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Introduction: Motivation
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 Solutions for retirement income are becoming increasingly important

 In particular against the background of demographic development

 However, standard annuities:

• Pricing based on above-average life expectancy

• Less attractive to customers with below-average life expectancy

 Product solutions:

• Enhanced annuities (higher annuity when reduced life expectancy)

• But: Offering enhanced annuities is a challenging task



Introduction: Aim of paper
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 Research on enhanced annuities (EnA) and risk classification

• Considerable body of literature in general

 Open: Classification systems with underwriting risk and costs

 Contribution and aim:

 Study impact of introducing EnA from a life insurer’s perspective

• Develop a comprehensive model framework accounting for

 Choice of classification system and associated classification costs

 Underwriting risk and underwriting quality



Model framework: Basic model set-up
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 Insurer sells annuities with

• Fixed guaranteed annual annuity payment S0 (same for all types)

• Single premium Ph that depends on the respective risk class h
(lower premiums in case of lower life expectancies)
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Model framework: Mortality heterogeneity
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 Multiplicative stochastic frailty factor model for mortality probabilities 
(based on Gatzert et al., 2009 and 2012; Hoermann and Ruß, 2008; Kling et al., 2014; Pitacco, 2004)

 Actual (“true”) one-year mortality probability (policyholder i, age x)

• di (i = 1,...,N) from gamma distribution

• di < 1 (> 1) above (below) average life expectancy
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Model framework: Individual underwriting
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 Enhanced annuities: Individual underwriting is needed

 Insurer assesses individual’s health status (estimates frailty factor)

• with                    and same distribution as D

• Gaussian copula for dependence structure between    and D              
with Kendall’s tau

 Risk classification system: H different risk classes

• Equidistant partitioning             for h=1,…,H-1, and            , h=H

• Policyholder i is assigned to risk class h (eq. subinterval length l)   
if     falls into corresponding interval h
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Model framework: Pricing
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 Price of an annuity

•

• Based on average potential insured in risk class h

• Expenses associated with individual underwriting (H > 1)

 Costs for individual underwriting
(positive impact on underwriting quality    )

 Classification costs
(depending on the granularity of the risk classification system)

 Standard annuity (H = 1): cU = 0 and cC = 0
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Model framework: Underwriting risk
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 Risk classification correct:

 “True” frailty factor

 Underwriting risk: Policyholder that actually belongs to risk class hi

is wrongly assigned to a higher risk class          (i.e.  )

 Higher annuity payment (not sufficiently covered by premium)

 Underwriting quality

 Classification costs
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Model framework: Adverse selection
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 Person with a low life expectancy would generally prefer the 
enhanced annuity product instead of the standard annuity

 But not all policyholders would switch due to market imperfections

 Customer purchases annuity only if true frailty factor

• Threshold

• Basic threshold calibrated via
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Model framework: Asset side
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 Asset portfolio follows a geometric Brownian motion

 Initial asset value

 Value of assets at the end of year t (i.e., at t-)

 Value of assets at the beginning of year t+1
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Model framework: Surplus distribution
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 Smoothing scheme for surplus distribution                                       
(based on Grosen and Jørgensen, 2000; Bohnert et al., 2015)

 Surplus appropriation: One-time direct payment scheme

 Terminal bonus
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Evaluating the impact of risk classification
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 Ruin probability (assets not sufficient to cover liabilities)

 Net present value of the policyholders in risk class h
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Numerical results: Input parameters
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 Analysis: Insurer A (standard annuities, H = 1) vs. insurer B 
(engaging in full risk classification, H > 1)

 Parameters:

Number of prospective customers (interested individuals) N 1,000

Maturity of the model T 40

Policyholders’ age x 67

Mortality probabilities from a standard mortality table DAV 2004 R

Guaranteed interest rate rG 0.9%

Risk-free interest rate (considerably reduced in robustness checks) rf 1.5%

Expected one-period asset returns m 3.60%

Volatility one-period asset returns 3.16%

x
q





Risk classes and underwriting quality
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 Ruin probability

 NPV policyholders

Insurer B: Full risk classification
Insurer A: Standard annuity

Scenario 1 (no demand effects)
H = 2 6.49% 3.63% 0.03%

7.15%
H = 4 5.88% 3.22% 0.03%

Scenario 2 (with demand effects)
H = 2 7.25% 4.29% 0.07%
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H = 4 7.44% 4.33% 0.09%
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Impact of classification costs

4 – 8 June 2018, www.ica2018.org 16

 Number of policyholders (mean)

 Ruin probability

Insurer B: Full risk classification ( = 0.5)

H = 2 H = 4

Scenario 2 (with demand effects)

b = 0.10 886 725

b = 1.00 869 641

b = 2.00 848 540

D̂D


Insurer B: Full risk classification ( = 0.5)

H = 2 H = 4

Scenario 2 (with demand effects)

b = 0.10 4.29% 4.33%

b = 1.00 1.61% 0.65%

b = 2.00 0.53% 0.11%
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Impact of demand effects
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 Number of policyholders (mean)

 Ruin probability

Insurer B: Full risk classification (H = 4)

Scenario 2 (with demand effects)

s = 0.10 622 606 204

s = 0.25 722 725 428

s = 0.50 838 858 748
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Summary

4 – 8 June 2018, www.ica2018.org 18

 Aim: Analyze impact of risk classification in pensions considering
• Individual mortality risk
• Surplus distribution
• Tradeoff between underwriting costs (demand effects) and 

underwriting quality

 Overall results shows: Risk classification can be worthwhile in various 
dimensions (ruin probability, creating customer value) if an insurer 
can ensure a sufficiently high underwriting quality and efficiency and 
if adverse selection effects remain limited
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