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Empirical Tests of the Pricing of
Nikkei Put Warrants

Jason Z. Wei*

Abstract

The purpose of this study is to empirically examine
the pricing of Nikkei put warrants, which are long-term
put options written on the Nikkei 225 index. Using war-
rants traded on the Toronto Stock Exchange, this study
performs various tests on the pricing models proposed by
Dravid, Richardson, and Sun [11], Reiner [24], and Wei
[31]. It is found that the models tend to overprice the
warrants. The overpricing, possibly caused by the omis-
sion of the credit risk and the Extraordinary Event
Clause, is found to be positively related to the degree to
which the warrants are in the money, the volatility level,
and the trading volume.

Introduction

Recently cross-currency derivative securities have
gained increasing popularity. Major exchanges in North
America have listed options on such foreign stock in-
dexes as the Nikkei 225, FT-SE 100, and CAC 40.
Among the listed foreign index warrants, the most popu-
lar is the Nikkei Put Warrant (NPW hereinafter). For
instance, the American Stock Exchange (AMEX) listed
six different issues of NPWs in early 1990. The Toronto
Stock Exchange (TSE) also listed six different issues of
NPWs (see the appendix for details). Despite the in-
creasing popularity of the foreign index warrants, the
literature has been lacking in formal treatments on
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these instruments in terms of both theoretical pricing
and empirical testing. There are a few exceptions. Rum-
sey [26] discusses the estimation of volatilities for a par-
ticular class of cross-currency options.' Reiner [24]
shows in a heuristic fashion how certain cross-currency
options can be priced. Wei [31] discusses specific issues
for the pricing of NPWs. Wei [32] also examined the
pricing of cross-currency options in a broader setting. A
study that is closely related to the current paper is by
Dravid, Richardson, and Sun [11]. Working with NPWs
traded on the American Stock Exchange, they compare
the trading prices with the model prices and conclude
that the pricing models perform reasonably well. Other
related papers are by Derman, Karasinski, and Wecker
[10] and Gruca and Ritchken [16]. Except for Dravid,
Richardson, and Sun [11] and Wei [32], the above cited
papers concentrate on the description and theoretical
pricing of cross-currency products. No attempt is made
to empirically assess the pricing models.

The purpose of this study is to empirically examine
the pricing models for NPWs developed in Dravid,
Richardson, and Sun [11], Reiner [24], and Wei [31]. As
an attempt in the literature to empirically investigate
the NPW market, this study will shed light on the per-
formance of the models and related issues. This should
constitute the major contribution of the study. NPWs
traded on the Toronto Stock Exchange are used to per-
form the tests. This choice is dictated by the fact that
there are more varieties on the TSE than on the AMEX.?
The remainder of the paper first briefly describes the
NPWs and introduces the pricing models. It then de-
scribes the data and the tests, followed by discussions on
empirical results and the conclusion.

The Nikkei Put Warrants and Their Valuation

The Nikkei Put Warrants

An NPW is a put option written on the Nikkei 225
index. The key difference between an NPW and a con-
ventional put option is that an NPW is traded in dollars
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while the underlying asset (i.e., the Nikkei 225 index) is
denominated in yen. Depending on how the yen payoff is
converted into dollars, there are four possible payoff
specifications. Notation:

Nikkei 225 index level in yen;

current US$/Jap¥ (or Cdn$/Jap¥) exchange
rate;

pre-specified, fixed exchange rate;

exercise price in yen;

domestic riskfree interest rate (constant);
Japanese riskfree interest rate (constant);
annual volatility of the Nikkei index;

annual volatility of the exchange rate;
correlation coefficient between the index and
the exchange rate;

qg = continuous dividend yield on the Nikkei
index;

current time;

maturity date.

TAATYRK N®
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The possible specifications can then be summarized as
follows:*

Category Payvoff vupon Exercise in Dollars

Category I NPWs: Max[0, XK — Sp)]
Category II NPWs:  Max[0, X(K — S;)]
Category III NPWs: Max[0, X,K — XS/l
Category IV NPWs: Max[0, X,K — XS]

For the first category, the yen payoff of the warrant is
converted into dollars at the prevailing exchange rate,
X;. For the second category, a pre-specified exchange
rate, X, is used to convert the yen payoff. The fixed
change rate, X, is specified at the time of issue and re-
mains the same throughout the life of the warrant. The
payoff conversion is slightly complicated for the last two
categories. When a Category III NPW is exercised, the
exercise price is converted at the prevailing exchange
rate X,, while the terminal Nikkei index level is con-
verted at a pre-specified exchange rate X,. It is the oppo-
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site for a Category IV NPW. Here, the exercise price is
converted up-front at the fixed exchange rate X,, and
hence stays constant in dollars, whereas the Nikkei in-
dex is converted at the spot exchange rate. At any point
in time, the quantity XS is simply the dollar price of the
Nikkei index. Except for Category III, all the other cate-
gories of NPWs have appeared on either the American
Stock Exchange or the Toronto Stock Exchange, or both.
All listed NPWs are American style options in that they
can be exercised anytime before maturity.

Due to the time zone difference, the exercise of an
NPW can not be settled immediately. A simultaneous
quote for the Nikkei index does not exist when the North
American markets are open. As a result, NPW issuers
typically specify a one- or two- (business) day exercise
delay. On the TSE, Trilon Financial Corporation NPWs
have a two-day exercise delay, while the other warrants
have a one-day exercise delay. For instance, if an exer-
cise notice is delivered on Thursday for a Trilon Finan-
cial Corporation NPW, the issuer will wait and use the
following Monday’s close of the Nikkei and the exchange
rate to settle the exercise. For other warrants, Friday’s
closing data will be used for the exercise settlement.

Valuation of Nikkei Put Warrants®

Assuming joint geometric Brownian motions for the
Nikkei index and the exchange rate in a Black-Scholes
environment, Dravid, Richardson, and Sun [11], Reiner
[24], and Wei [31] independently show that all categories
of ordinary cross-currency options can be priced within a
one-state-variable framework despite the presence of
two underlying variables (i.e. the foreign index and the
exchange rate). Wei [31] specifically shows that the one-
state-variable framework also applies to NPWs. The di-
mension reduction enables Wei [31] to derive
closed-form pricing formulas for all categories of Euro-
pean NPWs. For American style NPWs, closed-form for-
mulas do not exist. Numerical procedures such as a
binomial tree must be used. Generally speaking, a three-
dimension tree is required to handle a two-state-variable
American option. However, Wei [31] shows that the di-
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mension reduction with European NPWs also extends to
American NPWs.? Therefore, only a two-dimension tree
(e.g., [9]) is needed. Specifically, Wei [31] suggests using
either a binomial [9] or a trinomial [4] lattice, the frame-
work of which can be summarized as follows.’

Current

Value of

the State Strike Dividend Discount

Variable Price Drift Rate Variance Yield Rate
Category I SX KX re o2 q rf
Category II SXo KXo re— o2 q r

2p0;0x
Category IV SX KXy r o+ 2pgscsx q r
+ Ox

When pricing an NPW using the above framework,
one proceeds as if an ordinary lattice tree is being built to
price an ordinary put option. The only difference is that
different inputs are used for the tree construction. For ex-
ample, to price a Category II NPW, a trinomial lattice is
built for a state variable with SX,, being its current value,
o, its volatility, and (r,— 2poc,0,) its drift. (In contrast, in a
standard lattice, the risk-neutral drift is r.) Then one
works backwards along the tree to solve for the American
NPWs value with exercise price KX,. (See Wei [31] for a
detailed example of implementing the above framework.)

It should be pointed out that two approximation as-
sumptions are necessary in order to apply the pricing
framework to American NPWs. First, it is assumed that
the closing level of the index from the previous trading
session in Tokyo is the current value of S (i.e., prices are
assumed to be simultaneous). Second, the exercise delay
can be ignored, and the exercise of a warrant will be set-
tled immediately. Obviously, pricing errors are intro-
duced when making these two assumptions. However, as
shown in Wei [31], the pricing errors are quite small.
Therefore, for practical purposes, the approximations
are well warranted.

In this study the above pricing framework is tested.
Specifically, a 100-step trinomial lattice [4] in conjunc-
tion with the control variate technique [17] is used to
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price American NPWs traded on the Toronto Stock Ex-
change. The model prices are then compared with the
market prices. The European counterpart of each war-
rant is used as the control variable when implementing
the control variate technique. Closed-form pricing for-
mulas for European NPWs are given in Wei [31].

Test Design

The Data

The data used in this study come from four sources:
the Nikkei Telecom—Japan News & Retrieval, RBC Do-
minion Securities Inc., Nomura Inc. Canada, and the fi-
nancial newspapers. Specifically, the warrant data set
was originally supplied by the RBC Dominion Securities
Inc. and was updated/completed using daily quotations
from the Globe and Mail daily newspaper. The data set
contains daily high, low, close, and volume for the six
warrants listed on the Toronto Stock Exchange. The AB
Svensk Exp. Corp. warrant is deleted from the data set
due to thin trading. The sample period ends on May 31,
1991, for all five remaining warrants. The starting date
varies. The sample period starts on June 14, 1989, for
BT Bank of Canada Series I and II NPWs, and April 10,
1990, for the other two series. For Trilon Financial Cor-
poration NPWs, the data start on February 23, 1990.

The daily open, high, low and close quotes for the
Nikkei 225 are retrieved from the Nikkei Telecom—dJapan
News & Retrieval. Daily quotations for the Cdn$/Jap¥ ex-
change rate in the same time period are taken from the
Globe and Mail newspaper.

Yields on government bonds with maturity dates
close to those of the warrants are used in lieu of the risk-
free interest rates. Because the warrants expire on dif-
ferent dates, bonds with different maturities are used.
Daily Canadian government bond prices are obtained
from the Financial Post. Their Japanese counterparts
are obtained from Nikkei Telecom—Japan News & re-
trieval. Continuously compounded yields are calculated
from bond prices.’
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Finally, monthly dividend yield data, starting in
January 1980 and ending in December 1990, are ob-
tained from Nomura Inc. Canada. The yields in this pe-
riod are used to obtain a simple moving average forecast
for the next two years, which is 0.43 percent per annum.
It is assumed that a continuous dividend yield of 0.43
percent will prevail during the data period.®

The Tests

The major objective is to test the predicting power
of the proposed valuation models reviewed earlier.
Broadly speaking, there are two classes of tests in the
literature that investigate the predicting power of option
models. Tests in the first class make direct comparisons
of actual prices and model prices. If the model is valid,
then the predicted model price should not deviate sys-
tematically from the actual price (e.g., [3, 20, 21, 30]).
Tests in the second class are based on volatilities im-
plied from actual option/stock prices, using the tested
pricing model. If the model is valid (and if the market is
efficient, and the other parameter inputs are accurate),
then the implied volatilities should behave as dictated
by the model. For example, if the Black-Scholes model is
valid, then the implied volatility should be stationary
over time, across maturities and exercise prices (e.g., [1,
5, 6, 25, 28]). The methodology employed in this study
falls into the first class.

Two questions can be asked: 1) Are the market
prices of the NPWs significantly different from those
predicted by the pricing models? 2) If the answer to
question 1) is “yes”, are there any systematic relation-
ships between the deviations and the model parameters,
such as time to maturity? A deviation test will be carried
out to answer the first question, and regression tests to
answer the second question. Because model prices are
needed to complete the tests, it is necessary to illustrate
how the unobservable parameters are estimated.

Estimation of the Unobservable Parameter
Values. It can be seen in the previous section that the
unobservable parameters include the index volatility o,,
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the exchange rate volatility ¢,, and the correlation coeffi-
cient between the index and the exchange rate p. For
Category I NPWs, only the index volatility enters the
pricing model. For Category IV NPWs, the three pa-
rameters enter the pricing model as a single input
v* = 6+ 20, + 0 (0,, = po,o,). For Category II NPWs,
the three parameters enter the pricing model as two in-
puts, o, and 6,,. There are two alternative approaches to
estimating these parameters. The first approach in-
volves calculating historical volatilities and correlation
coefficient and using them as the required parameter es-
timates. The second approach involves computing the
parameter values from the pricing models using values
of the observable variables/parameters. The well known
drawback of the first approach is its backward-looking
nature; i.e., it can not incorporate investors’ expectations
about the future volatilities (and the correlation). Many
researchers have used this approach for conventional op-
tions.’ Because all NPWs have a relatively longer time to
maturity, there is a unique problem which is less of a
concern for ordinary options with shorter maturities:
How far back should the data go in order to calculate a
historical parameter value that will be used as a for-
ward-looking estimate applicable to the next two (or
three) years? If the data do not go back far enough (say,
using data for the past three months), then there is the
risk of getting a totally wrong estimate;" if, however, the
data go back too far (say, using data for the past three
years), there is the problem of putting too much weight
on the remote observations that are less relevant for pre-
dicting the future. In light of this dilemma, the second
approach is used in this study, whose major advantage
is the ability to incorporate investors’ expectations. The
drawback, of course, is its reliance on a particular pric-
ing model. If the model is the one under study, then this
approach is subject to the error of “using the model to
test the model.” The commonly adopted technique to
overcome this problem is to use the previous day’s im-
plied volatility as the current day’s volatility estimate.
Moreover, multiple options are used so that a weighted
average of implied volatility can be calculated as the
volatility forecast.
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In this study, the implied volatilities and covariance
are calculated in the following steps.

a) Compute the volatilities and covariances for day
¢t — 1 based on the observable variables on day ¢ — 1. Spe-
cifically, for Category I NPWs, ¢, is imputed; for Cate-
gory IV NPWs, v = Vo + 20,, + cf is imputed as a single
parameter; for Category II NPWs, o, is imputed given a
historical estimate of po,.'""

b) Calculate a weighted average of the implied in-
dex volatilities from Category I and Category II NPWs,
with the weight being the degree to which the NPWs are
in the money.”® Specifically, the weighted average, de-
noted by WGISD, _,, is calculated as,

i=1

WGISD, ., = (}_j i)/ IK,—SMI} /

[g 1/IKi—S,_1IJ

where i denotes the NPWs used to compute the individ-
ual 6,, and K; is the strike price of warrant i. (There are
one Category I and three Category II NPWs). The verti-
cal bars stand for an absolute value operator. In the
above procedures the warrant prices are the midpoint
averages of high and low prices. The main rationale for
using the high-low average in favor of the closing price is
to achieve a better match between the index level and
the warrant price. Recall that the Nikkei close from the
previous trading session in Tokyo will be used as the
model input. The averaging will hopefully even out the
impact of inaccurate index input.

Deviation Tests. The first question posed before
can be answered by calculating the absolute and per-
centage deviations between the market prices and the
model prices. If the models are correct, then the devia-
tions should not be significantly different from zero. The
testing procedures are as follows.
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a) Using the implied volatility and other model in-
puts, calculate the model price, P, for each warrant on
day ¢. A time series of model prices is obtained for each
warrant,

b) For each warrant on day ¢, calculate the absolute
deviation P -P" and the percentage deviation
100%*(P™ — Py / P™, The warrant market price, P/,
is the daily closing price.

¢) Repeat b) with P being replaced by the mid-
point average of the high and low prices.

Regression Tests, Bias Analysis. The second
question concerns the relationship between the predic-
tion errors and the (potential) systematic effects of the
model inputs. Many authors have tried to relate pricing
biases to such model inputs as time to maturity, the de-
gree to which the option is in the money, and the volatil-
ity." In this study the relative deviations are regressed
on similar model inputs. Specifically, the following time-
series regressions are run for each warrant:

PD, = Yo+ 1Y, +¢,

where PD, = (P — P™%) /P (P is the midpoint aver-
age of high and low prices), and Y, is the independent
variable. For NPWs in categories I and II, Y, is
(K - S)/K (the degree to which the warrants are in-the-
money), T (time to maturity), o, (volatility), and In(vol-
ume) (log of the trading volume). Therefore, there are
four separate regressions for each warrant. For Category
IV NPWs, Y, is (KX, - SX)/KX,, ©, v (volatility), and
In(volume). There are also four separate regressions for
each warrant.

If the models perfectly predict the market prices,
then the two coefficients, ¥, and vy,, should not be signifi-
cantly different from zero for each regression. On the
other hand, if the models produce consistent prediction
biases, but the biases are not systematically related to
the model inputs, then for each regression the intercept
Yo should be a non-zero number, while the coefficient v,
should not be statistically different from zero.
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The Empirical Results

Deviation Tests

The results for deviation tests are shown in Table 1
and Table 2. By examining the average deviations (both
absolute and percentage), it can be seen that the models
tend to overprice NPWs. (The BT Bank of Canada Series
IIT NPW is an exception.) This is true for both sets of
market prices (i.e., the closing prices and high-low aver-
age prices). The average overpricing ranges from 7.5¢ to
42.1¢ per warrant, and the ¢-values for the absolute de-
viations are all statistically significant. Although the
models seem to underprice BT Bank of Canada Series
IIT NPWs, the ¢{-values are not significant for the abso-
lute average deviations.

The average deviations can not tell the whole story.
In a particular time-series of pricing deviations, if the
number and magnitude of the negative and positive de-
viations are such that the two types of deviations cancel
each other, then the overall average deviation is zero, in-
dicating that the model values the warrants correctly.
This is, of course, a misleading inference. To address
this issue, deciles are provided for the deviations for
each warrant. In addition, the proportions and averages
of negative and positive deviations are calculated for
each warrant. If, for example, the proportion of negative
deviations is high and their absolute average is bigger
than that of the positive deviations, then it can be con-
cluded that the model tends to overprice warrants most
of the time. The numbers in Table 1 and Table 2 gener-
ally support this conclusion. It can be seen that, when
closing prices are used to conduct the tests, all median
deviations are negative. When the high-low average
prices are used, all median deviations are again nega-
tive, with only one exception: the BT Bank of Canada
Series III NPWs. Moreover, for each warrant, the aver-
age size of negative (absolute) deviations is bigger than
that of the positive deviations. This should come as no
surprise, since the overall averages are negative with
significant ¢-values.
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Finally, although almost all the percentage devia-
tions for all warrants are statistically significantly dif-
ferent from zero, the average size is not extremely large.
The biggest average percentage deviation is —7.99 per-
cent associated with BT Bank of Canada Series IV
NPWs (Table 2, Panel B). Most average deviations are
negative and smaller than 2 percent (in absolute terms).
In terms of dispersion, it can be seen that within the
twentieth and eightieth percentiles, most deviations are
smaller than 7 percent. Note that the ¢-values for the
positive percentage deviations for BT Bank of Canada
Series III NPWs are significant, which means overall
underpricing. However, relative to other warrants, this
particular warrant is the most thinly traded in terms of
both the trading volume and the number of trading
days, and hence the results should be taken with a grain
of salt. Overall, it can be concluded that the models gen-
erally tend to overprice warrants.

Regression Tests, Bias Analysis

Since the answer to the first question is “yes,” the
second question naturally follows: Is the overpricing sys-
tematically related to the model inputs? The regression
test results are summarized in Table 3 through Table 7.
The effects of each independent variable is examined
separately.

(K - S)/K (or (KX, - SX)/KX,), The Degree to
Which the Warrants are in the Money. As shown in
Panel A of Tables 3 through 7, the F-values are all sig-
nificant (except for Trilon Financial Corporation NPW),
which means that the relative deviations are significant.
Examining F-values alone can not reveal whether the
deviations are systematically related to the degree to
which the warrants are in the money. It is necessary to
look at the regression coefficient of the independent vari-
able. It can be seen that all coefficients (a,) are negative.
(BT Bank of Canada Series IV NPW is an exception.)
The above findings seem to indicate that the models
tend to overprice (underprice) in-the-money (out-of-the-
money) warrants. The conclusion of underpricing out-of-
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the-money warrants should be taken with a grain of salt,
since the warrants are in the money most of the time
within the sample period. Until further empirical results
are presented, the conclusion has to be treated as tenta-
tive. However, given the negative sign of the regression
coefficient, it is safe to infer that the overpricing tends to
be severe for deep in-the-money warrants.

7, Time to Maturity. It is well known that when a
new security is introduced it takes some time for inves-
tors to “learn,” or for the security’s price to become “well
behaved.” This “market learning” would be reflected in
the decreasing of pricing deviations over time. This mar-
ket learning hypothesis can be captured by the regres-
sion coefficient. Specifically, if there is a market learning
effect, the intercept should be close to zero while the
slope coefficient should be non-zero. As shown in Panel
B of Tables 3 through 7, the F-values are all significant
except for BT Bank of Canada Series III NPWs (Table
5). The null hypothesis of market learning is confirmed
in Tables 3 and 4 (BT Bank of Canada Series I and Se-
ries II NPWs), where the intercept is not statistically
different from zero but the slope is. For the last two war-
rants (in Tables 6 and 7) the intercept is also statisti-
cally different from zero. This is somewhat disturbing. A
non-zero intercept means that even if the warrant is ap-
proaching its maturity, there still is a pricing deviation.
Finally, no systematic relation between relative devia-
tions and the time to maturity has been found for BT
Bank of Canada Series III NPWs (Table 5).

o, (or v = Voi+20, +02), the Volatility. As
shown in Panel C of Tables 3 through 7, the regression
coefficient is all negative, except for Trilon Financial
Corporation NPWs (Table 7). For Series I and II BT
Bank of Canada NPWs, the negative coefficient is sig-
nificantly different from zero. Thus it could be inferred
that the models tend to overprice the warrants and the
overpricing is more manifest when the volatility is high.

In(volume), (log of) the Trading Volume. It can
be seen from Panel D of Tables 3 through 7 that the re-
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gression intercepts are all close to zero (statistically) but
the regression coefficients are all negative, with three
(out of five) having statistically significant ¢-values. This
implies that the models over-price the NPWs, and a big-
ger overpricing tends to be related to high trading vol-
umes. Although the coefficients in Tables 3 and 5 are not
significant, the signs of the coefficients are in agreement
with those of other regressions.

Overall, the deviation tests reveal that the models
tend to overprice Nikkei put warrants. But the average
size of the mispricing is generally small (less than 2 per-
cent). The regression tests detect some systematic rela-
tionships between the mispricing and various model
inputs. Specifically, the overpricing is more manifest
when a) the warrants are deep in the money, b) the vola-
tility is high, and c) the trading volume is high.

So far, it has been found that the models overprice
warrants and the overpricing is systematically related to
some model inputs. A natural question that follows is:
What causes the overpricing? The systematic links be-
tween the mispricing and the model parameter inputs do
not necessarily imply that the model inputs actually
cause the mispricing. Instead, it is likely that the mis-
pricing is due to some other unmeasurable factors which
are reflected in the model parameters. There are many
possible factors. A straightforward one is the omission of
credit risk. Unlike conventional options that are guaran-
teed by the exchanges, Nikkei put warrants are guaran-
teed only by the issuers. This will put a downward
pressure on the warrant prices. Another possible factor
is the so-called “Extraordinary Event Clause” applicable
to all Nikkei put warrants. An Extraordinary Event
Clause is specified in the prospectus of an NPW that
would prevent the exercise of NPWs upon the occurrence
of certain abnormal events. It is therefore a protector for
the issuer against undesirable market conditions. The
detailed specifications of an Extraordinary Event Clause
vary across warrants. But the common “events” gener-
ally include the following:

a) suspension or material limitation of trading in
securities on the Tokyo Stock Exchange;
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b) suspension or material limitation of trading in
Nikkei 225 futures contracts on both the Sin-
gapore International Monetary Exchange and
the Osaka Stock Exchange; and

¢) any outbreak or escalation of national or inter-
national calamity or crisis.

Upon the occurrence of an extraordinary event, the is-
suer will either prevent any exercise of the warrants or
settle an exercise at a lower value.

It is obvious that an Extraordinary Event Clause
would lower the market price of NPWs in order for war-
rant holders to be compensated for the commensurate
risk. The pricing models being tested above do not incor-
porate the effect of this Extraordinary Event Clause, so
the model prices are biased upwards. This is exactly
what has been observed. It is also observed that the
overpricing is more severe when the warrants are deep
in the money or when the volatility is high. This can also
be explained by the omission of the Extraordinary Event
Clause. When the warrants are deep in the money, the
early exercise possibility increases, which makes the Ex-
traordinary Event Clause more relevant. (When the
warrants are deep out of the money, warrant holders
would care (relatively) less about the Extraordinary
Event Clause.) A high volatility makes trading suspen-
sion or limitation more possible; therefore, investors
would require a higher risk premium (hence lower
price), ceteris paribus. It is easy to see that the above
reasoning also applies to the credit risk. (When the war-
rants are out of the money or when the volatility is low,
credit risk is less of an issue.) It is therefore apparent
that the true factors responsible for the overpricing are
the credit risk and the Extraordinary Event Clause,
which are reflected in the related model inputs.*

Exactly how investors price the Extraordinary
Event Clause is a difficult question to answer. Theoreti-
cally, the model prices could be adjusted downwards by
incorporating the probabilities of the extraordinary
events occurring. But the probability estimation will in-
evitably be subjective. A more serious difficulty is that
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the specifications of the clause are not uniform across
warrants. Also, it is believed that issuers, notwithstand-
ing their desire to protect themselves, are reluctant to
exercise the clause. The main reason is the concern for
goodwill. If an issuer (a bank, e.g.) strives to exercise the
Extraordinary Event Clause, then it may find making
further issues very difficult. This is especially true when
there are many issuers and some of them are lenient on
the clause.

It should be noted that the discussions here are
only speculative and suggestive. Although credit risk
and the provision of the Extraordinary Event Clause
would intuitively justify positive risk premium, the ex-
actly amount of that premium is unknown. Moreover,
there are other potential factors that could cause the ob-
served pricing errors. For instance, the tested models as-
sume constant volatilities and interest rates. To the
author’s best knowledge, no studies exist in the litera-
ture that incorporate stochastic volatilities into the pric-
ing of cross-currency options. Therefore, it is difficult to
precisely assess the effect in our context. However, the
implied volatilities, which are updated daily, are used in
the tests. To the extent that the stochastic nature of
volatilities is partly reflected in daily changes, the strat-
egy of updating the implied volatilities should mitigate
any potential pricing biases (due to assuming constant
volatilities). Nevertheless, until formal empirical results
come into existence, it is not known for sure what effect
stochastic volatilities will have on the warrant prices.

As for the interest rates, it should be realized that,
in general, a constant interest rate pricing model omits
two effects of a stochastic interest rate. The first can be
called the “yield curve effect.” When the interest rate is
stochastic, a pricing model using the spot rate as the in-
put for the constant interest rate will miss the effect of
the non-flat term structure. The second effect is the vola-
tility of the interest rate.'” Choi and Hauser [7] have
shown that the yield curve effect is very strong for cur-
rency options.” On the other hand, Wei [33] introduces
stochastic interest rates into the pricing of long-term
cross-currency options, and examines the pricing errors
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caused by assuming constant interest rates. Specifically,
Wei [33] first corrects for the yield curve effect by using
the discount bond yields (rather than spot rates) as the
constant interest rates, and then tests the volatility ef-
fect. It is found that the constant interest rate models
(with bond yields as interest rate inputs) tend to under-
price cross-currency options, but the pricing errors are
generally very small. In this study, as noted earlier, the
bond yields (as opposed to the spot rates) are used as
proxies for long term interest rates. Therefore, the re-
sults are not subject to the yield curve effect. The only
effect that is omitted is the volatility effect, which is
small anyway. Therefore it is unlikely that the assump-
tion of constant interest rates is responsible for the ob-
served overpricing.

Conclusions

One of the recent financial innovations in the mar-
ket place is the formal listing/trading of foreign index
warrants. Many exchanges have listed long-term options
written on foreign stock indexes. The most popular is the
Nikkei Put Warrant. Despite the ever increasing popu-
larity of foreign index warrants, the literature has been
lacking in formal treatment on these instruments in
terms of both theoretical pricing and empirical testing.
This study is an attempt to empirically examine the
pricing of Nikkei put warrants.

Using data of Nikkei put warrants traded on the
Toronto Stock Exchange, this paper empirically tests
the pricing models developed in Dravid, Richardson,
and Sun [11], Reiner [24], and Wei [31]. It is found that
the models tend to overprice Nikkei put warrants. The
overpricing becomes more severe in the following situ-
ations: 1) the warrants are deep in the money; 2) the in-
dex/exchange rate volatilities are high; and 3) the
trading volume is high. It is suggested that the major
reason for the overpricing is the omission of credit risk
and the existence of Extraordinary Event Clauses. Ex-
actly how much risk premium is attached to the war-
rant price is unknown, and it is the subject of further
research.
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Notes

1. In this paper, “cross-currency options” is a general term for options
on foreign assets. An NPW is a particular type of cross-currency option.

2. See the following section for a classification of NPWs, NPWs on
the AMEX cover only Categories I and II, while those on the TSE Cover
categories I, I1, and IV.

3. Most of the materials in this section are from Wei [31], which con-
taing more detailed descriptions.

4. Since a Category III NPW does not exist, only the pricing of the re-
maining three categories will be discussed.

5. Dravid, Richardson, and Sun [11] are Reiner [24] make the same
argument in a similar setting.

6. The intuition behind the dimension reduction lies in the nature of
the second state-variable, the exchange rate. It is a special variable in the
sense that it serves only as a “medium” between the domestic and the for-
eign economies. For example, SX can be treated as a single variable be-
cause it is simply the dollar price of the foreign asset.

7. Unlike the case in the US, long term discount bonds do not exist in
Japan or Canada. The calculated yields are only approximations of the true
discount bond yields. Factors such ag taxation may cause coupon-bearing
bond yields to be different from the pure discount bond yields. But the dif-
ference, if any, should be small as far as warrant pricing is concerned.

8. See Wei [31] for a detailed discussion about this assumption.

9. See, for example, [18] and [27].

10. An extreme example would be to use three-month data around
the 1987 market crash to estimate a forward-looking three-year volatility.

11. po. is estimated using the past 250 observations. The choice of 250,
the number of trading days in a year, hopefully will balance the two sides of
the aforementioned dilemma. Alternatively, pc. could also be imputed from
warrant prices. This is not done in this study, because the magnitude of po,
is small, and any potential pricing bias caused by an inaccurate historic es-
timate of po, is likely to be negligible. The computing costs do not justify the
marginal gain. Of course, one may correctly argue that po. can be ignored
altogether since it is small. Obviously, the choice here is suboptimal.

12. A secant method [23] is employed for the iterative procedures
when calculating implied volatilities.

13. In the Black-Scholes model context, many different ad hoc weigh-
ing schemes have been used in estimating the implied volatility. Latane
and Rendleman [19] use as the weights the partial derivatives of the op-
tion price with respect to the standard deviation. Whaley [34] employs a
procedure that minimizes the residual sum of squares between the model
and the market option prices when imputing an implied volatility. Choi
and Hauser [7] take as the weights the partial derivatives of the option
price with respect to the time to maturity. The scheme used in this study
is similar to that in Sterk [29], which in turn is based on the findings in
Black [2], MacBeth and Merville [20], and MacBeth and Merville [21].

14. See, for example, [7], [15], [25], [27], and [34].

15. The trading volume can be considered as an indirect identifier of
the two factors. More specifically, an empirical check reveals that trading
volumes are positively correlated with the implied volatilities.

16. In Meton’s stochastic interest rate model [22], the “yield curve ef-
fect” is reflected in the discount bond price, and the volatility effect is cap-
tured in the overall volatility term.

17. As explicitly noted in their paper, Choi and Hauser did not study
the volatility effect.
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