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BACKGROUND — TREND

DB Plan




BACKGROUND — RISK SHARING

* Between employers and employees

* Across different generations:
 Different age groups have different risk profiles

° e ; Employees in
Employer -_ @ different age
PY @ groups
- -

* Benefits of risk sharing discussed in Bovenberg et al.
(2007), Gollier (2008), Blommestein et al. (2009), Cui et
al. (2011)




BACKGROUND — TARGET BENEFIT

PLAN

Target Benefit: e.g. 1% of Final Average Earnings * Service

Contribution: e.g. 15% of salary

® Target o 0 ©
- S Benefit $ M i -

Employer e Plan g Employees

Contribute $SS Benefit

* Affordability test
* Triggers and actions




BACKGROUND — TARGET BENEFIT PLAN

At each valuation point:

- Affordability test: whether the target benefit is affordable

. Assets
 Funded ratio = ———
Liabilities

- Triggers: whether we should take action

- Immediate action: e.g. funded ratio # 100%

- Delayed action: e.g. funded ratio corridor { Upper Eoung: 110%
Lower bound: 90%

* Actions: what adjustment to make
* Benefits (past and/or future accruals)
* Contributions
* Investment strategy



SANDERS (2016)

Distribution of benefit adjustments by size
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OUR OBJECTIVE

= Use value-based ALM approach
= Hoevenaars and Ponds (2007)
= Soer (2012)

= Lekniute, Beetsma, and Ponds (2014)

= Quantify value transfer when moving between designs



SHINNY APP

» https://retirement.shinyapps.io/new app/



https://retirement.shinyapps.io/new_app/

DEMOGRAPHIC MODEL

Entry age: 30

Retirement age: 65
Age at death: 85

Stationary population: 100 people at each age at all times

Past service is recognized at plan inception

The pension fund is assumed to be liquidated after 25 years



ASSET MODEL: VAR(1)

Z;,1 =V+ Bz, + Xg;.q4 where &,,~N(0,I)

State variables:

 1-month T-bill yield

e 15-year zero coupon bond yield

* Inflation rate

e TSX stock return in excess of the 1-month T-bill rate
* Dividend yield



T-bill vield

Inflation rate

Dividend “ield

MODEL AND ASSUMPTIONS
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SIMULATION STUDY
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SIMULATION STUDY
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SIMULATION STUDY
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VALUE-BASED ALM ANALYSIS
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STOCHASTIC DISCOUNT FACTOR

Pricing kernel based on Ang and Piazzesi (2003) as in Hoevenaars and
Ponds (2007)

M, - e—(50+61zt+%,1;z’z/1t+/1;z £101)

One period stochastic discount factor



STOCHASTIC DISCOUNT FACTOR

Pricing kernel based on Ang and Piazzesi (2003) as in Hoevenaars and
Ponds (2007)

—(80+812+g M E EMAALE £141)
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Short rate

M:q=e



STOCHASTIC DISCOUNT FACTOR

Pricing kernel based on Ang and Piazzesi (2003) as in Hoevenaars and
Ponds (2007)

—(80+812+g M E EMAALE £141)

\ )
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M:q=e

Time varying market risk premium



STOCHASTIC DISCOUNT FACTOR

Pricing kernel based on Ang and Piazzesi (2003) as in Hoevenaars and

Ponds (2007)

M:q=e

—(80+812+g M E EMAALE £141)

}

|

Time varying market risk premium

At = AO + Alzt




STOCHASTIC DISCOUNT FACTOR

Pricing kernel based on Ang and Piazzesi (2003) as in Hoevenaars and
Ponds (2007)

M, - e—(50+61zt+%,1;z’z/1t+/1;z £101)

Economic Value of P,

VelPeii] = E¢[My i Peri], where My = MeyiMeys o Meyy



VALUE-BASED ALM ANALYSIS
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SHINY APP

» https://retirement.shinyapps.io/new app/



https://retirement.shinyapps.io/new_app/

CONCLUSION

= Calibrated simple asset model based on Canadian market
data

= Modeled operation of Canadian target benefit plan designs

= Applied value-based ALM method developed by
Hoevenaars and Ponds (2007)

= Created Shiny app to demonstrate value shift between
generations of plan members

- App can help plan actuaries to visualize and
understand the impact of each design element



FUTURE WORK

- Asset model (Lekniute et al. (2014))

- More options for affordability test, triggers and actions

(Sanders (2006))

- Separate surplus and deficit options (Kocken (2008) and

Soer (2012))
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QUESTIONS?

Thank you!



SUMMARY STATISTICS
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VAR ESTIMATE (B)
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RISK PREMIA (£49, ZA4)
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SIMULATION STUDY

Simple plan design to study

t=0 t=1
\ | >
FO F1 [ Target Accrual rate ]
Fy: Initial [Target Accrued Liability ] [ Valuation rate ]
gl;??nitial FR = F; [ Valuation method ]
Benefit TAL,
Cy: Initial Contribution
[Triggers and Actions ]

Fy: (Fy + (Co — BO)) * (1 + Asset Return) ¥

C,,B;



HOW DOES M WORK

M(s)
E(M)

Risk-Neutral distribution:  7*(s) =

m(s)

1
Risk-Neutral pricing:  P(x) = ﬁZn*(s)x(s)

If M(s) = E(M) in all scenario => risk free

1 1
77 —In*(s)x(s) = —Zn(s)x(s)

If m(s) # E(m)

le X (s)x(s) < iZn(s)x(s)



