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1 Introduction

This paper studies locally-capped products, which are retail investment contracts that com-
bine a guaranteed return at maturity with a bonus that depends on market performance.
Specifically, this bonus is the summed or compounded string of capped periodic returns.
This structure allows investors to benefit from favorable stock market performance while
limiting potential downside. These contracts are inherently difficult to value, but many of
them are made even more complicated by additional features such as interest payments.
These products can be based on different indexes but in the USA the S&P 500 Index is often
used.1 These complex features make comparisons across different products difficult.

There are several reasons why a study locally-capped products is of interest. First, de-
spite their popularity, locally-capped products have not yet been analyzed in the finance
literature.2 Second, the locally-capped design is popular in both exchange traded contracts
and certain equity linked insurance products. Third, their value decreases as market volatil-
ity increases making them highly unsuitable investments in a severe financial crisis. Fourth,
their design structure is so highly complicated that uninformed investors can misunderstand
the true worth of the product. In this paper we document their popularity, describe their
characteristics, explain how to value them and discuss why some of the information in the
sales prospectus is very misleading. We hope that this research will contribute to the liter-
ature on retail structured products and household finance.

Structured financial products have become popular in several countries and have been
analyzed in a number of papers. For example, Stoimenov and Wilkens (2005) analyze eq-
uity linked products in the German market. Bergstresser (2009) provides a comprehensive
overview of the the U.S. structured products. Benet, Giannetti and Pissaris (2006) examine
a particular product class known as reverse-exchangeable securities . Henderson and Pearson
(2008, 2010) discuss Stock Participation Accrediting Redemption Quarterly-pay Securities
in the U.S. market. The general conclusion of these papers is that retail structured products
are highly complicated and tend to be over priced. Based on our analysis of locally-capped
contracts we draw similar conclusions.

Retail investors’ puzzling preference for complicated and expensive securities has been
commented on by several authors, including Campbell (2006), Carlin (2009) and Henderson
and Pearson (2008). Carlin’s (2009) model provides one possible explanation. In his model
firms strategically increase the complexity of financial products to preserve market power,
bound the financial literacy of consumers and facilitate higher margins. Retail investors
obtain advice from agents who are remunerated through sales commissions and may have an
incentive to sell more complex products. Another explanation is that these products offer
payoffs that would otherwise be unavailable to consumers and thus contribute to completing
the market (Rossetto and van Bommel (2009)). There is also evidence that consumers are

1Henderson and Pearson estimate that this index is used in about 45% of the index linked products issued
from 1992 through 2005. Refer to Table 2 of Henderson and Pearson

2 To the best of our knowledge
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attracted by prepackaged solutions (Shefrin and Statman (1993), Shefrin (2000)).

The remainder of this paper analyzes capped products in detail. Section Two describes
their payoff structure. Section Three analyzes the U.S. market for structured products. We
provide evidence that locally-capped products are popular in the U.S. and that the sales
prospectuses of these products contain misleading material. Section Four develops a pricing
model and compares theoretical prices with issue prices. This section shows these products
are highly sensitive to volatility levels. Section Five applies this model to AMEX listed
locally-capped products and confirms the findings of Henderson and Pearson (2008, 2010)
that U.S. retail structured products are overpriced at issue. Section Six applies the model
to a security for which we have secondary market data. The final section contains a short
summary and explains why locally-capped contracts are poor investments during a financial
crisis.

2 Description and Terminology

This section describes the basic investment structure of capped structured products. In
general, these products are locally-capped and globally-floored. They provide a payoff at
maturity that is equal to a guaranteed amount (the global floor) with a bonus equal to some
accumulation of periodic returns where each return is capped at some maximum level (the
local cap). The guarantee is a global-floor because it applies to the entire life of the contract,
while the caps are local-caps because they are applied to the returns of each period.

It is convenient to begin with the most basic type of capped contract where there is just
a single cap that operates over the life of the contract. We refer to this as a globally-capped
product. This contract helps illustrate the cap structure in a simple setting. We let 𝑐 denote
the cap level, 𝑔 the guaranteed rate of return and 𝑇 the time to maturity. In practice, the
guaranteed rate is low, about one or two percent per annum. Let 𝑆𝑡 denote the level of the
underlying price index at time 𝑡.3 The maturity payoff, 𝑋𝑇 , of one unit of face value this
contract can be written as

𝑋𝑇 = (1 + 𝑔) + max

(
0 , min

(
𝑐,
𝑆𝑇 − 𝑆0

𝑆0

)
− 𝑔

)
. (1)

The rate of return on the contract over its life will lie in the interval [𝑔, 𝑐], where 𝑐 > 𝑔. The
global cap becomes operational if the underlying index performs well, specifically when the
return on the index, (𝑆𝑇−𝑆0

𝑆0
) exceeds the global cap rate 𝑐. The investor gives up returns in

excess of the cap level to fund the guarantee. In essence, the global cap contract corresponds
to a long position in the index coupled with a short call option position and a long put
position.

It is more usual to have periodic caps that operate over the life of the contract rather
than a single lifetime cap. The returns can be accumulated either through summation of

3These structured products do not pay dividends and are usually based on a market price index such as
the S&P 500 or NASDAQ 100 that does not include dividends.
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the periodic returns or through compounding of the periodic returns. A popular design in
the US market is the so called summed locally-capped product. We refer to this product
as summed because the bonus payoff is computed as the sum of the capped value of each
periodic return. The contract’s maturity payoff, 𝑌𝑇 , is

𝑌𝑇 = (1 + 𝑔) + max

(
0 ,

𝑛∑
𝑖=1

min

(
𝑐,
𝑆𝑡𝑖 − 𝑆𝑡𝑖−1

𝑆𝑡𝑖−1

)
− 𝑔

)
. (2)

Here 𝑐 is periodic cap level, 𝑔 is the guaranteed return over the contract term, 𝑡0 = 0 is the
issue date and 𝑡1 =

𝑇
𝑛
, 𝑡2 =

2𝑇
𝑛
, . . . , 𝑡𝑛 = 𝑇 are the reset dates.

As an illustration of this design we briefly describe an actual product with ticker symbol
JPL.G. This product was traded on the American Stock Exchange. It is a quarterly summed
locally-capped product with a five-year term, offering a guaranteed return of principal and
a 6% monthly cap. Thus 𝑇 = 5 years, 𝑛 = 20, 𝑐 = 6% and 𝑔 = 0%, with reset dates
𝑡0 = 0, 𝑡1 =

1
4
, . . . , 𝑡20 = 5.

A second type of contract design is the compounded locally-capped contract. Using
the same notation as before, we can write the maturity payoff, 𝑍𝑇 , under a compounded
locally-capped product as

𝑍𝑇 = (1 + 𝑔) + max

(
0 ,

(
𝑛∏

𝑖=1

min

(
1 + 𝑐,

𝑆𝑡𝑖

𝑆𝑡𝑖−1

) )
− 1− 𝑔

)
. (3)

Both the summed locally-capped product and the compounded locally-capped product
have path-dependent payoffs that are difficult to replicate with standard options. As noted
earlier, the globally-capped product can be replicated with standard options.

3 The Market for Locally-Capped Products

This section describes the market for locally-capped products in the USA. We first pro-
vide an overview of the structured products market and summarize the characteristics of
locally-capped contracts. Next we describe how locally-capped products are marketed using
optimistic projections and we provide a quantitative measure of the optimism embedded in
these projections. Finally, we provide a recommendation that regulators curb the practice
of including overly optimistic projections.

3.1 The U.S. Market for Retail Structured Products

Banks and insurance companies are the two main issuers of retail financial products to the
U.S. market. Contracts sold by banks are listed on exchanges and are pure investment
products. These exchange-listed products are regulated by the SEC. The products sold by
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insurance companies can be divided into two main categories Variable Annuities (VA) and
Equity Indexed Annuities (EIA). Because these products are packaged with other features
such as insurance benefits, they are regulated by the state insurance regulators. VAs are
also regulated by the SEC as they are viewed as hybrid products.

Table 1: Breakdown of retail financial products.

Issuer Type 2007 sales ($b)

Insurance companies
Equity index annuities 25
Variable annuities 156

Investment banks
Exchange traded funds 182
Structured products 114

Total 505

The U.S. structured products market has grown significantly in recent years. For instance,
Henderson and Pearson (2008) note that the dollar value of new exchange-listed products
grew from about one billion dollars in 1997 to about ten billion in 2005. However the Equity
Indexed Annuity market has grown even more dramatically. EIAs were first introduced in
1995, and by 2006 sales were about 25 billion dollars (Palmer (2006)). The Variable Annuity
market is much larger than either of these two: the total assets under management in Variable
Annuity accounts was about 1.4 trillion dollars in 2006.4 Table 1 contains provisional sales
figures detailing how the retail investment market was divided between different issuers and
products. Our figures are based on information provided by the SEC and industry groups,
LIMRA and the Structured Product Association. The vast majority of the 114 billions of
structured products reported in Table 1 are sold over the counter (OTC) and we do not have
detailed information on OTC contracts.

Table 2: Breakdown of AMEX-listed products by type.

Type Number Proceeds
Issued ($m)

Locally-capped products 53 2,450
Globally-capped products 17 482
Products with a guarantee but no cap 109 2,759
Products without a guarantee 131 6,756
Total 310 12,447

This paper focuses on the locally-capped products listed on the American Stock Ex-
change (AMEX) and therefore only covers a portion of the U.S. structured products market.

4See Evans and Fahlenbrach (2007).
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AMEX-listed products have transparent pricing information and federally filed prospectuses,
which aids analysis. These exchange-listed locally-capped products have designs similar to
some equity-indexed annuities. For example, some equity indexed annuities have a monthly
summed locally-capped design as in formula (2), see Palmer (2006).

We collected information on all the structured products listed on the AMEX in April
2008 (representing a volume of around 12 billion). Table 2 summarizes this information.
We divide these products into those that provide a guarantee and those that do not. We
further classify the contracts with guarantees based on their payoff structure: (1) contracts
with a global cap, (2) locally-capped contracts and (3) contracts with other payoff designs.
Most of the contracts with no cap are participating products where the investors receive a
percentage of the index return.

Table 3: Breakdown of AMEX-listed locally-capped products by issuer (Panel a) and under-
lying (Panel b).

Issuer Number Proceeds
Issued ($m)

Citigroup 11 1,190
Bank of America 19 495
Morgan Stanley 6 402
UBS AG 9 196
Bear Stearns 4 90
J.P. Morgan Chase 4 77

Panel a.

Underlying Number Proceeds
Index Issued ($m)

S&P 500 23 881
DJIA 9 565
NASDAQ 100 6 486
RUSSELL 2000 3 123
NIKKEI 225 2 102
Other 10 293

Panel b.

As Table 3 shows, six investment banks underwrote the 53 locally-capped products on
the AMEX. One of these, Bear Stearns, is now defunct. The largest issuer is Citigroup
which issued securities through Citigroup GMH and Structured Products Corp. Most of the
structured products listed on the AMEX are index-linked: they represent over 79% of the
volume among AMEX-listed structured products. Almost all locally-capped products are
linked to U.S. indexes, with the S&P 500 Index being the most popular.

Table 4 summarizes the properties of the different locally-capped product issues. We
note that the compounded cap structure is the most popular. Maturities are generally five
years or longer and issue sizes range between $4 million and $315 million.
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Table 4: Overview of AMEX-listed locally-capped products.
Number Volume Average Average Average Average

($m) issue ($m) cap guarantee maturity

Quarterly compounded 26 1139 44 7.9% 105% 5.40
Quarterly summed 12 250 21 6.1% 105% 6.61
Monthly compounded 11 971 88 4.5% 105% 5.43
Monthly summed 4 90 23 6.9% 102% 5.25

3.2 Marketing of LCPs

It is puzzling why retail investors prefer complex contracts, such as the locally-capped prod-
ucts, to simpler products. A partial explanation of this behavior may lie with the optimistic
projections included in the sales material of most locally-capped products. These projec-
tions illustrate how payoffs are calculated under different market returns in order to make the
payoff formulas easier to understand. However, they often show the locally-capped product
giving an unrealistically favorable payoff.

We motivate our discussion with the afore mentioned example of JPL.G, a locally-capped
product offered by J.P. Morgan. Recall that this contract offers a summed return calculated
according to formula (3) with a 6% quarterly caps and a guaranteed return of at least 10%.
This product’s prospectus contains five hypothetical projections of future S&P 500 returns
and the corresponding payoffs to the investor.

The first two projections are reproduced in B. The first example assumes that the
quarterly return on the index is exactly 6% each quarter, while the other examples illustrate
more realistic forecasts. If the return on the index is 6% each quarter, the investor will
receive $2,200 per $1,000 of principal at maturity. The payoff is computed as

1, 000(1 + 20× 0.06) = 1, 000× 2.20 = 2, 200. (4)

Of course consistent returns of this magnitude or higher have an extremely low probability
of occurring. However, we contend that the inclusion of this very optimistic scenario even
as an hypothetical illustration may cause some investors to regard this event as being more
probable.

We analyzed the sales prospectuses for 28 other AMEX-listed locally-capped products
whose payoffs correspond to formula (2) or (3). Our analysis revealed that the JP Morgan
illustrations are not unusual and that the inclusion of very optimistic projections is common
practice. In 22 of the 29 locally-capped products, at least one projection assumes the cap
level is attained in every period. If this happened the investor would receive the maximum
possible payoff.

In order to provide a quantitative measure of the realism of these scenarios, we estimated
the probability of getting returns at least as good as those under each different scenario.5

5We thank the referee for this suggestion.
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Note that we look at product performance under each hypothetical scenario rather than con-
sidering market performance. We do this because standard measures of market performance
fail to account for the low volatility seen with these projections. A hypothetical scenario
that depicts very low volatility may be extremely unreasonable, even without high returns.

We did this by sampling the last 20 years of returns for the relevant indices, using a
method similar to that of Rossetto and van Bommel (2009). We will use the JPL.G contract
to illustrate our method. As JPL.G is based on the S&P 500, we sampled 20 years of
quarterly S&P 500 price changes, from November 1989 to October 2009. We randomly
selected twenty of these returns and used these returns to simulate the contract’s payoff.
We repeated this 1,000,000 times for each contract and computed how often the simulated
payoff was as good as or better than each hypothetical scenario.

As we mentioned, the first hypothetical example in JPL.G’s prospectus is unrealistic. It
depicts the S&P 500 appreciating by exactly 6% in each of 20 consecutive quarters. Looking
at past S&P 500 returns, we see that the index appreciated by 6% or more in 43% of quarterly
periods. If we assume that quarterly returns are independent, this means the probability of
hitting the 6% cap in each of the 20 periods is about (0.43)20 = 4.67 × 10−8. None of our
1,000,000 Monte Carlo simulations generated a payoff as high as this first projection. We
repeated our Monte Carlo simulations for each of the hypothetical projections in order to
test the reasonableness of the other projections in the JLP.G prospectus. Table 5 presents
our results. The first projection is highly unrealistic; however, later projections are more
realistic. In the third and fifth scenarios, the market performs poorly and the guarantee is
triggered.

Table 5: J.P. Morgan’s hypothetical projections for JLP.G.

Projection 5-year return Outcome probability

First projection 110% 0.00% probability of an outcome this good or better
Second projection 25% 36.25% probability of an outcome this good or better
Third projection 10% 100% probability of an outcome this good or better
Fourth projection 36% 20.35% probability of an outcome this good or better
Fifth projection 10% 100% probability of an outcome this good or better

We repeated the same set of simulations for each of the projections contained in the
prospectuses of the 28 other AMEX securities that had payoffs in the form of (2) or (3)
and were based on the NASDAQ 100, S&P 500, RUSSELL 2000 or DJIA. Each prospectus
contained between three and seven examples. Table 6 gives the median probability of getting
an outcome at least as good as those in each of the different hypothetical projections. Because
these products have varying numbers of projections, we focus on the first three and the last
two of the set of projections. For each of 29 contracts, we sample historical return data to
generate Monte Carlo simulations of the movements of the indexes on which the contracts
are based. We then examine how often the payoffs given in the hypothetical scenarios in the
prospectuses occur.
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Table 6: Median probability of hypothetical projections.

Projection Outcome probability

First projection 14.1% probability of an outcome this good or better
Second projection 0.00% probability of an outcome this good or better
Third projection 0.07% probability of an outcome this good or better
Second to last projection 49.22% probability of an outcome this good or better
Final projection 100.0% probability of an outcome this good or better

In the prospectuses we examined, the first three hypothetical scenarios are generally
extremely optimistic. Over 46% of these first three scenarios describe returns so optimistic
that an investor has less than a 0.01% chance of experiencing returns that high. An investor
who assumed these scenarios were likely would be sorely misled. The later examples are
less optimistic: these frequently show scenarios where the market performs poorly and the
guarantee is triggered.

The SEC regulates the U.S. structured products market and presumably should protect
consumers from misleading sales practices by financial institutions. The unrealistic examples
seen in the JPL.G prospectus and many other prospectuses are misleading and may influence
investors to overweight the probability of getting the maximum return. This is consistent
with the way investors assess low probability events under some models of investor behavior
(Camerer and Kunreuther (1989)). We feel that these hypothetical scenarios could mislead
customers and recommend that such projections be prohibited. We suggest that hypothetical
projections should be based on realistic scenarios rather than extreme scenarios.

4 Valuation

In this section, we use the standard Black and Scholes model to analyze globally-capped
products and then locally-capped products. We show that locally-capped products seem to
be overpriced by comparing theoretical prices obtained from a standard no-arbitrage pricing
model with the price at which these securities were offered to the public. We also show that
high volatility levels greatly decrease the value of these contracts.

Our analysis uses the Black and Scholes framework to model the index return.6 We
assume that the market is complete and arbitrage-free and that there are no transaction
costs or trading constraints. The underlying index is denoted by 𝑆 and follows a geometric

6Note that the standard Black and Scholes framework ignores credit risk. However, the it was successfully
used by Henderson and Pearson (2010) and their model prices match the market prices after a few months,
when the effects of the initial overpricing have disappeared. We should also note that their dataset did not
include the recent financial crisis. It was also used to evaluate German structured products by Baule, Entrop
and Wilkens (2008) and Wilkens and Stoimenov (2007). More realistic features such as stochastic interest
rates, stochastic volatility as well as jumps in the stock process and credit risk could be included but this is
beyond the scope of the current paper.
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Brownian motion,
𝑑𝑆𝑡

𝑆𝑡
= (𝑟 − 𝛿)𝑑𝑡+ 𝜎𝑑𝑊𝑡 (5)

where 𝑊 is a standard Brownian motion under the risk-neutral measure 𝑄, 𝑟 is the risk-free
rate, 𝛿 is the dividend yield and 𝜎 is the volatility. Under these assumptions, the time zero
price of a security is the risk-neutral expectation of its discounted payoff.

In this section and in Sections 5 and 6, we use market inputs for our interest rate and
volatility parameters. We let 𝑟 be the continuously compounded 5-year Constant Maturity
Treasury (CMT) rate on the relevant day.7 Although this ignores credit risk, it provides a
conservative estimation of overpricing and a reasonable fit to the data. We used the implied
volatility on the relevant day as our volatility input. Because these contracts are path-
dependent and cannot be represented in terms of the payoffs of standard options, we use the
average implied volatility of all of the call options at all strike prices traded on the relevant
index. There is no closed-form expression for the price of locally-capped contracts, so we use
Monte Carlo simulation with 1,000,000 trials to find very accurate values for the price.

Before pricing locally-capped products, we first discuss the simpler case of pricing globally-
capped products.

4.1 Globally-Capped Products

From equation (1), one unit of face value of a globally-capped contract has a payoff at
maturity of

𝑋𝑇 = (1 + 𝑔) + max

(
0 , min

(
𝑐,
𝑆𝑇 − 𝑆0

𝑆0

)
− 𝑔

)
(6)

where 𝑆𝑡 is the level of the underlying index, 𝑐 is the cap, 𝑔 is the guarantee and 𝑇 is the
time to maturity. This payoff is equivalent to that of a bond plus a call spread: the payoff
is equal to that of a bond with face value (1 + 𝑔), 1

𝑆0
units of a European call option with

strike price of 𝑆0(1 + 𝑔) and a short position of 1
𝑆0

units in another European call option
with strike price of 𝑆0(1 + 𝑐). In A.1, we use the Black and Scholes option pricing formula
to obtain the explicit price of this contract.

Because of the embedded option, the price of a globally-capped contract varies with the
level of volatility. Figure 1 shows how the contract’s price and the value of its guarantee vary
with volatility using a sample contract with a face value of $1,000, a term of five years, a
guaranteed return of 10% and a global cap of 20%. Here we use a continuously compounded
interest rate of 𝑟 = 0.0378 and a dividend yield of 𝛿 = 0.0144. Under these assumptions, the
value of the guaranteed portion of the contract is 1, 100𝑒−𝑟𝑇 = 856.68.

7The Constant Maturity Treasury rate is published by the U.S. Treasury Department and is a daily
determination of what the yield on a U.S. Treasury bill, note or bond would be if it were issued on that day.
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Figure 1: Value of a $1,000 investment in a typical globally-capped product.
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We note two aspects of this graph. First, as the volatility tends to zero, the value of the
contract tends to 1, 000 × (1 + 𝑔) × 𝑒−𝑟𝑇 + 1, 000 × max(0, 𝑒−𝛿𝑇 − (1 + 𝑔)𝑒−𝑟𝑇 ) ≈ 904.84.8

Second, the price of a globally-capped contract is in general a non monotonic function of
volatility. For our parameter values, the value first increases and then decreases as volatility
increases.9 This result stems from the way the value of a call spread changes with volatility.

4.2 Summed Locally-Capped Products

We next focus on JPL.G, a representative summed locally-capped product sold by JP Morgan
Chase. We introduced this contract as an example of a quarterly summed cap product with a
bonus payment based on the six percent quarterly cap calculated according to (2). When this
contract was issued on June 25, 2004, the five year CMT rate was 3.85% and the volatility
and dividend rate of the contract’s underlying index, the S&P 500, were about 15.81% and
1.44% respectively. As described earlier in this section, we use the continuously compounded
versions of these rates.

8 Under the risk-neutral measure with zero volatility, the index price increases deterministically
𝑆𝑡 = 𝑆0𝑒

(𝑟−𝛿)𝑡 = 𝑆0𝑒
0.03𝑡 and so the limit of the Black and Scholes formula for a call option price is

max
(
𝑆0𝑒

−𝛿𝑇 −𝐾𝑒−𝑟𝑇 , 0
)
. This and the results from A.1 allow us to write the value of one unit of globally-

capped contract as 𝑒−𝑟𝑇×(1+𝑔)+max
(
𝑒−𝛿𝑇 − (1 + 𝑔)𝑒−𝑟𝑇 , 0

)−max
(
𝑒−𝛿𝑇 − (1 + 𝑐)𝑒−𝑟𝑇 , 0

)
which simplifies

to (1 + 𝑔)𝑒−𝑟𝑇 + max
(
𝑒−𝛿𝑇 − (1 + 𝑔)𝑒−𝑟𝑇 , 0

)
for values of 𝑟, 𝛿 and 𝑐 such that 𝑒𝑇 (𝑟−𝛿) < 1 + 𝑐.

9More details concerning the impact of volatility on the price of globally-capped contracts can be found
in Boyle and Turnbull (1989).
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The maturity payoff of this quarterly summed locally-capped contract is given by

𝑌𝑇 = 1, 100 + 1, 000max

(
0 ,

20∑
𝑖=1

min

(
0.06,

𝑆𝑡𝑖 − 𝑆𝑡𝑖−1

𝑆𝑡𝑖−1

)
− 0.1

)
, (7)

where 𝑡0 = 0, 𝑡1 =
1
4
, . . . and 𝑡20 = 5.

Using the volatility at issue of 15.81%, a $1,000 investment in JPL.G has a value of
$934.40 and so the contract is overpriced by 7.02%. Figure 2 shows how the value of the
contract depends on the volatility of the index. We also plot the value of the guaranteed
portion of the contract, calculated as 1, 100𝑒−𝑟𝑇 = 910.67.

Figure 2: Value of a $1,000 investment in JPL.G.
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At higher volatilities, the value of the contract rapidly declines to little more than the
value of the guarantee. This pattern is very different from standard options whose prices
usually increase with the volatility parameter. This price decrease happens more rapidly
than in the case of globally-capped contracts. This is because increasing volatility leads to
some periods with large negative returns and some with large positive returns. In the payoff
formula, the positive returns are capped and the negative returns count fully, and so the
final sum of the local capped returns will often be negative. This means that when volatility
is high, the contract will likely provide a payoff of the basic guarantee.

Note that at zero volatility the index price at time 𝑡 is deterministic: 𝑆𝑡 = 𝑆0𝑒
(𝑟−𝛿)𝑡 =

𝑆0𝑒
0.0234𝑡. Thus the index’s quarterly return falls below the 6% local cap and the payoff is

12



as follows:

1, 100 + 1, 000max

(
0,

20∑
𝑖=1

min

(
6%,

𝑆0𝑒
0.0234𝑡𝑖 − 𝑆0𝑒

0.0234𝑡𝑖−1

𝑆0𝑒0.0234𝑡𝑖−1

)
− 0.1

)

= 1, 100 + 1, 000max

(
0,

20∑
𝑖=1

min
(
6%, 𝑒

0.0234
4 − 1

)
− 0.1

)

= 1, 100 + 1, 000max(0, 0.0170) = 1, 117.04,

corresponding to a present value of $924.78. The bonus is slightly positive in this case, and
so this present value is slightly more than the present value of the guarantee.

4.3 Compounded Locally-Capped Products

Compounded locally-capped products have similar properties to the summed locally-capped
products discussed in the previous section. Again, there is no closed form expression for the
initial contract price, so we use Monte Carlo simulation to price these products. This time we
use a contract with ticker NAS as an example. It is a monthly compounded locally-capped
product with a face value of 10, a cap of 5.5% per month, a time to maturity of 5.5 years and
a lifetime guarantee of 7%. When this product was issued on July 24, 2003, the five-year
treasury rate was about 3.08%. The NASDAQ 100, on which this product was based, had
an implied volatility of about 27.79% on that day and has historically paid about a 0.88%
dividend rate. Although this contract has a face value of $10, we consider a $1,000 initial
investment for consistency.

Figure 3: Value of a $1,000 investment in NAS.
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Figure 3 shows how the value of this contract varies with the volatility assumption.
Again, we also include the value of the guaranteed portion of the contract, calculated as
$1, 070× 𝑒−𝑟𝑇 = $905.58. Note this figure is broadly similar to 2 because the summed and
compounded locally-capped product payoffs are similar for low levels of returns. This follows
from equations (2) and (3) and the fact that for 𝑥1, . . . , 𝑥𝑁 near 0, we have

∏𝑁
𝑖=1(1 + 𝑥𝑖) ≈

1 +
∑𝑁

𝑖=1 𝑥𝑖. Under most locally-capped product designs, the majority of the payoffs are
equal to or slightly above the guarantee, so the prices of compounded products follow the
same trends as their summed counterparts.

Similarly to the previous section, as the volatility goes to zero the underlying index be-
comes deterministic. Thus, using a similar method to the previous section, for zero volatility
we get a deterministic payoff of $1,125.60 and a discounted present value of $952.63.

5 Empirical Results

We estimate that AMEX-listed locally-capped products were sold to retail customers for an
average of 6.5% above their intrinsic value, ignoring credit risk. Although 6.5% is small, it
is worth noting that an average of 83.1% of the contract value is in the guarantee, which
would present no hedging costs to the bank that underwrote the product if it invested the
value of the guaranteed amount in bonds. We refer to the value of a contract’s potential
bonus payment as the option component of the product. If we consider only this component,
we find that retail investors pay an average of approximately 65.1% more than the fair price
for the option benefit. These results are consistent with Henderson and Pearson (2010) who
find that structured products are sold at an average of 8% above their model prices.

Table 7: Allocation of the proceeds of $2 billion in structured product issuance.

Component Value ($m)
Cost of guarantee 1,722
Cost of option component 209
Selling expenses and issuer profit 121
Total issuance proceeds 2,053

Table 7 provides a breakdown of how the proceeds from the sale of the $2 billion in
locally-capped products we examined were distributed. We use our pricing model to derive
the approximate cost of hedging the option component and the guarantee. We calculate the
amount left for selling expenses and issuer profit as the difference between the sales proceeds
and the two costs. Because we ignore credit risk, our estimate of the cost of the guarantee is
likely to exceed its true cost and so the profit and selling expenses are likely recorded below
their true value.

14



There was no significant difference in overpricing between compounded locally-capped
products and summed locally-capped products, between products with monthly and quar-
terly periods, or between issues with large and small volumes. There were a small number of
products and a large number of potential confounding variables, and so we hesitate to draw
firm conclusions from our data other than that the average security is overpriced. Further
study into these products may reveal relationships between these variables.

These empirical results were obtained by valuing 29 of the locally-capped products listed
on the AMEX on April 25, 2008. These contracts made up 85% of the $2.4 billion in AMEX-
listed locally-capped products. In the interest of simplicity, we excluded contracts with
interest payments or call features, and valued only those contracts with a payoff described
by (2) or (3). We further limited our pricing to those contracts based on four indices: the
NASDAQ 100, S&P 500, DJIA and RUSSELL 2000. This ensured we were able to get
accurate option price data to compute implied volatilities.

6 An Example Illustrating Credit Risk

We now examine how the Black and Scholes model prices correspond to the market prices
for NAS, the locally-capped contract discussed in the previous section. We show that for
this contract, the Black and Scholes model prices fit the market prices well, except near
the issue date where the product appears overpriced by approximately 8.8% and during the
credit crisis where the product appears underpriced.

The NAS contract was initially issued on July 30, 2003, for $10 per note. It is one of
the few contracts for which secondary market data are available. These data are displayed
in Figure 4. At maturity on January 30, 2009, this product gives a payoff as in formula (3):

𝑍𝑇 = 10 + 0.7 + 10max

(
0 ,

(
66∏
𝑖=1

min

(
1.055,

𝑆𝑡𝑖

𝑆𝑡𝑖−1

) )
− 1.07

)
, (8)

where 𝑆𝑡 denotes the time 𝑡 price of NASDAQ 100 Index.

Figure 4 contrasts daily market quotes with the prices generated by the Black and Scholes
model. We also record the value of the guaranteed portion of the contract, calculated as
10.7𝑒−𝑟(𝑇−𝑡) at time 𝑡. As described in Section 4, we use daily market volatilities and interest
rate inputs to compute each of the points on the chart.

Note that the secondary market for most U.S. structured products is illiquid and a prod-
uct’s issuer is often its market-maker (see Henderson and Pearson (2010)). However, for the
NAS contract, the quoted prices are close to our model prices which confirms that the Black
and Scholes model provides a good approximation to the market price.

Although the Black and Scholes price provides a good approximation of the market price
for most of the contract’s life, there are two exceptions: the first months after issue and
the last months the contract’s life. Near the issue date, the model price is substantially
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Figure 4: Value and price of NAS over time.
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below the market price. This suggests the security was overpriced when sold to the public.
After several months, the model price provides a good fit to the market data. These results
are consistent with previous research on structured products. In particular, Henderson and
Pearson (2010) find initial overpricing of about 8% that reverts to the model price after
about 200 days.

The low market prices observed between October 2008 and January 2009 reflect the
impact of the 2008 financial crisis. During this period, the market price dipped well below
the model price, because the market price reflects credit risk while our model does not. The
market prices the product’s guarantee as a risky bond whereas our pricing model ignores that
default risk. Note also that the model price converges to the guarantee during this period.
This happens because of the large negative monthly returns on the underlying NASDAQ 100
Index.10 As the contract was close to maturity when they occurred, these negative returns
meant that the contract payoff could never be more than the guarantee. Thus the model
price at time 𝑡 is equal to the discounted value of the guarantee (i.e. 10.70𝑒−𝑟(𝑇−𝑡)), with the

10For instance, the adjusted closing price of NASDAQ 100 Index was 2107.05 on December 28th, 2007,
1687.19 on March, 17th, 2008 but only 1087.6 on November 19th, 2008.
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market price below that level due to credit risk. Incorporating credit risk into the pricing
model would decrease the price of the security and therefore amplify the initial overpricing.11

It might also close the gap between the model prices and the market prices that occurs near
the contract’s maturity.

Retail structured products are not insured by the FDIC and are subject to default risk.
Until recently, retail investors probably regarded the probability of bank default as remote,
but during the credit crisis the perceived risk grew greatly. On the front page of NAS’s
prospectus, the subtitle reads “Safety of Principal, Opportunity for Growth”. These are
indeed the two features that could explain why investors were so keen on these types of
contracts. It is possible that after the 2008-2009 crisis, these securities will appear much less
attractive and their volume will decrease.

7 Summary and Conclusion

Locally-capped contracts are a popular type of retail structured product. These products
feature complex path-dependent payoffs that make them difficult for retail investors to value.
The prospectuses of these products illustrate their payoff formulas using hypothetical sce-
narios that show how different market return patterns would impact the contract’s payoff.
We use a quantitative measure of realism to show that these projections are often extremely
optimistic, and conjecture that this may contribute to the popularity of these products.

The standard Black and Scholes framework appears to accurately model the market price
of these securities, except near their issue dates and during the financial crisis. At issue, these
products appear to be sold to the public for an average of 6.5% above their true value. This
overpricing is consistent with previous literature. During the crisis, at least some contracts
traded well below the discounted values of their guarantees.

The 2008 financial crisis greatly increased volatility levels and called into question the
creditworthiness of banks. Both these factors reduce the appeal of locally-capped products.
High volatility levels greatly reduce the value of the bonuses included in locally-capped
contracts, and the implied volatility of the S&P reached levels of over 80% during the crisis.
At such high volatility levels, a typical locally-capped contract is worth little more than
its guarantee. However, the value of that guarantee was eroded during the crisis by the
increased risk of bank defaults. Thus the financial crisis has decreased the value of both the
potential bonus and the guarantee and we expect the financial crisis to significantly decrease
the demand for locally-capped products.

11A study by Baule, Entrop and Wilkens (2008) explains how to incorporate credit risk into the pricing
of retail structured products.
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A Technical Results

A.1 Pricing Globally-Capped and Locally-Capped Contracts

As shown in Section 4.1, the payoff of a globally capped contract with cap 𝑐 and guarantee
𝑔 is equal to the payoff of a risk free bond and a call spread. Thus, by the no-arbitrage
principle, we can write the price of a globally-capped contract as the sum of the prices of
these positions:

𝑃 = (1 + 𝑔)𝑒−𝑟𝑇 +
1

𝑆0
C (𝑆0 (1 + 𝑔))− 1

𝑆0
C (𝑆0 (1 + 𝑐)) , (9)

where C(𝐾) denotes the price of a European call option on 𝑆 with exercise price 𝐾 and
maturity 𝑇 . Using this and the standard Black Scholes option pricing formula, we can
derive a closed-form formula for the price of one unit of a globally-capped contract,

𝑃 = 𝑒−𝑟𝑇𝑔Φ

(
ln(1+𝑔)−

(
𝑟−𝛿−𝜎2

2

)
𝑇

𝜎
√
𝑇

)
+ 𝑒−𝑟𝑇𝐶Φ

(
− ln(1+𝐶)+

(
𝑟−𝛿−𝜎2

2

)
𝑇

𝜎
√
𝑇

)

+𝑒−𝛿𝑇Φ

(
ln(1+𝐶)−

(
𝑟−𝛿+𝜎2

2

)
𝑇

𝜎
√
𝑇

)
− 𝑒−𝛿𝑇Φ

(
ln(1+𝑔)−

(
𝑟−𝛿+𝜎2

2

)
𝑇

𝜎
√
𝑇

)

−𝑒−𝑟𝑇Φ

(
ln(1+𝐶)−

(
𝑟−𝛿−𝜎2

2

)
𝑇

𝜎
√
𝑇

)
+ 𝑒−𝑟𝑇Φ

(
ln(1+𝑔)−

(
𝑟−𝛿−𝜎2

2

)
𝑇

𝜎
√
𝑇

)
. (10)

Unfortunately, there is no simple closed-form expression for locally-capped contract prices.
In the paper, we use Monte Carlo simulation to price these contracts.

A.2 Probability of Hitting the Cap Level

The probability of observing an index return greater than or equal to a return cap of 𝑐%
over the time period [𝑡, 𝑡 +Δ𝑡] under the real-world probability measure 𝑃 is

𝑃

(
𝑆𝑡+Δ𝑡 − 𝑆𝑡

𝑆𝑡
> 𝑐%

)
= Φ

⎛
⎝− ln(1 + 𝑐) +

(
𝜇− 𝛿 − 𝜎2

2

)
Δ𝑡

𝜎
√
Δ𝑡

⎞
⎠ . (11)



B Hypothetical Examples From the JPL.G Prospectus

This appendix corresponds to two pages extracted from the prospectus of the contract JPL.G
sold by JP Morgan Chase. We only reproduce the first two of the five examples contained
in the prospectus.

Example 1

Hypothetical Examples of Amounts Payable at Maturity

In this example, we assume that the Index increases by 6% each quarter over the five-year term of the notes
from a hypothetical initial Index closing level of 1150 to 3688 on the final quarterly valuation date. The quarterly
capped Index return for each quarterly valuation period is 6% and the sum of those quarterly capped Index returns
over the 20 quarterly valuation periods during the term of the notes is 100%. Thus, the cash payment at maturity
for each $1,000 principal amount of notes will equal $2,200, consisting of the $1,000 principal amount plus an
additional amount of $1,200 (120% times $1,000).

2004 2005 2006_______________________________________________________________ _______________________________________________________________ _______________________________________________________________
Quarterly Hypothetical Capped Hypothetical Capped Hypothetical Capped 
Valuation Index Quarterly Quarterly Index Quarterly Quarterly Index Quarterly Quarterly

Period Closing Index Index Closing Index Index Closing Index Index
Ending: Level Return Return Level Return Return Level Return Return__________________ ______________________ _________________ _________________ ______________________ _________________ _________________ ______________________ _________________ _________________

January 1292 6.0% 6.0% 1631 6.0% 6.0%
April 1370 6.0% 6.0% 1729 6.0% 6.0%
July 1150 1452 6.0% 6.0% 1833 6.0% 6.0%
October 1219 6.0% 6.0% 1539 6.0% 6.0% 1943 6.0% 6.0%

2007 2008 2009_______________________________________________________________ _______________________________________________________________ _______________________________________________________________
Hypothetical Capped Hypothetical Capped Hypothetical Capped 

Index Quarterly Quarterly Index Quarterly Quarterly Index Quarterly Quarterly
Closing Index Index Closing Index Index Closing Index Index
Level Return Return Level Return Return Level Return Return______________________ _________________ _________________ ______________________ _________________ _________________ ______________________ _________________ _________________

January 2059 6.0% 6.0% 2600 6.0% 6.0% 3282 6.0% 6.0%
April 2183 6.0% 6.0% 2756 6.0% 6.0% 3479 6.0% 6.0%
July 2314 6.0% 6.0% 2921 6.0% 6.0% 3688 6.0% 6.0%
October 2453 6.0% 6.0% 3097 6.0% 6.0%

Assumptions:

Issue price per note (your investment): $1,000
Sum of quarterly capped Index returns for the 20 quarterly valuation periods: 120.0%
Total return of the Index [(3688 – 1150) ÷ 1150] x 100: 220.7%

Calculations:

Calculation of payment at maturity per $1,000 principal amount of the notes

At maturity, you would receive a cash payment equal to the greater of:
(x) $1,100 $1,100

and
(y) $1,000 plus the additional amount

$1,000 + ($1,000 x 120%) $2,200

Investor receives $2,200 at maturity (120.00% total return on a hypothetical investment in the notes)

As this example illustrates, due to a lack of compounding, investing in the notes is not the same as investing in
the Index or the stocks underlying the Index, even where the Index consistently increases over the 20 quarterly
valuation periods. Although the hypothetical increase of the Index for each quarterly valuation period in this
example is 6%, which is not greater than the 6% cap on each quarterly capped Index return, the total return on
the notes is 120%, whereas the total return on the Index for the same period is 220.7%. In this example, if you
had invested $1,000 directly in the Index instead of the notes, you would have received $3,207 instead of the
payment at maturity of $2,200 per note. 19



Example 2

In this example, we assume that the Index generally increases over the five-year term of the notes but has
some negatively performing quarters. In this example, the sum of the quarterly capped Index returns over the 20
quarterly valuation periods during the term of the notes is 24.6%. Thus, the cash payment at maturity for each
$1,000 principal amount of notes will equal $1,246, consisting of the $1,000 principal amount plus an additional
amount of $246 (24.6% times $1,000).

2004 2005 2006_______________________________________________________________ _______________________________________________________________ _______________________________________________________________
Quarterly Hypothetical Capped Hypothetical Capped Hypothetical Capped 
Valuation Index Quarterly Quarterly Index Quarterly Quarterly Index Quarterly Quarterly

Period Closing Index Index Closing Index Index Closing Index Index
Ending: Level Return Return Level Return Return Level Return Return__________________ ______________________ _________________ _________________ ______________________ _________________ _________________ ______________________ _________________ _________________

January 1208 1.7% 1.7% 1527 13.4% 6.0%
April 1358 12.5% 6.0% 1558 2.0% 2.0%
July 1150 1264 –6.9% –6.9% 1611 3.4% 3.4%
October 1187 3.2% 3.2% 1347 6.6% 6.0% 1587 –1.5% –1.5%

2007 2008 2009_______________________________________________________________ _______________________________________________________________ _______________________________________________________________
Hypothetical Capped Hypothetical Capped Hypothetical Capped 

Index Quarterly Quarterly Index Quarterly Quarterly Index Quarterly Quarterly
Closing Index Index Closing Index Index Closing Index Index
Level Return Return Level Return Return Level Return Return______________________ _________________ _________________ ______________________ _________________ _________________ ______________________ _________________ _________________

January 1541 –2.9% –2.9% 1868 0.2% 0.2% 1808 –1.0% –1.0%
April 1754 13.8% 6.0% 1849 –1.0% –1.0% 1845 2.0% 2.0%
July 1648 –6.0% –6.0% 1888 2.1% 2.1% 1892 2.6% 2.6%
October 1863 13.0% 6.0% 1825 –3.4% –3.4%

Assumptions:

Issue price per note (your investment): $1,000
Sum of quarterly capped Index returns for the 20 quarterly valuation periods: 24.6%
Total return of the Index [(1892 – 1150) ÷ 1150] x 100: 64.5%

Calculations:

Calculation of payment at maturity per $1,000 principal amount of the notes

At maturity, you would receive a cash payment equal to the greater of:
(x) $1,100 $1,100

and
(y) $1,000 plus the additional amount

$1,000 + ($1,000 x 24.6%) $1,246

Investor receives $1,246 at maturity (24.66% total return on a hypothetical investment in the notes)

As this example illustrates, the 6% quarterly cap on any increases of the Index and the full exposure to any
decreases of the Index can result in the return on the notes significantly trailing the return on the Index or the
stocks underlying the Index. The 6% cap on positive quarterly capped Index returns can result in only a small
participation in significant positive Index returns. Combining this limited upside participation with the full
exposure to any and all negative quarterly capped Index returns, this example shows how a payment at maturity
on the notes can be significantly less than an investment directly in the Index or in the stocks underlying the
Index. In this example, if you had invested $1,000 directly in the Index instead of the notes, you would have
received $1,645 instead of the payment at maturity of $1,246 per note.
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C Hypothetical Examples From the NAS Prospectus

This appendix corresponds to two pages extracted from the prospectus of the contract NAS
sold by Structured Products Corp., Citigroup. We just reproduce the first two of the seven
examples contained in the prospectus.

Example 1: The value of the Nasdaq-100 Index as of the Ñnal scheduled distribution date is greater than its

value at issuance and the Nasdaq-100 Index appreciated by 3.00% (an amount less than the

periodic appreciation cap) during each period throughout the term of the certiÑcates:

2003 2004 2005 2006 2007 2008 2009

Index Capped Index Capped Index Capped Index Capped Index Capped Index Capped Index Capped
Level Return Level Return Level Return Level Return Level Return Level Return Level Return

January ÏÏÏÏÏÏÏ 1,515 3.00% 2,160 3.00% 3,079 3.00% 4,390 3.00% 6,259 3.00% 8,924 3.00%

February ÏÏÏÏÏÏ 1,560 3.00% 2,224 3.00% 3,171 3.00% 4,522 3.00% 6,447 3.00%

March ÏÏÏÏÏÏÏÏ 1,607 3.00% 2,291 3.00% 3,267 3.00% 4,657 3.00% 6,640 3.00%

AprilÏÏÏÏÏÏÏÏÏÏ 1,655 3.00% 2,360 3.00% 3,365 3.00% 4,797 3.00% 6,839 3.00%

May ÏÏÏÏÏÏÏÏÏÏ 1,705 3.00% 2,431 3.00% 3,465 3.00% 4,941 3.00% 7,045 3.00%

June ÏÏÏÏÏÏÏÏÏÏ 1,756 3.00% 2,504 3.00% 3,569 3.00% 5,089 3.00% 7,256 3.00%

July ÏÏÏÏÏÏÏÏÏÏ 1,809 3.00% 2,579 3.00% 3,677 3.00% 5,242 3.00% 7,474 3.00%

August ÏÏÏÏÏÏÏÏ 1,307 3.00% 1,863 3.00% 2,656 3.00% 3,787 3.00% 5,399 3.00% 7,698 3.00%

September ÏÏÏÏÏ 1,346 3.00% 1,919 3.00% 2,736 3.00% 3,900 3.00% 5,561 3.00% 7,929 3.00%

October ÏÏÏÏÏÏÏ 1,386 3.00% 1,976 3.00% 2,818 3.00% 4,017 3.00% 5,728 3.00% 8,167 3.00%

November ÏÏÏÏÏ 1,428 3.00% 2,036 3.00% 2,902 3.00% 4,138 3.00% 5,900 3.00% 8,412 3.00%

December ÏÏÏÏÏ 1,471 3.00% 2,097 3.00% 2,989 3.00% 4,262 3.00% 6,077 3.00% 8,664 3.00%

Index return • ®(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £ (1.00 ° 0.03) £
(1.00 ° 0.03)© minus 1.00 • 6.0349 or 603.49%.

Interest distribution amount • $10.00 £ 6.0349 • $60.35

Payment on the Ñnal scheduled distribution date • $10.00 ° $60.35 • $70.35 per certiÑcate.
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Example 2: The value of the Nasdaq-100 Index as of the Ñnal scheduled distribution date is greater than its

value at issuance and the Nasdaq-100 Index appreciated by 5.50% (an amount equal to the

periodic appreciation cap) during each period throughout the term of the certiÑcates:

2003 2004 2005 2006 2007 2008 2009

Index Capped Index Capped Index Capped Index Capped Index Capped Index Capped Index Capped
Level Return Level Return Level Return Level Return Level Return Level Return Level Return

January ÏÏÏÏÏÏ 1,749 5.50% 3,325 5.50% 6,322 5.50% 12,020 5.50% 22,852 5.50% 43,447 5.50%

February ÏÏÏÏÏ 1,845 5.50% 3,508 5.50% 6,670 5.50% 12,681 5.50% 24,109 5.50%

March ÏÏÏÏÏÏÏ 1,947 5.50% 3,701 5.50% 7,037 5.50% 13,378 5.50% 25,435 5.50%

AprilÏÏÏÏÏÏÏÏÏ 2,054 5.50% 3,905 5.50% 7,424 5.50% 14,114 5.50% 26,834 5.50%

May ÏÏÏÏÏÏÏÏÏ 2,167 5.50% 4,120 5.50% 7,832 5.50% 14,891 5.50% 28,310 5.50%

June ÏÏÏÏÏÏÏÏÏ 2,286 5.50% 4,346 5.50% 8,263 5.50% 15,710 5.50% 29,867 5.50%

July ÏÏÏÏÏÏÏÏÏ 2,412 5.50% 4,585 5.50% 8,717 5.50% 16,574 5.50% 31,510 5.50%

August ÏÏÏÏÏÏÏ 1,338 5.50% 2,544 5.50% 4,837 5.50% 9,197 5.50% 17,485 5.50% 33,243 5.50%

September ÏÏÏÏ 1,412 5.50% 2,684 5.50% 5,103 5.50% 9,703 5.50% 18,447 5.50% 35,071 5.50%

October ÏÏÏÏÏÏ 1,490 5.50% 2,832 5.50% 5,384 5.50% 10,236 5.50% 19,461 5.50% 37,000 5.50%

November ÏÏÏÏ 1,571 5.50% 2,988 5.50% 5,680 5.50% 10,799 5.50% 20,532 5.50% 39,035 5.50%

December ÏÏÏÏ 1,658 5.50% 3,152 5.50% 5,993 5.50% 11,393 5.50% 21,661 5.50% 41,182 5.50%

Index return • ®(1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055)
£ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 °
0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £
(1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 °
0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £
(1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 °
0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £
(1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 °
0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £
(1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 °
0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £
(1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 ° 0.055) £ (1.00 °
0.055)© minus 1.00 • 33.2501 or 3,325.01%.

This is the maximum possible index return.

Interest distribution amount • $10.00 £ 33.2501 • $332.50

Because the periodic capped return for any reset period will not in any circumstances be greater than
5.50%, $332.50 is the maximum possible interest distribution amount.

Payment on the Ñnal scheduled distribution date • $10.00 ° $332.50 • $342.50 per certiÑcate. This is
the maximum possible payment on the Ñnal scheduled distribution date.
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