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OBJECTIVE

• The team:
– PROMETEIA Calcolo, Flavio Cocco
– University of Palermo, Andrea Consiglio
– HERMES Center  

• Integrative asset and liability modeling for 
endowments with minimum guarantees
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OUTLINE

• The issues
• Scenario optimization modeling
• The PROMETEIA model
• Results for the Italian insurance industry
• Conclusions

http://fic.wharton.upenn.edu/fic/wfic/papers/00/p0041.html

Application to Personal Financial Planning
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The issues

• Products with minimum guaranteed return
• “Smoothing”  policies

– Household financing and pension funds
– Life insurance policies and  mutual funds 
– Investment side of commercial Banks

• In the 1990’s fixed income securities could hardly 
yield the guarantee

• Competitive pressures
• Regulatory restrictions
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Participating policies

• Sum insured payable if event occurs before T
• Otherwise the insured sum capitalized at the 

rate of  an asset portfolio
– bonus policy

• Minimum guaranteed rate of return
• Lapse option to surrender the policy
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Modeling issues

• Pricing the options
– guarantee (bond)
– bonus (European option)
– lapse (American option)

• Brennan and Schwartz (1976), Boyle and Schwartz (1977)
Grosen and Jorgensen (1999),  Bacinello (1999)
Giraldi et al. (2000), Siglienti (2000)
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Further modeling issues

• Capitalizing the product
• Satisfy regulatory requirements (leverage)
• Design competitive policies

• Integrated financial product management:
Holmer and Zenios, Operations Research, 43, 1995.
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Stochastic Programming

• Optimization under uncertainty 
• Dynamic: decisions are revised with time 

as more information is received
• Anticipate uncertainty and adapt with it

G.B. Dantzig (1955), R. J-B. Wets (1966)
J.R. Birge and F. Louveaux, (1997)

Y. Censor and S.A. Zenios, 
Parallel Optimization: Theory, Algorithms and Applications,
Oxford University Press, 1997.
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Scenario tree
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Model Definition

• Integrate the option pricing problem with 
the  asset allocation problem

• Determine optimal asset allocation and 
debt structures

• Analyze different policies
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Asset portfolio characteristics

• Robust portfolios to face uncertainty 
• “Minimize” shortfalls due to portfolio 

returns below the minimum guarantee
• Equity-to-liability regulatory ratios 
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State-of-the-art

• Ziemba et. al., The Frank Rusell Model, Interfaces, 1994

• Mulvey et al.,  The Towers Perrin Model, 1998.

• Dempster et al., The CALM Model, 1998.

• Nielsen and  Zenios, Mathematical Programming, 1996.
– METLIFE Insurance Co.

• Consiglio and Zenios, J. Econ. Dynamics and Control, 1997.
– Federal National Mortgage Association

• Consiglio and Zenios, Mathematical Programming, 2001.
– Banca della Svizera Italiana
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The PROMETEIA model
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Results for the Italian insurance industry

• Are mean-variance portfolios efficient?
• How far can the industry push its policies?
• Tradeoffs in portfolio structure
• Competitive policies 
• 23 stock indices and 3 bond indices (IT)
• Stock and bond indices (UK, USA, JP)
• Corporates (USA)
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Are mean-variance portfolios efficient?
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Cost of guarantee and CEexROE of 
mean-variance portfolios
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Optimal portfolio structures
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Establish credibility of the model:
comparisons with benchmark portfolios
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How far can the industry push its policies?
Net CEexROE vs min. guarantee
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How far can the industry push its policies?
Cost of min. guarantee vs net CEexROE 
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Satisfying the regulators
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Competitive policies:
CEexROE, guarantees, costs
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Competitive policies:
CEexROE, guarantees, costs
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Shareholder risks of competitive policies
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Current developments

• Expand asset base:
– Corporate bonds
– International
– Mutual funds (!): benchmarking

• Forward-looking scenario generation
• Multi-stage, multi-period optimization
• Lapse and  bonus policies
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The effects of  lapse

NetCEexROE vs Min Guarantee for different lapsing levels
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Modeling the lapse option

Y=0.219+0.140*ARCTAN(78.932*X- 4.298)
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Reserving Methods:
Long term debt vs short term borrowing
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Personal financing

Web based financial services
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CONCLUSIONS

• Satisfy tradeoffs efficiently:
– competitive policies
– return to shareholders
– regulatory restrictions

• Analyze debt structures: 
– equity, short-debt, or long-debt

• Financial engineering and the Web
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