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Employees in 
different age 

groups
Employer

risks

• Between employers and employees

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

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

• Affordability test
• Triggers and actions

Target 
Benefit 

Plan
$$$Contribute Benefit

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

Contribution: e.g. 15% of salary
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At each valuation point:

• Affordability test: whether the target benefit is affordable

• Funded ratio =  
𝐴𝑠𝑠𝑒𝑡𝑠

𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

• Triggers: whether we should take action

• Immediate action: e.g. funded ratio ≠ 100%

• Delayed action: e.g. funded ratio corridor Upper bound: 110%
Lower bound: 90%

• Actions: what adjustment to make
• Benefits (past and/or future accruals)
• Contributions
• Investment strategy
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Without “Corridor” With “Corridor” (90%-110%)

Distribution of benefit adjustments by size



▪ Use value-based ALM approach

▪ Hoevenaars and Ponds (2007)

▪ Soer (2012)

▪ Lekniute, Beetsma, and Ponds (2014)

▪ Quantify value transfer when moving between designs
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▪ https://retirement.shinyapps.io/new_app/
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https://retirement.shinyapps.io/new_app/


• 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
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𝒛𝒕+𝟏 = 𝒗 + 𝑩𝒛𝒕 + 𝜮𝜺𝒕+𝟏 where  𝜀𝑡+1~𝑁 0, 𝐼

State variables:
• 1-month T-bill yield
• 15-year zero coupon bond yield
• Inflation rate
• TSX stock return in excess of the 1-month T-bill rate
• Dividend yield
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Age\t 0 1 … 20 21 … 23 24 25

6 0 0 … 0 0 … 0 -C24,30 R6

7 0 0 … 0 0 … -C23,30 -C24,31 R7

… … … … … … … … … …

30 -C0,30 -C1,31 … -C20,50 -C21,51 … -C23,53 -C24,54 R30

… … … … … … … … … …

64 -C0,64 B1,65 … B20,84 B21,85 … 0 0 0

65 B0,65 B1,66 … B20,85 0 … 0 0 0

… … … … … … … … … …

85 B0,85 0 … 0 0 … 0 0 0
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𝑴𝒕+𝟏 = 𝒆−(𝜹𝟎+𝜹𝟏𝒛𝒕+
𝟏
𝟐
𝝀𝒕
′𝜮′𝜮𝝀𝒕+𝝀𝒕

′𝜮 𝜺𝒕+𝟏)

Pricing kernel based on Ang and Piazzesi (2003) as in Hoevenaars and 
Ponds (2007)
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One period stochastic discount factor 



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

20

Short rate

𝑴𝒕+𝟏 = 𝒆−(𝜹𝟎+𝜹𝟏𝒛𝒕+
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𝝀𝒕
′𝜮′𝜮𝝀𝒕+𝝀𝒕
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Pricing kernel based on Ang and Piazzesi (2003) as in Hoevenaars and 
Ponds (2007)
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Time varying market risk premium

𝑴𝒕+𝟏 = 𝒆−(𝜹𝟎+𝜹𝟏𝒛𝒕+
𝟏
𝟐
𝝀𝒕
′𝜮′𝜮𝝀𝒕+𝝀𝒕

′𝜮 𝜺𝒕+𝟏)



Pricing kernel based on Ang and Piazzesi (2003) as in Hoevenaars and 
Ponds (2007)
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Time varying market risk premium

𝜆𝑡 = 𝜆0 + Λ1𝑧𝑡

𝑴𝒕+𝟏 = 𝒆−(𝜹𝟎+𝜹𝟏𝒛𝒕+
𝟏
𝟐
𝝀𝒕
′𝜮′𝜮𝝀𝒕+𝝀𝒕

′𝜮 𝜺𝒕+𝟏)



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

𝑉𝑡 𝑃𝑡+𝑘 = 𝐸𝑡[𝑀𝑡+𝑘
∗ 𝑃𝑡+𝑘], where 𝑀𝑡+𝑘

∗ = 𝑀𝑡+1𝑀𝑡+2…𝑀𝑡+𝑘

Economic Value of 𝑷𝒕+𝒌

23

𝑴𝒕+𝟏 = 𝒆−(𝜹𝟎+𝜹𝟏𝒛𝒕+
𝟏
𝟐
𝝀𝒕
′𝜮′𝜮𝝀𝒕+𝝀𝒕

′𝜮 𝜺𝒕+𝟏)



Age\t 0 1 … 20 21 … 23 24 25

6 0 0 … 0 0 … 0 -C24,30 R6

7 0 0 … 0 0 … -C23,30 -C24,31 R7

… … … … … … … … … …

30 -C0,30 -C1,31 … -C20,50 -C21,51 … -C23,53 -C24,54 R30

… … … … … … … … … …

64 -C0,64 B1,65 … B20,84 B21,85 … 0 0 0

65 B0,65 B1,66 … B20,85 0 … 0 0 0

… … … … … … … … … …

85 B0,85 0 … 0 0 … 0 0 0

V6

V7

…

V30

…

V64

V65

…

V85

M

24

𝑉𝑥 = 𝐸(𝐶𝐹𝑥,0 + σ𝑡=1
𝑟+𝑙−𝑒−1𝑀𝑡

∗ ∗ 𝐶𝐹𝑥,𝑡)
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▪ https://retirement.shinyapps.io/new_app/

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


▪ 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
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• 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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Thank you!
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𝒙𝒕 𝒚𝒕
𝟏𝟖𝟎 𝒊𝒏𝒇𝒕 𝒔𝒕 𝒅𝒊𝒗𝒕

𝜇 0.0025 0.0044 0.0015 0.0021 0.0019

𝜎 0.0017 0.0018 0.0034 0.0421 0.0005
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𝒚𝒕
𝟏 𝒚𝒕

𝟏𝟖𝟎 𝒊𝒏𝒇𝒕 𝒔𝒕 𝒅𝒊𝒗𝒕 𝑹𝟐

𝒚𝒕+𝟏
𝟏 0.9517

(0)
0.0215
(0.1982)

-0.0019
(0.6870)

-0.0003
(0.4903)

-0.0789
(0.0122)

0.9728

𝒚𝒕+𝟏
𝟏𝟖𝟎 0.0185

(0.116)
0.9761
(0)

0.0005
(0.868)

-0.0003
(0.243)

-0.0050
(0.809)

0.9892

𝒊𝒏𝒇𝒕+𝟏 0.0976
(0.6387)

-0.1509
(0.4422)

0.1659
(0.0037)

0.0106
(0.0195)

-0.5451
(0.1395)

0.0413

𝒔𝒕+𝟏 -2.2977
(0.3838)

1.9292
(0.4383)

-0.3387
(0.6379)

0.1617
(0.0052)

1.0039
(0.8299)

0.015

𝒅𝒊𝒗𝒕+𝟏 0.0029
(0.2779)

-0.0086
(0.0011)

-0.0010
(0.1842)

-0.0017
(0)

0.9782
(0)

0.9934
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𝒚𝒕
𝟏 𝒚𝒕

𝟏𝟖𝟎 𝒊𝒏𝒇𝒕 𝒔𝒕 𝒅𝒊𝒗𝒕

0.0018 0.00007 0.00269 -0.00230 0.00007
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𝒚𝒕
𝟏 𝒚𝒕

𝟏𝟖𝟎 𝒊𝒏𝒇𝒕 𝒔𝒕 𝒅𝒊𝒗𝒕

𝒚𝒕
𝟏 0.00028

𝒚𝒕
𝟏𝟖𝟎 0.00002 0.00018

𝒊𝒏𝒇𝒕 0.00031 0.00037 0.00326

𝒔𝒕 -0.00006 0.00389 -0.00089 0.0415

𝒅𝒊𝒗𝒕 0 0 0 0 0.00004

34



𝒚𝟏 𝒚𝟏𝟖𝟎 𝒊𝒏𝒇 𝒔 𝒅𝒊𝒗 𝚺𝝀𝟎

𝒚𝟏 -0.0010 -0.0299 -0.0021 0.0002 -0.00421 0.00015

𝒚𝟏𝟖𝟎 0.0222 -0.0250 0.00042 0 -0.0043 0.00004

𝒊𝒏𝒇 0 0 0 0 0 0

𝒔 -2.2977 1.9291 -0.3387 -0.1616 1.0039 -0.00229

𝒅𝒊𝒗 0 0 0 0 0 0
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Simple plan design to study

F1
Target Accrual rate

Valuation rate

Valuation method
𝐹𝑅 =

𝐹1
𝑇𝐴𝐿1

t=0

F0

t=1

𝐹0: Initial 
Fund

𝐹1: 𝐹0 + 𝐶0 − 𝐵0 ∗ (1 + 𝐴𝑠𝑠𝑒𝑡 𝑅𝑒𝑡𝑢𝑟𝑛)

𝐵0: Initial 
Benefit
𝐶0: Initial Contribution

Target Accrued Liability

Triggers and Actions

C1 , B1 
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𝜋∗ 𝑠 =
𝑀 𝑠

𝐸 𝑀
𝜋(𝑠)

𝑃 𝑥 =
1

𝑅𝑓
Σ𝜋∗ 𝑠 𝑥(𝑠)

1

𝑅𝑓
Σ𝜋∗ 𝑠 𝑥(𝑠) =

1

𝑅𝑓
Σ𝜋 𝑠 𝑥(𝑠)

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

If m(s) ≠ E(m)

1

𝑅𝑓
Σ𝜋∗ 𝑠 𝑥 𝑠 <

1

𝑅𝑓
Σ𝜋 𝑠 𝑥(𝑠)

Risk-Neutral distribution:

Risk-Neutral pricing:


