www.lCA2014.0rg

LEARN
INTERACT
GROW

On improving pension product design

Agnieszka K. Konicz? and John M. Mulveyb

@ Technical University of Denmark b Princeton University
DTU Management Engineering Department of Operations Research
Management Science and Financial Engineering

Bendheim Center for Finance

agko@dtu.dk mulvey@princeton.edu



Operations Research and Financial Engineering

» Large scale-optimization models and algorithms to assist
the companies in making high-level decisions

» Airport Operations Management, Maritime Optimization,
Railway Optimization, Timetabling
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Operations Research and Financial Engineering

» Large scale-optimization models and algorithms to assist
the companies in making high-level decisions

» Airport Operations Management, Maritime Optimization,
Railway Optimization, Timetabling

* Financial applications:
» Risk Management and ALM, along with institutional
constraints as well as uncertain cash flows, disbursements
_and taxes
» Individual ALM - personal financial planning, savings
management in DC pension plan
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On improving pension product design

* Focus on DC pension plans (labor market pension and
individual pension plans) as they are:

»quickly expanding,
»easier and cheaper to administer,

»more transparent and flexible so they can capture individuals’
needs.

e However,

~if too much flexibility (e.g. U.S.), the participants do not know
how to manage their savings,

~if too little flexibility (e.g. Denmark), the product is generic
and does not capture the individuals’ needs.

ICA[2014[CIA A. K. Konicz and J. M. Mulvey



What do we improve?

» Common questions regarding management of pension
savings:
»How to invest the savings?
»How to spend the savings?
»How much savings to leave to the heirs?

* Three main decisions:
» Investment strategy

» Payout profile
e duration of the payments (lump sum, 10-25 years, or life long)
e payout curve (constant, increasing, or decreasing)
* level of payments

» Level of death benefit
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Economical and personal characteristics

* Pension savings management is individual and should
capture the individual’s characteristics:

- Economical:

v Current wealth v Expected state
v'Pension contributions retirement pension
(mandatory and
voluntary)
« Personal:
v'Risk aversion v Bequest motive
v Lifetime expectancy v Preferences on portfolio
v Preferable payout profile composition
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Economical and personal characteristics

* Pension savings management is individual and should
capture the individual’s characteristics:

- Economical:

v Current wealth v Expected state
v'Pension contributions retirement pension
(mandatory and
voluntary)
« Personal:
v'Risk aversion v Bequest motive
v Lifetime expectancy v Preferences on portfolio
v Preferable payout profile composition

Pension savings management should also be optimal for

W'%e given individual.
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Multi-stage Stochastic Programming (MSP)

» Optimization software — numerical solution

v"General purpose decision
model with an objective
function that can take
a variety of forms

v"Can address realistic
considerations, such as
transactions costs,
surrender charges, taxes

v'Can deal with details
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Multi-stage Stochastic Programming (MSP)

» Optimization software — numerical solution

v"General purpose decision
model with an objective
function that can take
a variety of forms

v"Can address realistic
considerations, such as
transactions costs,
surrender charges, taxes

v'Can deal with details
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x Problem size grows quickly as a
function of number of periods
and scenarios

x Challenge to select a
representative set of scenarios
for the model

x May be difficult to understand
the solution
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MSP - Scenario tree
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MSP - Scenario tree
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MSP formulation

CRRA utility function:
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Variables:

risk aversion,

impatience factor,

retirement time,

end of decision horizon, and
beginning of the period
modelled by SOC,

probability of being in node n,
weight on bequest motive,
individual’s expectations about

survival and death
probabilities

total benefits at time t, node n

bequest at time t, node n
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MSP formulation

CRRA utility function:

u(t, B, n) =

maximize:
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Variables:

risk aversion,
impatience factor,
retirement time,

end of decision horizon, and
beginning of the perlod
modelled by SOC,

probability of being in node n,
weight on bequest motive,

individual’s expectations about
survival and death
probabilities

total benefits at time t, node n

bequest at time t, node n

amount allocated to asset i,
period t, node n

end effect;

optimal value function
calculated explicitly using SOC
approach
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MSP formulation

CRRA utility function: Parameters:
11—+~ risk aversion,
—pt -? . .
u(t, Bt n) = E‘ B P impatience factor,
Tr retirement time,
.. T end of decision horizon, and
maximize: beginning of the perlod
T_1 - modelled by SOC,
Z Z sﬁyu (5; Bgoﬁ,) ) DFObn probn probability of being in node n,
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V() end effect;

optimal value function

subject to constraints:

(See p..9-10 in the paper for the complete set of constraints)
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calculated explicitly using SOC
approach
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Optimal annuity payments and death sum
» Generalize Merton (1969, 1971) and Richard (1975) results:

» Whole life annuity

» The level of payments is proportional to the value of savings and to
the present value of expected state retirement pension, and is

defined by the optimal withdrawal rate that depends on the personal
preferences and market parameters

» The level of death sum is proportional to the level of payments

age 65 70 75 80 85 90

constant benefits, y=-4, p=0.119 6,2% 6,8% 7,5% 8,5% 9,8% 11,4%
decreasing benefits, y=-4, p=0.04 6,7% 7,2% 8,0% 8,9% 10,2% 11,7%
increasing benefits, y=-4, p=0.15 51% 5,7% 6,5% 7,6% 8,9% 10,6%
constant benefits, y=-2, p=0.132 8,1% 8,6% 9,3% 10,2% 11,3% 12,7%

Optimal withdrawal rates given optimal investment strategy
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Optimal annuity payments and death sum

» Generalize Merton (1969, 1971) and Richard (1975) results:

» Whole life annuity

» The level of payments is proportional to the value of savings and to
the present value of expected state retirement pension, and is
defined by the optimal withdrawal rate that depends on the personal
preferences and market parameters

» The level of death sum is proportional to the level of payments

Optimal benefits, B:. given optimal investment and n=v,
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Optimal investment

» Generalize Merton (1969,
1971) and Richard (1975)
results:

» Equity-linked annuity

» Optimal investment strategy
depends on the value of
savings, present value of
expected state retirement
pension, market parameters,
and risk aversion

e A combination of MSP and SOC
approaches ensures realistic
solution

8
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Optimal asset allocation - SOC approach
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Other personal preferences

tot*

Optimal benefits, B

80+ | ‘ j_ e
» Possible to set upper and lower H |
bounds on variables (non-trivial e :
to solve explicitly), e.qg.: T | E .
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- . . . I 10 6‘5 6% 65 age72 T=‘75
» Limits on portfolio composition
Optimal total benefits given minimum level
of the benefits, EUR 28,000.
01
0.081
0.06+-
. The value of savings upon retirement given
0,001 additional premiums of 5% and a minimum level
of savings upon retirement of EUR 300 000.
OD 600 800 1000 1200 1400 1600 1800 2000

Savings upon retirement
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One final thought...

Operations research methods have potential to
stimulate new thinking and add to actuarial
practice.
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One final thought...

Operations research methods have potential to
stimulate new thinking and add to actuarial
practice.

Thank you

s / >
ICA[2014[CIA| A. K. Konicz and J. M. Mulvey



References

Bengen, W.P. 2004, "Determining Withdrawal Rates
Using Historical Data", Journal of Financial Planning,
vol. 17, no. 3.

Birge, J.R. & Louveaux, F. 1997, Introduction to
Stochastic Programming, Springer Series in
Operations Research and Financial Engineering.

Blake, D., Cairns, A.J.G. & Dowd, K. 2003,
"Pensionmetrics 2: stochastic pension plan design
during the distribution phase", Insurance:
Mathematics and Economics, vol. 33, no. 1, pp. 29-
47.

Carifo, D.R., Myers, D.H. & Ziemba, W.T. 1998,
"Concepts, technical issues, and uses of the Russell-
Yasuda Kasai financial planning model", Operations
research, vol. 46, no. 4, pp. 450-462.

Chen, Z. & Xu, D. 2013, "Knowledge-based scenario
tree generation methods and application in
multiperiod portfolio selection problem", Applied
Stochastic Models in Business and Industry, .

Geyer, A., Hanke, M. & Weissensteiner, A. 2009,
"Life-cycle asset allocation and consumption using
stochastic linear programming", The Journal of
Computational Finance, vol. 12, no. 4, pp. 29-50.

Guillén, M., Konicz, A.K., Nielsen, J.P. & Pérez-
Marin, A.M. 2013, "Do not pay for a Danish interest
guarantee. The law of the triple blow", Annals of
Actuarial Science, vol. 7, no. 02, pp. 192-209.

ICA[2014[CIA

Horneff, W.]., Maurer, R.H., Mitchell, O.S. & Dus, I.
2008, "Following the rules: Integrating asset
allocation and annuitization in retirement
portfolios", Insurance Mathematics and Economics,
vol. 42, no. 1, pp. 396-408.

Hgyland, K. & Wallace, S.W. 2001, "Generating
scenario trees for multistage decision problems",
Management Science, vol. 47, no. 2, pp. 295-307.

Ji, X., Zhu, S., Wang, S. & Zhang, S. 2005, "A
stochastic linear goal programming approach to
multistage portfolio management based on scenario
generation via linear programming", IIE
Transactions (Institute of Industrial Engineers), vol.
37, no. 10, pp. 957-969.

Kim, W.C., Mulvey, ].M., Simsek, K.D. & Kim, M.J.
2012, "Papers in finance: Longevity risk
management for individual investors" in Stochastic
programming. Applications in finance, energy,
planning and logistics., eds. Gassmann H. I. & W.T.
Ziemba, World Scientific Series in Finance, New
Jersey, pp. 9-41.

Konicz, A.K. & Mulvey, J.M. 2013, "Applying a
Stochastic Financial Planning System to an
Individual: Immediate or Deferred Life Annuities?",
The Journal of Retirement, vol. 1, no. 2, pp. 46-60.
Konicz, A.K., Pisinger, D., Rasmussen, K.M. &
Steffensen, M. 2013, A combined stochastic
programming and optimal control approach to
personal finance and pensions.

A. K. Konicz and J. M. Mulvey



References cont’d.

ICA|2014|CIA]

Kraft, H. & Steffensen, M. 2008, "Optimal
consumption and insurance: A continuous-time
Markov chain approach", ASTIN Bulletin, vol. 38,
no. 1, pp. 231-257.

Merton, R.C. 1971, "Optimum consumption and
portfolio rules in a continuous-time model", Journal
of Economic Theory, vol. 3, no. 4, pp. 373-413.

Merton, R.C. 1969, "Lifetime portfolio selection
under uncertainty: the continuous-time case", The
review of economics and statistics, vol. 51, no. 3,
pp. 247-257.

Milevsky, M.A. & Huang, H. 2011, "Spending
Retirement on Planet Vulcan: The Impact of
Longevity Risk Aversion on Optimal Withdrawal
Rates", Financial Analysts Journal, vol. 67, no. 2,
pp. 45-58.

Mulvey, J.M., Simsek, K.D. & Pauling, B. 2003, "A
stochastic network approach for integrating pension
and corporate financial planning" in Innovations in
financial and economic networks, ed. A. Nagurney,
Edward Elgar Publishing, Cheltenham, UK, pp. 67-
83.

Mulvey, J.M., Simsek, K.D., Zhang, Z., Fabozzi, F.J.
& Pauling, W.R. 2008, "Assisting defined-benefit
pension plans", Operations research, vol. 56, no. 5,
pp. 1066-1078.

Richard, S.F. 1975, "Optimal consumption, portfolio
and life insurance rules for an uncertain lived
individual in a continuous time model", Journal of
Financial Economics, vol. 2, no. 2, pp. 187-203.

Rocha, R., Vittas, D. & Rudolph, H.P. 2010,
"Denmark. The Benefits of Group Contracts with
Deferred Annuities and Risk-Sharing Features" in
Annuities and Other Retirement Products: Designing
the Payout Phase The World Bank.

Samuelson, P.A. 1969, "Lifetime Portfolio Selection
By Dynamic Stochastic Programming", The review
of economics and statistics, vol. 51, no. 3, pp. pp.
239-246.

Shapiro, A., Dentcheva, D. & Ruszczynski, A. 2009,
Lectures on Stochastic Programming: modeling and
theory, The Society for Industrial and Applied
Mathematics and The Mathematical Programming
Society, Philadelphia, USA.

Xu, D., Chen, Z. & Yang, L. 2012, "Scenario tree
generation approaches using K-means and LP
moment matching methods", Journal of
Computational and Applied Mathematics, vol. 236,
no. 17, pp. 4561-4579.

Yaari, M.E. 1965, "Uncertain Lifetime, Life
Insurance, and the Theory of the Consumer", The
Review of Economic Studies, vol. 32, no. 2, pp. pp.
137-150.

Zenios, S.A. 2007, Practical Financial Optimization:
Decision Making for Financial Engineers, Blackwell
Pub., Malden, MA; Oxford.

Ziemba, W. T. and Mulvey, J. M. 1998, Worldwide
Asset and Liability Modeling, Cambridge University
Press.

Photos from Shutterstock, and Maersk.com.

A. K. Konicz and J. M. Mulvey



