solid line represents the terminal value of the
certificate on the final fixing date T, as a function of the terminal
value of the underlying. The dashed line represents the terminal value
of the underlying asset.

mation of the underlying asset’s price in year t using risk-neutral valuation would be | e(r " the expected
price in year t based on futures’ carry cost, where r is the risk-free rate of interest and q is the d|V|dend yield rate
of the underlying asset.

$1000
[ mex

e(r at +max(0 | It):| (3)

The payoff of one CSFS is exactly the same as the payoff for holding the following two positions:

1) A long E)osmon in forward start European call options on the underlying asset. The number of calls is
$1000/I e the exercise price of the option is I;, and the term to expiration is T (which is the term to matur-
ity of the certlflcate).

2) A long E:)osnion in forward start European put options on the underlying asset. The number of puts is
$1000/I e the exercise price of the option is I;, and the term to expiration is T (which is the term to matur-
ity of the certlflcate).

Since the payoff of a CSFS is the same as the combined payoffs of the above two positions, the fair value of
the certificate can be calculated based on the value of the two positions. Any selling price of the certificate
above the value of the above two positions is the gain to the certificate issuer. The value of Position 1 is the
value of $1000/ Ioe(r'q)t , shares of forward start European call options with time to maturity T, starting at-the-
money at time t in the future, the strike is set equal to the underlying asset price at time t, and with each option
having the value ¢ [11]:

C = lo[ €N (d;) e EN(d,) | @)
where
[r—q+O;J (T-1)
d, = (%)
o
d,=d, —o(T —t) (6)

where ¢ is the standard deviation of the underlying asset returns.

Equation (4) can be simplified to [12]:
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c, =e%c (7

S

where c is the value at time zero of an at-the-money call 0[.))tion that lasts for (T —t).

The value of Position 2 is the value of $1000/ Ioe(r’qt shares of forward start European put options with
time to maturity T, starting at-the-money at time t in the future, the strike is set equal to the underlying asset
price at time t, and with each option having the value pg [11]:

Py =l "IN (=d,)-e TN (~d,)] ®)
with d; as in Equation (5) and d, as in Equation (6). Equation (8) can be simplified to [12]:
pfs = eiqt p (9)

where p is the value at time zero of an at-the-money put option that lasts for (T — t).3 Therefore, the total cost,
TC, for each certificate is

$1,000
TC :W<Cfs +Py)
TC = $1,000 e"(c+p) (10)

0

If By is the issue price of the certificate, any selling price above the fair value is the gain to the certificate is-
suer. And the profit function (IT) for the issuer is

IM=B,-TC (11)

It is worth noting that, 1) when the exercise price of the option components is the same as the initial underly-
ing asset price (lp), lo vanishes from Equation (11). The fact that the profit function for issuing CSFS is inde-
pendent of the initial price lyis a very important feature in the design of a CSFS because once a CSFS is de-
signed, it can be issued any time before the strike setting date regardless the price of the underlying stock since
the issuer’s profit will not be affected by this price; 2) all the “Greeks” of the certificates are similar to those of a
long Straddle—the “Greeks” are quantities representing the certificates’ price sensitivities to a change in one
input of the pricing formula at the time.

4. Empirical Test

In this section, a CSFS, denominated in US dollars, issued by Credit Suisse on March 18, 2005 using the Nas-
dag-100 Index as the underlying asset is empirically examined. The major characteristics of the certificate are
listed in Appendix 1 of the paper.

Based on the information in Appendix 1, the certificate was issued on March 18, 2005 with notional amount
equal to $1000 and sold at $82.40. The strike setting date (i.e. the date on which the closing price of the under-
lying asset will be used as the initial index level) was set on December 16, 2005, approximately three months
before the maturity date (or final fixing date). The final fixing date (i.e. the date on which the closing price of
the underlying asset will be used as the final index level) was set on March 17, 2006, approximately one year
later than the issue date (or initial fixing date). In order to calculate the issuer’s profit, the following data is
needed for the certificate: 1) the price of the underlying asset, 1o, 2) the cash dividends to be paid by the under-
lying assets and the ex-dividend dates so the dividend yield, g, can be calculated, 3) the risk-free rate of interest,
r, and 4) the volatility of the underlying asset, o. Equations (4), (7), and (8) are based on continuous dividend
yield. Since dividends for the Nasdag-100 Index are discrete, we calculate the equivalent continuous dividend
yield. See Appendix 3 for the details of how equivalent continuous dividend yield rate is calculated from dis-
crete dividends.

The prices and dividends of the underlying asset are obtained from Bloomberg; the risk-free rate of interest is
the yield of government bonds (alternatively, swap rates) of which the term to maturity match those of the cer-
tificate. If a government bond that matches the term of maturity for a particular certificate cannot be found, the
linear interpolation of the yields from two government bonds that have the closest maturity dates surrounding

23g5ee Appendix 2 for more details on the derivation of the formulas.
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that of the certificate are used. The volatility (¢) of the underlying asset is the historical volatility calculated
from the underlying securities prices in the previous 260 days is used. The one-year rate of interest, r, on March
18, 2005, the initial fixing date of the certificate, based on the US Dollar swap rates is 3.684%. The dividend
yield, g, of the Nasdag-100 Index is 0.43%. The Nasdag-100 Index value on the initial fixing date of the certifi-
cate, lo, is 1484.40. The implied volatility of the Nasdag-100 Index based on the stock options is 16.27% on the
issue date. The cost of carry forward is 1532.52. Therefore, the total cost of issuing one CSFS, TC, based on
Equation (10) is

TC = $1.000 e (c+p)
IO
_ _S1000 ¢ oasssarorers (54.41+42.30) = $63.38 (12)
1484.40
The profit for issuing each the certificate, x, is
IT=$82.40-%$63.38 = $19.02 (13)

So the profit for issuing each CSFS is approximately $19.02. There are several ways to examine the reasona-
bleness of the profit (or the quality of the model). One way to test the quality of the model is to examine the
profit on the certificate. Since the cost of issuing a certificate is about $63.38 per certificate, then, a profit of
$19.02 seems reasonable. Alternatively, the rate of return on such a transaction can be examined. A profit of
$19.02 on a transaction that requires an investment of $63.38 over one year period translates into an annual rate
of return of 30%.

The result in the paper provided additional evidence that structured products have been overpriced, 2% - 7%
on average, in the primary market based on theoretical pricing models [1]-[29] for various types of structured
products. The significant mispricing (30%) reported in this paper is especially in line with exotic certificates
studied in the literature. Hernandez et al. [22] find that exotic cases of Bonus Certificates were overpriced 20%
on average; Hernandez et al. [2] find that exotic cases of Japanese-Yen denominated Reverse Convertible Bonds
were overpriced up to 30% on average, and Hernandez et al. [23] find that Protect Certificates were overpriced
up to 19% on average.

5. Conclusion

In this paper a newly structured product known as cCSFS is introduced and detailed descriptions of the product
specifications are provided. A pricing formula is developed to price the certificates. This paper shows that the
payoff of a CSFS can be duplicated by the combination of a long position in put and call options with forward
start on the underlying asset. A certificate issued by Credit Suisse is presented as an example to examine how
well the model fits empirical data. The methodology used in this paper can be extended to the analysis of other
structured products.
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Appendix 1
Example of a Certificate on a Straddle with Future Start

The certificate in Appendix 1 was issued by investment bank Credit Suisse using the Nasdag-100 Index as the
underlying asset. The fixing date Credit Suisse set for the certificate was March 18, 2005 and the issue price of

the certificate was $82.40 per certificate. The final fixing date was set on June 17, 2006.

CREDIT
SUISSE

Certificates in USD on a Straddle with forward start on the Nadag-100 Index®

March 31, 2005 until March 24, 2006

Issuer

Underlying

Swiss Security Number/ISIN
Notional Amount

Issue Price

Straddle Premium on the Initial
Fixing Date

Straddle

Initial Fixing Date

Payment Date

Strike Setting Date

Strike Level

Last Trading Date

Listing

Final Fixing Date

Index Level

Redemption Date

Redemption Price

CREDIT SUISSE, Zurich

Nasdag-100 Index® (“Index”), Bloomberg Ticker: NDX
2102 992/CH 002 102 992 8

USD 1000.00

USD 82.40

8.24% of the Notional Amount

A long position in a European-style call and put option on the Index with the same
at-the-money Strike Level and with the same expiration on the Final Fixing Date

March 18, 2005

March 31, 2005

December 16, 2005

100% of the official closing level of the Index on the Strike Setting Date
March 17, 2006, until the end of the SWX Swiss Exchange trading hours
None

March 17, 2006

100% of the official closing level of the Index on the Final Fixing Date
March 24, 2006

Notional amount multiplied by the Straddle Premium in percent of the Strike Level
on the Final Fixing Date, i.e.

Index Level-Strike Level Strike Level-Index Level

Notional Amount*[max(

Minimum Trading Lot

Issue Size

Strike Level

Strike Level ﬂ
1 Leverage Certificate

10,000 Leverage Certificates

Appendix 2

In this Appendix, we present the derivation of the pricing formulas for forward start European options with time
to maturity T and that start at-the-money or proportionally in- or out-of-the-money after a known elapsed time t
in the future (Equations (4) and (8)) from Rubinstein [11] formulas. In Rubinstein [11], the pricing formulas for
forward start European call (cs) and European put (pss) options are:

C, = 1,80 [e(b’r)(T’l)N (dl)—aefr(T’t)N (dz)] (A2-1)

P = Ioe(b*”t [ae—r(T—t)N (—dz)—e(b’r)(T’t)N (_dl ):| (A2-2)

) In(ij+[b+022j(T 1)
t

)

7

where

(A2-3)
(o2
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d,=d,~of(T-1) (A2-4)

If we define b as the cost of carry rate (i.e. the cost of interest plus any additional costs) continuously com-
pounded, the Black-Scholes [16] Merton [27] pricing model can be adapted to incorporate the cost-of-carry rate
b and price European options on stocks or indices paying a continuous dividend yield. When b, the cost of carry
rate, is set equal to the risk free interest rate, r, minus the continuous dividend yield rate of the underlying asset,
g, the model gives the Merton [27] option pricing formulas with continuous dividend yield, g.

If we substitute b for (r — q) in Equations (A2-1), (A2-2), and (A2-3)

c =16 [e—q(T—r)N (dl)—aefr(T’t)N (d, )] (A2-5)
P =16 [ae—r(T—t)N (—dz)—e’q(T*‘)N (~d, )] (A2-6)
2
In[1j+(r—q+02](T -t)
d,=—2 (A2-7)
oy(T-t)

In the case of forward start European options, the strike price of the options is set equal to a positive constant,
a, times the asset price I, after the known time t. If « is set equal to one, the options will start at-the-money and
Equations (A2-5), (A2-6), (A2-7), and (A2-4) are simplified and equal to Equations (4), (7), (5), and (6) respec-

tively:
Cp =le™ [e IN(d, ) e "IN (dZ)J
ci=lo[ &N (dy)-e"" (d;)] (A2-8)
P =loe ™[ TIN(~d;)—e T IN(-d,)]
P =lo[ e T IN (=) e TN (- dl)] (A2-9)
(r—q+022) (T-t)
d, = (A2-10)
o
d, =d, —o /(T -t) (A2-11)

If we define T* as the time to maturity of the forward start European call options on the strike setting date t
(i.e. T* = T —t), Equation (A2-8) is simplified to

c, =e ", [e‘qT*N (d,)—e""N(d, )]
¢, =e%c (A2-12)

where c is the value at time zero of an at-the-money European call option that lasts for T* and

)

d, = (A2-13)
o
d, =d, —oT* (A2-14)

If we define T* as the time to maturity of the forward start European put options on the strike setting date t
(i.e. T* = T —t), Equation (A2-9) is simplified to

P, =", [e’”*N (-d,)-e N (—dl)J
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Pe=e"p (A2-15)

where p is the value at time zero of an at-the-money European put option that lasts for T*, d; as in Equation
(A2-13), and d, as in Equation (A2-14).

Appendix 3

In this Appendix, we present the approach we use calculating the equivalent continuous dividend yield rate for
stocks that pay discrete dividends. For an underlying asset which is an individual stock with a price lpatt =0
(the issue date) and which pays n dividends during a time period T with cash dividend D; being paid at time t;,
the equivalent dividend yield rate g will be such that

o= De ™ =1,

i=1 1

n e n -1t/
e — Iy _Zi:1Die I —1- Zi:lDie I

Iy Iy

—qT = In l:l__zinl Die_ni’ :l

Iy

24 D_efrt;
Inj1-== 1
Io
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