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Introduction to Exotic Options

backtesting for development of more robust hedging strategies .... n Pros: â€“ Quick and robust n Cons: â€“ Inflexible, limited to a very small range of exotics ... n Pros: â€“ More stable than binomial trees for barriers. â€“ High flexibility in the ... 
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Exotic Options Presentation Plan



n Overview



Description of the dynamics of the exotics business



n Products



Introduction to the major types of flow products in the exotic and structured product market



n Pricing



Sampling of the tools and methodologies used in pricing



n Risks



Outline of the principal exotic risks faced in structured products trading



n Conclusion



Summary of the state of the business and of future opportunities
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Overview - What are Exotic Options?



n Exotic Options are non-vanilla products that have any of the following



features:



– – –



a non linear, discontinuous and/or path dependent payoff a payoff conditional on some events being triggered a payoff based on multiple assets



n Moreover, these products have highly complex market exposures and



exhibit certain non-standard risks including:



– – –



high convexity of the Greeks = f(spot, volatility, time) extreme discontinuity of the Greeks cross-relationship effects between underlyings (cross-gamma, etc)
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Overview - Rationale of the Business



n Tailor-made products fitting specific customer, regulatory, or price



requirements n Efficient and consistent centralised market-making service on the



widest range of structures on all core markets n Source of volatility for the non-exotic books, while relieving them from



the difficulties of risk managing the ‘exotic risks’ n Centralised risk-management focusing on the spreading of higher-



degree risks, including convexity and gap risks n Marketing and PR role for customer relationships
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Overview - Key Activities of the Business n Pricing and Market Making



– – –



consistent market-making for flow-business advisory service and tailor-made design of complex structures synergy with the Quant Team for the development of more suitable models



n Risk-management of Exotic Risks



– – – –



stripping out first order risks with plain-vanilla traders initial static hedge to offset most of the risk dynamic re-hedging of non-linear risks offsetting exotic risks with other new structures



n Long term developments on hedging strategies



– – –



extraction of risks non-explicit in our Risk Management system stress test for exotic risks backtesting for development of more robust hedging strategies



LEHMAN BROTHERS



5



Exotic Options Trading London, July 2003



Overview - Business Organisation



Prop Books



customer requests



Sales



Exotics



Quants



market-making, tailor-made design



Flow Books
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Overview - Business Organisation



Prop Books



model development



Sales



Exotics



Quants backtest, calibration, hedging experience



Flow Books
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Overview - Business Organisation



Prop Books



Sales



Quants



Exotics



experience on markets, vanilla market-making



short dated vega and gamma outsourcing



Flow Books
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Overview - Business Organisation



Prop Books



experience on markets, long dated vega/correlation



Sales



strip out long dated vega



Exotics



Quants



Flow Books
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Products - Barrier and Range Options n Options where the payoff is



Structure



altered depending on a certain asset path being observed n Principal risks are the delta



Structure



Pay-off



European Digital Call



European Digital Put



American Digital Call



American Digital Put



Up & Out Call



Down & Out Put



Up & In Call



Down & In Put



Down & Out Call



Up & Out Put



slippage and the gap risk n Also a significant vega



convexity exposure n Excellent calibration to



competition pricing due to commoditisation of the product range



Down & In Call



Ö



Up & In Put



Ö



un derlyin g price tun nel stops tem p orarily p aying



n Example: Down and In Puts for



L up



Reverse Convertible issuances, American rebates or Up & Out Calls for cheap Capital Protected ELNs
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Products - Long Dated Notes n Bonds structured to provide a path dependent equity participation on



the upside plus a capital guarantee n Products exhibit significant non-linear skew exposure and are sensitive



to long-dated volatility and skew, interest-rate / equity correlation n Example: Callable Equity Linked Notes, Cliquets, Ladders 135.00
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Products - Correlation Products n Products where the payoff is dependent on the performance of several



assets n Main risk is the inter-asset correlation and the resultant



interdependence of the Greeks (e.g. cross-gamma, diluted delta) n Example: Outperformance Calls, Rainbows, Himalayas, Altiplanos 0.70 0.60 0.50 0.40 0.30 0.20 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00



0.10 0.00



-3.00
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Pricing - Analytical Models n The traditional closed-form Black-Scholes equation - only usable when



the Partial Differential Equation accepts analytical solutions satisfying the payoff boundary conditions LookbackCall = Se



- qT



é ù é ù s2 s2 - rT Y1 N a N a S e N a e N a ( 1 )ú min ê ( 2 ) ( 3 )ú ê ( 1) r q r q 2 2 ( ) ( ) ë û ë û



n Sometimes, a numerical integration will be necessary



æ e -n nFn (S)Gn » Kçç 3 è n



2



2



ps P( S ) = P0 ( S ) + æ Lim2 ö ln 2 ç ÷ è Lim1 ø n Pros:



–



+¥



å (-1)



n



nFn ( S )Gn



n =1



ö ÷÷ ø



Quick and robust



n Cons:



– –



Inflexible, limited to a very small range of exotics No satisfactory way to account for implicit skew
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Pricing - Binomial and Trinomial Trees n



The stochastic behaviour of the stock is modelled with a discrete binomial process 160.00
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Pros:



– n



100



Flexible, accepts most European payoffs and American barriers and can accommodate for the term structure of local volatility



Cons:



–



Second order and higher order Greeks are unstable (erratic convergence behaviour)



–



Term structure of implied vol hard to implement (branching probabilities must be non-negative)
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Pricing - Monte Carlo simulations n The stochastic behaviour of the stock is modelled via random walk



processes



113.50
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Extremely flexible, accommodates most options, even Americans with Schwartz & Longstaff (1999) n Cons:



High computational burden, extremely slow when reasonable accuracy is required
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Pricing - Finite Difference Methods n



The Crank-Nicholson semi-implicit numerical scheme: space and time are decomposed in infinitesimal steps



P(S+DS, t) P(S, t-Dt)



P(S, t) P(S-DS, t)



n



Pros:



– – – n



More stable than binomial trees for barriers High flexibility in the discretisation (for asian options, barriers, etc Probably the most suitable numerical scheme to implement a term structure of local volatility



Cons:



–



Difficulty in fitting absolute dividends to the mesh
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Pricing - Local Volatility Models n



Instantaneous volatility, no longer a constant but a deterministic function s(St ,t) of spot and time, is calibrated to exactly match today’s price of liquid vanilla options 5.00 3.00 1.00



s (K , T ) =



-1.00



2 K



2 weeks ATM-5



¶C (K , T ) + r (T ) ¶C (K , T ) ¶T ¶K 2 ¶ C (K , T ) ¶K 2



4 weeks



ATM ATM+5



n



Pros:



– n



Model consistent with observed market prices of liquid options; will reflect the real hedging cost



Cons:



– –



Problems of interpolation from instant vol surface Dynamics of the local volatility surface are not taken into account
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Pricing - Stochastic Volatility Models n ‘HJM’ arbitrage-free implied/local stochastic volatility model: allows for



volatility surface to follow a stochastic process



–



model calibrated so that it fits today’s observed volatility surface n d z ( t , T , S t / K ) = m ( t , T , S t / K ) dt +



–



åu



i i ( t , T , S t / K ) dW t



P



i =1



dynamics defined so that explicit future arbitrages are excluded st =



lim z (t , T ,1) = z (t , t ,1) T ®t



n Other promising approaches include:



– – –



Heston model (1993), Andersen & Andreasen model (1999) models with uncertain vol, weighted Monte Carlo (Avellaneda, 1999) combination of stochastic vol and Poisson factor (jump process)



n Pros:



–



The only proper way to fit the price of hedging instruments and to price the dynamics of volatility (vega convexity, volatility of volatility, vol drift)



n Cons:



–



Estimation issues due to over-parameterisation
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Risks - Vega Outsourcing n The vega exposition of a barrier option is a highly sensitive function of



spot, time and volatility n Can we statically hedge out the vega of a barrier option with a portfolio



of plain options ? No, but at least we can minimise the bulk of our vega exposure over time, spot and volatility movements:



min E (Q1...n , K1...n , T1...n ) S max



E=



s max



t max



2



ù é Vega ( S , s , t ) Q vega ( S , s , t ) å Exo n Plain ( K n ,Tn ) ê ú dSdsdt ò ò ò n =1 û S = S min s =s min t =t min ë N



n For example, using a minimal number of options, the following could



be hedged:



–



a Put K=110 Down & In at 80 hedged with a plain Put K=90 twice the notional



–



an Up&Out Call ATM 130 hedged with a Call Spread 90-120 1-by-3
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Risks - Vega Convexity n A static hedge with a replicating portfolio of plain options will never be



a perfect hedge, especially when the vol level change. n



¶Vega ¶Vega ¶Vega are highly convex functions: , , ¶s ¶S ¶t The vega of a digital option can double-up when vol moves down 5 points, while the vega of a plain Call will stay unchanged



n Ability to hedge by developing a two-way market on vega convexity



– –



short vega convexity with long Down & In Puts



9.00 8.00 7.00 6.00



long vega convexity with short downside digitals



5.00 4.00 3.00 2.00 1.00



60.00%
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46.68% 33.32% 20.00% 90.00
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Risks - Gap Risk Dispersion n The gap risk refers to liquidity issues



DeltaGapt = D L +e - D L -e



Texp -t



= f (K , L, X , s , Texp - t )



GapRiskt = p( L) * DeltaGapt * SlippageCost n It can only be estimated with a probabilistic approach, but cannot be



hedged against $6 MLN



n A large enough portfolio



of barrier options reduces risk via barrier dispersion (gamma convexity against gap risk)



$5 MLN $4 MLN $3 MLN $2 MLN $1 MLN $0 MLN 33%
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Risks - Non-Linear Skew Exposure n



Although vanillas can exhibit skew risks (i.e. both long and short volatility exposures on the same product), the skew present in most exotics is much more severe, being highly non-linear and heavily path and time dependent. 0.20



0.00 90.00



95.00



100.00



105.00



110.00



115.00



-0.20



-0.40



-0.60



-0.80



-1.00



n



It is impossible to statically hedge this with the corresponding vanilla options. However, possible solutions include:



– –



Decomposing the payoff into long vol / short vol components Aim to move toward the next generation of models taking the term-structure of volatility implicitly into account
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Risks - Correlation Risk n Multi-asset products (Rainbows, Himalayas, Altiplanos) have a



sensitivity to cross-correlations between the different underlyings 2.00 1.60



æ ¶ P ç 2 ç ¶S1 G=ç ¶2P çç è ¶S1¶S 2 2



1.20



¶ P ö ÷ ¶S1¶S 2 ÷ ¶2P ÷ 2 ÷ ¶S 2 ÷ø 2



0.80 0.40 0.00 -0.40 -0.80 -1.20 -1.60 -2.00 -2.00



-1.40



-0.80



-0.20



0.40



1.00



1.60



n Most lower order multi-asset exotics (e.g. Worst-Of options) have a



singular exposure to correlation, either long or short n Higher order multi-asset products (e.g. Altiplanos) exhibit a much more



sophisticated exposure, with a skew-like long/short profile across the entire spot-time-volatility space
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Conclusion: Focus on High Margin Products n



The risks faced in trading exotic options are complex and involved, often requiring both a mathematical understanding of the product and an appreciation of the market dynamics



n



The appetite for exotics has increased from our increasingly sophisticated customer base; consequently, on ‘standard’ exotic products, margins are getting similar to those on vanillas



n



Most of the revenue generated by the Exotic business happened on new innovative products



n



–



Dynamic Reallocation Strategies (CPPI type) on baskets of Hedge Funds, Mutual Funds or Single Stocks for Luxembourg-based funds



–



Tailor-made retirement pension schemes for continental insurance companies, with hybrid exposure to equities, bonds and inflation



– –



Complex multi-asset products (Altiplanos, Podiums) for retail distributors Options on Quant/Macro-driven strategies for high-net worth individuals



Constant need to find innovative ideas fulfilling client regulatory and price needs, while balancing with risk management issues
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