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Introduction

Analyzes retirement and annuitization timing decis of
DC pension plan members.

Two broad pension plan types:

defined benefit plan (DB)
defined contribution plan (DC)

The recent trend to shift from DB to DC pensioans

more interesting to study the retirement decision of DC pension
plan participants.

(DC plan) Freedom in choosing annuitization timing



Structure of the paper

 Set up a retirement decision model and developraadrd
looking retirement likelihood measure from this rabd

the probability that an individual will retire within the nexivfe
years.

e Test the model with the English Longitudinal Study
Ageing (ELSA) data.

Two waves of interviews
Wave 1: 2002
Wave 2: 2004

Out of sample prediction

probabilities of retiring by wave 2 interviews agealuated based
on the information available at wave 1 interviews



The Main Results

« Model fit

The sample is first divided by age groups and thgn
wealth groups.

Age groups
o High correlations with the actual retirement ratio
o low Mean Square Errors
Wealth groups
o The correlation with the actual retirement rasidower
o0 The correlation with the in-sample Probit modeddction is
high
o Low Mean Square Errors

* In reality at least some individuals recognize Viakie of the
freedom in choosing the annuitization time and tak@ato
account when making their retirement decisions.



Literature Review

Retirement incentives of DB pension plan partiniga
Stock and Wise (1990)

Optimal Annuitization Timing
Milevsky and Young (2002) (2007)

Differences between impacts of DB and DC pensi@amgon
the retirement decision and pension income.

Samwick and Skinner (1998) (2004)

The interactions among wealth, investment strate@nd the
retirement decision

Gustman and Steinmeier (2002) and Coronado and Perozek (2003)

Extends the option value model of Stock and Wi€90) to the
DC plan participants' retirement decision



The Time Line of the Model

Full-time Working

He can annuitize at time 1,2,...T
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| he retires at time 1 He can annuitize at time 3,...T

If he retires at time 3



The Objective Function (1)

The objective is to find the optimal retiremenhd, -, that
maximizes the expected utility of retirement atdith

The utility function of retirement is closely ré&dal to Stock and
Wise (1990, Econometrica).

Labor income, preference for leisure, pension income, subjective
discount factor and mortality rate

Pension Income: income from DC, current and pastdbB State
Pension

As in Stock and Wise (1990), the parameter whiaptures
leisure preference has two specifications.

In the first specification, age-independent
In the second specification, age-dependent

a convex function of current age



The Objective Function (2)

Once the individual retires, he obtains the righexercise his
annuitization option.

The optimal annuitization stopping timingz, with values in
(r,T).

The objective is to find the optimal retiremennhdi, a, that
maximizes the expected utility of retirement atdim



DC Wealth and The Financial Market

Before annuitization, percent of the DC wealth is invested in
a stock index and (1 - percent of the DC wealth is invested

In government bonds.
The dynamics of the interest rate and stock price

drt ¢ T ry dt rdZ 14
dS I't s s xdt sxdZot,

r, & ¢dareconstants and dZ,; and dZ,; are standard Brownian Motions.

The price of a zero—coupon bond with h years ttunts

B, eah bhn

a(h) and b(h) are constants.



The Solution

« The decision to retire is actually a decision to exerciserapound
real option optimally.

Once the individual retires, he gets the option to annuitize his
pension wealth.

The optimal retirement decision depends on the expected outcome
of the annuitization option.

 There are two steps to find the optimal retirement stopping tim

First, for each of the retirement stopping time, finding an optimal
annuitization stopping timing and therefore the optimal amount of
pension wealth.

Second, find the optimal retirement timing.

« The Least Square Monte Carlo (LSM) valuation algorithm developed
by Longstaff and Schwartz (2001) is adopted to solve the problem.
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Data

 English Longitudinal Study of Ageing (ELSA)

ELSA is a biannual panel survey among those aged 50 and over (and
their younger partners) living in private households in England.

There are 12,100 individuals interviewed in wave 1.
The sample consists of 518 individuals.

 The financial market data
The UK 3-month Treasury Bill rate, UK10-Year Government Bond
yield and the FTSE All Share Index.

The financial data is obtained from the Datastremwering the period
from Jan. 1984 to Dec. 2002 on quarterly basis.



The Estimated Retirement Probabillity (1)

| use the information available at wave 1 intemse(the end of

2002) to compute the probability that the individwall retire
before the wave 2 interviews (the end of 2004).

Predicted Retirement Probability
Actual PpROpionodd
Percentage of
Retirement

Leisure Preference Leisure Preference
Age Independent  Age Dependent

Whole Sample 5.60% 3.91% 3.29%
Subsample 1: 100.00% 11.93% 19.64%
Retired

Subsample 2: Not 0.00% 3.44% 2.32%
Retired
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he Estimated Retirement Probability (2)

»  Probit Analysis of PR3P ™%
Leisure Parameter Leisure Parameter
Age Independent Age Dependent
Constant —1.6406 —1.6930"
OptionModd * *
PR,%, 0.8123 1.4361
Marginal Effect 0.0881 0.1501
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The Model Fit (1)

 The sample is first divided by age groups and then
by wealth groups.

 The Option Model predictions is compared with
theactual retirement raticand
thein-sample predictions from a Probit regression

age, gender, education and DC wealth are explanatory
variables
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The Model Fit (2)

Comparison Probit Regression

Coefficients

Constant

Age

Gender

High Education
Low Education
DC Wealth/100C

Gross Income/100

—11.096¢
0.164:
0.530:

— 0.508¢
0.072¢
0.002

— 0.002:

*k%k

*%

*%
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The Model Fit (3)

Actual and Predicted Retirement Ratio By Age Groups

Actual and Predicted Retirement Ratio By Age Groups
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The Model Fit (4)

Actual and Predicted Retirement Ratio By Age Groups

Option Model Predictions

Probit Model
Predictions Leisure Parameter Leisure Parameter
Age Independent Age Dependent
Corr. Coef
with Actual 0.94 0.92 0.96
Percentage of
Retirement
Corr. Coef
with Probit
Model 0.92 0.94
Predictions
Mean Square 0.00 0.01 0.00

Error
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The Model Fit (5)

Actual and Predicted Retirement Ratio By Wealthupso
Actual and Predicted Retirement Ratio By Wealthupso
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The Model Fit (6)

Actual and Predicted Retirement Ratio By Wealthupso

Option Model Predictions

Probit Model
Predictions Leisure Parameter Leisure Parameter
Age Independent Age Dependent
Corr. Coef with
Actual 0.78 0.48 0.67
Percentage of
Retirement
Corr. Coef with
Probit Model 0.85 0.97
Predictions
Mean Square 0.00 0.02 0.00

Error
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Summaries and Conclusions

This paper analyzed the retirement and annuitiratiiming
decisions of DC pension plan members.

A retirement decision model is developed.

Based on the theoretical model, a retirement ihkeld is
developed which describes the probability that radividual will
retire within the next few years.

The model is tested with the ELSA data.

The results suggest that in reality at least sandividuals
recognize the value of the freedom in choosingaheuitization
time and take it into account when making theirireatent
decisions.
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