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New derivatives based structures

The risk taker’s viewpoint

► When investing in a portfolio A of tradable assets (generally involving also derivatives and combinations 
thereof) a rational investor is in fact implicitly making one of two assumptions on probability. 

1. If C(t) denotes the value of cash account accruing at the risk free rate, 

Probability { A(t)/C(t) ≥ A(0) } =1 and Probability { A(t)/C(t) > A(0) } > 0,

in the risk neutral probability. I.e., at at least a time t in the future, A will certainly not under-perform 
the cash account and in fact, with non-zero probability, will outperform it.

In this case A provides a risk-free profit; the arbitrage opportunity arises from mis-pricing of A(0) 
within the risk neutral measure.

2. In the “real” measure          Expectation[ A(t)/C(t)] > A(0);    

or in fact, and preferably, finer assumptions on the shape of the “real” probability distribution of A(t) 
as compared to the risk neutral distribution. (For example, the assumption that the real distribution is 
definitely shifted and sharply skewed to the right of the risk neutral one, thus making positive 
outcomes more probable). 
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New derivatives based structures

The risk taker’s viewpoint

► An investor’s decision process goes roughly  follows:

1. Starting from a view on a set of market prices or parameters, identification of the tradable assets –
often derivatives – that allow to capture the expected excess value.

2. Formulation of a practicable trading strategy that responds to rigid risk management criteria.

3. Package the strategy that most directly exhibits performance under back-testing and stress 
scenarios.

► Most standard structured derivatives contracts are defined by a sequence of pre-defined payoffs, and 
valued via risk neutral expectation. Risk measures are typically not constant. It is not obvious how a 
product could be configured so that, for example, the effect of a future gapping event (e.g., a jump in 
relevant market variables), or the standard deviation of the contract over a future time window, could be a 
priori quantified.

► Derivatives desks at investment banks have thus been increasingly moving into the space naturally 
occupied by funds (asset managers, hedge fund managers, etc). This should not be entirely surprising, as 
these desks are in fact naturally equipped with the analytic tools for the strategy formulation, and they can 
take upon themselves and manage the associated execution risks. 
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Strategy Indices: Purpose

► A strategy index is a tradable asset constructed not in terms of a sequence of statically defined payoffs, but 

rather defined by a sequence of trading operations based on predetermined quantitative criteria. One may 

think of it as a virtual fund whose decisions and actions are based on algorithms. 

► It can be naturally configured so to maintain a predetermined risk exposure.

► Alpha versus beta character: to pay tribute to conventional jargon. Alpha is the return that can be 

generated by managing market positions while preserving both neutrality and low correlation with respect to 

a set of  “main” market indicators (such as: level of interest rates in major currencies; major equity, 

commodity and bond indices, etc.) to which an investor is likely to already be “beta”-exposed. “Portable”

means that the alpha- or beta- generating strategy can be entered independently of any other pre-existing 

positions; it can hence be embedded into an unrelated structure or overlaid to a portfolio. A portable strategy 

is most likely achieved through a synthetic formulation, such as an index.

► The value of a strategy index is by construction path-dependent: it depends on how markets evolve between 

start to end date. 
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New derivatives based structures

Strategy Indices: Construction

► Investment Portfolio IP: at any time t, a linear combinations of (units of) tradable assets Ai of the form

IP(t)  =  Σi αi(t) Ai(t)

We assume here for simplicity that all assets are entered with no upfront payments (e.g.,swaps).

► Cash account C: at any time t, an amount of cash C(t). The account is initialized with a cash injection, say

C(0) = 100,

it accrues at the risk-free rate r and is recursively defined so to collect all gains and losses realised in the 
investment portfolio. It serves as a collateral for the risky investment portfolio position.

► Rolling schedule: a list of times 

T0 ≡ 0 < T1 <  T2  < … with Ti – Ti-1 = ∆T 

at which the position on the investment portfolio is rolled over.
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New derivatives based structures

Strategy Indices: Construction

► Leverage λ: a function λ(t) expressing the proportion between amount put a risk in the investment portfolio and 

cash collateral.  Generally this is a function of one or more relevant market variables at t:

λ(t) = λ(t; market(t))

► Rolling mechanism and the index recursion: On every rebalancing date Ti the investment portfolio position 

is closed with a cash gain or loss, and a new investment portfolio position is entered in a notional amount

λ(Ti) max[I(Ti),0]

The strategy index value is hence given by 

I(t) = I(Ti-1) [1+r(t-Ti-1)] + λ(Ti-1) max[ I(Ti-1),0] IP(t) for   Ti-1 < t ≤ Ti

If Vi is the unwinding cash value of the investment portfolio at Ti, the values on rolling dates satisfy the 

recursion

I(Ti) = I(Ti-1) (1+r∆T) + λ(Ti-1) max[I(Ti-1),0] Vi with  I(0)=C(0)=100.

C(t)
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Strategy Indices: Construction

Progression of Index value with yearly rebalancing

(5% risk-free rate and 10% Inv Portfolio growth rate)

0

100

200

time in years

Inv Portfolio Return

Cash

Inv Portfolio

Return

0 10 11.5 13.225

Cash 100 105 120.75 138.8625

0 1 2 3

► Example: a strategy index with constant leverage function and yearly spaced rolling dates
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New derivatives based structures

Strategy Indices: The leverage function

The leverage function λ is chosen according to risk/return criteria. Here are a few practical possibilities:

1. Controlling the gap risk: the index crashes to near zero or below at time t in the interval (Ti-1,Ti] 

whenever a loss of size |∆IP| occurs so that

λ(Ti-1) |∆IP| ≥ 1.

Fixing a gap “cushion” |∆IP| bounds the leverage by the condition λ ≤ |∆IP|.

2. Bounding the volatility: The IP(t) price process calibrated on data at Ti-1, together with the risk-free rate 
process and their correlation, determines the standard deviation of I(Ti) as a function of λ(Ti-1). The latter 
can be chosen so that the standard deviation should be lower than a given bound.

3. Opportunity weighting: A criterion that could be superimposed to the above. The amount λ to be put at 
risk at Ti-1 can be constructed as a function of the then current (and/or past) values of relevant market 
indicators. A simple example would be that of a step function that moves from 1 to 0 whenever the value of 
a certain market indicator at Ti-1 falls below a given barrier.
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New derivatives based structures

Search for opportunities: Equity Volatility arbitrage

► Is there a stable difference between market assets’ volatilities and the corresponding realized volatilities. In other 
words, are options mis-priced, thus introducing a systemic discrepancy between the “arbitrage-free” risk neutral 
probability and the real world probability? 

► Not for all assets.

► Equity: Typically market makers/traders are net sellers of short term volatility/options given the strong client 
demand for such products.

► Periodic occurrence of market events, such as major drops in equity markets or sudden jumps in volatility, 
contribute to what we may call an implied volatility bias. Traders cover the risk related to these events by 
charging higher option prices leading to higher implied volatilities. Historically, whenever a sudden fall in equity 
markets occurred, the market overestimated the probability of re-occurrence of such an event. 
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Search for opportunities: Equity Volatility arbitrage

► Case S&P 500: The realized monthly volatility (RVOL) versus the implied 1m volatility (Strike SPX) computed via the option 

market. Note the RVOL spikes in Nov 1997, Sep 1998, and during the equity bear period in 2002.
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Search for opportunities: Equity Volatility arbitrage

► Expected variance in the risk-neutral measure (in the simplified case where interest rates = 0)

Exp variance = (Strike)2 = ∫dk θ(S-k) P(k)/k2 +∫dk θ(k-S) C(k)/k2

where S is the stock’s present value, P(k) and C(k) respectively the price of a put and a call of strike k, and θ(x) = 

1 for x>0, θ(x) = 0 otherwise. Implied volatility here will be understood as the square root of the variance.

► Realized volatility

► Variance swap payoff at maturity ~ (Strike)2  – RVOL2
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Search for opportunities: Equity Volatility arbitrage

► “Alpha” type: Distribution of returns of 1 month S&P 500 variance swaps inferred from historical data (Jan 1990 – Sep 2006). 

► Typical “Beta” type: Returns of 1 month investments in the S&P 500 financed at the LIBOR rate are shown for comparison.
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Search for opportunities: Equity Volatility arbitrage

► A Dresdner Kleinwort proprietary strategy index built using a gap risk controlling, implied volatility dependent leverage function. 

Note that in this graph transaction costs are not taken into account.

Strategy Index Monthly Returns
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Search for opportunities: Equity Volatility arbitrage

► A Dresdner Kleinwort proprietary strategy index built using a gap risk controlling, implied volatility dependent leverage function. 

Transaction costs are here not taken into account.

Index monthly level
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Search for opportunities: FX forwards arbitrage

► The forward FX rate between low and high interest rate currencies tends to over-predict the future realised spot FX rate (Forward 

FX Bias). 

► FX Forward rates are mainly used to hedge exchange rate risk. If market makers are risk-neutral, the FX Forward rate is a proxy 

for the expected future FX Spot rate. Interest rate differentials mainly reflect expected inflation differentials.

► When a country assumes tighter domestic monetary policy (i.e. raise domestic nominal interest rates), usually the currency 

appreciates on the spot market and is expected to depreciate in the future – as implied by the FX Forward. 

► Back-testing on historical data between 1995 and 2005 (for a basket of the 5 Major OECD Currencies USD, GBP, JPY, EUR, 

CHF) shows that the one-month FX Forward overestimates the one-month spot rate – based on individual pairs – between 57% 

and 64% of cases and the average annualised overestimation stands between 3.5% and 7.3%.

► Choosing the currency pair with the widest interest rate differential within the above basket produces the highest percentage of

cases where the one-month FX Forward rate overestimated the FX spot rate at 65% and the highest overestimation level at 8.8%, 

respectively. 
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New derivatives based structures

Search for opportunities: FX forwards arbitrage

► Let FXH and FXL be the exchange rates of the domestic currency (USD) with respect to the highest and lowest 
rate currencies in the basket USD, EUR, CHF, GBP, JPY.

► Lending at the highest rate and borrowing at the lowest between t and t+∆t gives the following
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New derivatives based structures

Search for opportunities: FX forwards arbitrage

► “Alpha” type: Distribution of returns of 1 month contracts where we lend at the highest rate and borrow at the lowest rate (highest 

and lowest are determined monthly within a fixed basket of major currencies). The chosen base currency is USD. Data of Jan 

1990- Oct 2006.
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New derivatives based structures

Search for opportunities: FX forwards arbitrage

► Strategy indices built using gap risk controlling leverage functions with or without added controls. A volatility trigger prevents from 

entering the monthly investment roll in presence of too high implied FX volatilities. An additional trigger prompts unwinding of the 

investment whenever a given stop loss limit is breached. Transaction costs are here not taken into account.
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Search for opportunities: FX forwards arbitrage

► Strategy indices built using gap risk controlling leverage functions with or without added controls. A volatility trigger prevents from 

entering the monthly investment roll in presence of too high implied FX volatilities. An additional trigger prompts unwinding of the 

investment whenever a given stop loss limit is breached. Transaction costs are here not taken into account.
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Search for opportunities: FX forwards arbitrage

► The addition of more sophisticated opportunity weighting leverage functions can substantially improve the index. Represented 

below is the result obtained via a leverage function which also depends both on past trend and on FX volatility skew (DIDA-M 

Index).
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Search for opportunities: Relative value of CDO tranches

► Analysis below shows the premiums paid to protection sellers for various parts of the tranched 5 year CDX IG index, expressed 

as a percentage of the premium on the un-tranched index. That is for the tranche [x,y], the ratio

(∫dp(l) θ(l-x) θ(y-l) l) / (∫dp(l) l), where l is the total percentage loss in the portfolio between time 0 and 5 years

► As of Q3 2005, strong fundamentals in conjunction with technical factors have resulted in a re-distribution of value from 

mezzanine to equity tranches
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Search for opportunities: Relative value of CDO tranches

► Rolling position of the form

Π = Equity(0-3%) – ∆ Mezzanine(0-7%)

such that for a parallel market move, i.e., 

s → s + δs in all spreads in the CDX index

we have δΠ = 0.
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Search for opportunities: Relative value of CDO tranches

► Distribution of monthly returns of a (long 0-3% equity, short 3-7% mezzanine) delta neutral position in CDX tranches. Data of June 

2005 – Sep 2006.

► As a reference the distribution of monthly returns of a CDX long positions is also shown. Data of June 2004 – Aug 2006.
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Search for opportunities: Relative value of CDO tranches

► Strategy index built using gap risk controlling leverage function λ = 4. Transaction costs are here not taken into account.

Index Monthly Returns

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

-2
0%

-1
7%

-1
5%

-1
2% -9

%

-6
%

-4
%

-1
% 2% 4% 7% 10
%

12
%

15
%

18
%

20
%

23
%

26
%

29
%

31
%

34
%

37
%

0

0.2

0.4

0.6

0.8

1

1.2

min=-19.9%

max=33,94%

mean=3.62%

std=10.99%



25

New derivatives based structures

Search for opportunities: Relative value of CDO tranches

► Strategy index built using gap risk controlling leverage function λ = 4. Transaction costs are here not taken into account.
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Strategy index derivatives

Pricing the strategy index and transaction costs

► If we could ignore liquidity, and transaction costs issues, the value of a strategy index as defined before would 
obviously by construction be equal to the initial cash infusion C(0). 

► Consider a simple cash settled contract according to which the index buyer will receive the index value I(T) at 
time T. If liquidity of the underlying rolling investment portfolio were unlimited, and bid/offer spreads equal to 
zero, the present value of the contract would be C(0) = 100. Given the great number of derivatives contracts 
involved, and their potentially large amounts, in fact the price at which the contract can be sold has to be 
considerably larger.

► Note that transaction costs are strongly dependent on the path of the index value from time 0 to time T.

► The index seller could choose to replicate rather than actually enter the derivative contracts in the rolling 
underlying portfolio. Bid/offer costs of the derivatives would thus resurface in the form of replication costs.

► The problem of pricing the index falls beyond the scope of risk neutral evaluation; it has nevertheless a strong 
impact on price competition among banks and on internal risk management policy.
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Strategy index derivatives

Elementary derivatives: main examples

Here we list just two basic examples. Note that path-dependency is a built in intrinsic feature of the index.

1. Standard strategy index derivatives guaranteeing a minimum payout are built with payoffs of the form

Max[ I(T), K ]

without or with barrier features.

2. Partially guaranteed funds. Let  

Maxi = Max{ I(Tj) │j=0,…, i }.

If k is number between 0 and 1, a fund with partial guarantee which can be withdrawn at any time Tn pays 
at Tn the cash amount 

Max[ I(Tn), k·Maxn-1]
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Disclaimer

►This presentation has been prepared by Dresdner Kleinwort and is intended for discussion purposes only. Neither this presentation nor any other statement 

(oral or otherwise) made at any time in connection herewith is an offer, invitation or recommendation to acquire or dispose of any securities or to enter into any 

transaction.  Potential counterparties should review independently and/or obtain independent professional advice and draw their own conclusions regarding the 

suitability of any transaction including the economic benefit and risks and the legal, regulatory, credit, tax and accounting aspects in relation to their particular 

circumstances.  Figures quoted herein are indicative only and past performance is no guarantee of future results.  There can be no assurance that the investment 

objectives will be achieved. Any investment may involve economic and market risks, and the value of any investment may go down as well as up.  Any offer 

would be made at a later date and subject to contract, satisfactory documentation and market conditions.  Dresdner Kleinwort does not make any representations 

as to any matter or as to the accuracy or completeness of any statements made herein or made at any time orally or otherwise in connection herewith and all 

liability (in negligence or otherwise) in respect of any such matters or statements is expressly excluded, except only in the case of fraud or wilful default.  

Dresdner Kleinwort may from time to time have a long or short position in, or buy, sell or offer to buy or sell securities, commodities, futures and/or options 

identical to or related to those described in this document as principal or agent.  Distribution of this document does not oblige Dresdner Kleinwort to enter into any 

transaction.  The information in this presentation is subject to change without notice and may be amended, superseded or replaced in its entirety by subsequent 

documents.  This presentation may not be copied or distributed or passed on directly or indirectly to any person without the express written consent of Dresdner 

Kleinwort.  Additional information is available on request.

►“Dresdner Kleinwort” is the marketing name for the investment bank of Dresdner Bank AG, a member of Allianz.  This document has been prepared by 

Dresdner Bank AG London Branch (“DBL”), and/or Dresdner Kleinwort Securities Limited (“DKSL”) and any of their affiliated or associated companies and their 

directors, officers, representatives or employees and/or any persons connected with them. DKSL is authorised and regulated by the Financial Services Authority.  

DBL is authorised by the German Federal Financial Supervisory Authority and regulated by the Financial Services Authority for the conduct of designated 

investment business in the UK.


