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Suboptimality of Immediate Annuitization in Private
Pension Schemes*

Jan SEB® - Lubica SEBOVA*

Abstract

Immediate annuitisation as a strategy for a welfar@ximization for
a payout phase in private pension schemes haswieety criticized. We exam-
ine the self-annuitisation strategies under twdedént consumption rates using
programmed withdrawal compared to the immediateuitiration for a retired
individual subject to uncertain portfolio returnsiéh longevity risk. The aim is
to examine the utility of both approaches under ékistence of longevity risk
on one side and bequest on the other. Results saua as a basis for further
discussion on improving the legislature on pay-oliase in Slovak private DC
pension pillar.

Keywords: annuity, programmed withdrawal, private DC pensigriprmation
asymmetry

JEL Classification: D14, D81, E21, G18, G23

Introduction

Introduction of private defined contribution (D@gnsion schemes in general
means shifting the financial risk onto individuaviously, financial risks can be
split into two parts: investment risk occurring esially during the accumulation
phase and annuity risk occurring at the momentetfament. The investment
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risk can be described as a probability that lowwantexpected investment returns
from the financial market in the accumulation phask lead to a lower than
expected accumulated wealth at retirement, leatdidgwer than expected pen-
sion income. The annuity risk on the other handlmamefined as a probability
of lower than expected yields rates at retirementycing a higher than ex-
pected price of the annuity, leading to lower te&pected pension income.

When discussing design of private DC schemes payloase, the key point
of the debate is the selection of suitable prodimtsetirees. The second logical
step is the decision on the retirement strategyctwhn general means decision
on the combination of various products during tbérement. If the immediate
annuitization is the predefined option, annuitk resnerges. Buying annuity at
any time is viewed as a sub-optimal choice. Tinohduying the annuity how-
ever requires having an alternative to financeekgenses until the annuity is
accepted. If only two different products are alldwannuity and programmed
withdrawal, than the decision starts to be moreptmated. Not only the annuity
risk emerges, but additional risk should be recogphi- risk of ruin (probability
of outliving accumulated wealth before buying amuity). Additionally, deci-
sion to postpone the annuity purchase is motiviayeithe existence of bequest.

Key research and regulatory question on definimgtimal pay-out phase
strategy for rather inexperienced retirees underatbove defined risks and be-
guest motive remains extensively discussed. Itccbel said that in many coun-
tries, actual pay-out phase set-up is far fromnoglti Our research tries to con-
tribute on this topic while applying current knoddge on self-annuitization
strategies under the legislative conditions of 8kof. pillar (1bis pillar) pay-out
phase implemented in 2014.

The paper is organized in order to present rekefanding on self-annui-
tization strategies by researchers in next chaptdtowing chapter presents the
information on Slovak 2. pillar pay-out phase regioin and thus defining the
limitations for the research methodology. Then wespnt the methodology
of our research and data for stochastic simulati@st chapter discusses find-
ings and recommendations for further researchohtleision we summarize our
findings and present potential steps for betteulegipn of pay-out options in
Slovakia.

1. Review of Literature

In a number of contributions Milevsky and Robing®894; 1997; 2000), and
Milevsky (1998), consider the ruin risk of self-astization. A self-constructed
annuity consists of investing at retirement aniahiendowment of wealth
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amongst the various asset categories (e.g. edpghds, real estate) represented
by mutual funds, earning a stochastic rate of retand withdrawing a fixed
periodic amount for consumption purposes (Albresd Maurer, 2001). The
financial risk of this strategy is that retirees aautlive their assets in the event
of long-run low investment returns connected withdevity. This is in contrast
to purchasing a life annuity, which is an insurapoeduct that pays-out a life-
long income stream to the retiree in exchange foked premium charge. As
Mitchell et al. (1999) pointed out; the main chaesistic of the life annuity is
that it protects retirees against the risk of urfdading in retirement by pooling
mortality experience across the group of annuitscipasers. The particular ad-
vantage of the self annuitization strategy compdredhe life annuity is the
greater liquidity and the chance of leaving out mpofor their heirs in the case
of an early death, but it is at the expense of inmout of money before the
uncertain date of death (Albrecht and Maurer, 2001)

In a well-cited paper from the public economic®rkture, Yaari (1965)
proved that in the absence of bequest motives -raaddeterministic financial
economy — consumers will annuitize all of theiruld) wealth. Richard (1975)
generalized this result to a stochastic environmantl Davidoff, Brown and
Diamond (2003) demonstrates the robustness of #aai Y1965) result. In prac-
tice, there are market imperfections, and frictipmeclude full annuitization.
Similarly, Brugiavini (1993) provides theoreticaichempirical guidance on the
optimal time to annuitize under various marketctes.

As Milevsky and Young (2003) claim, comparing tirawdown option with
the purchase of an annuity at retirement, two ingmtrpoints can be observed in
literature: a retiree is given complete investnfezg@dom (instead of locking the
fund into bond-based assets, as is usual with aesuand a bequest desire can
be satisfied should the member die before buyiegatimuity (because in case of
death the fund remains part of the individual’ st

Problem of sub-optimality of immediate annuitipatihas been studied by Di
Giacinto and Vigna (2012). Their preliminary corsgtn suggests, that because
of four key factors cannot be controlled (as someliaked to the financial mar-
ket, some to mortality conditions, and some to quasibpreferences) it is evident
that a pension system that imposes compulsory irnatednnuitization to the
whole universe of retirees is bound to be sub-agti@learly, giving more flex-
ibility to the decision maker has the effect ofrgasing her individual utility,
and this holds in every context.

However, here they stated that, even if immedgeuitization might turn
out to be optimal for the single retiree, it canhetoptimal for the universe of
retirees in its globality.
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Gerrard, Haberman and Vigna (2004) have dealt thighproblem of manag-
ing the financial resources of a retiree aftereatient, also due to the fact that
life annuities are felt by policyholders as ,poalue for money* and have in-
vestigated other alternatives given to a retireetaitement. In fact, retiree from
a DC schemes takes the income drawdown optionerhtipe of doing better
than buying an annuity at retirement. Thereforepakes sense for them to have
the wish of being able to buy a better annuity @egain point of time after
retirement than the annuity they would have puretidsad they bought it at
retirement. The option is thus taken with the finah of buying a reasonably
high pension and if the size of the fund allows plechase of the high pension
before the compulsory age the individual shoulg steesting the fund and lock
it into an annuity. Therefore the existence of ratéi maximum bound for the
fund process would be realistic.

Milevsky and Robinson (2000) introduced the prdliigibof lifetime ruin as
a riskmetric for retirees, albeit in a static enmiment. As an extension of that
work, Young (2004) determined the optimal dynanmeesstment policy for an
individual who consumes at a specific rate, whaests in a complete financial
market, and who does not buy annuities. The insliity of annuity purchases
and their illiquidity creates a complex optimizatienvironment, which renders
many classical results inoperable.

Dus, Maurer and Mitchell (2005) conclude theireg@sh by presenting some
interesting findings. First, they found discretipnananagement of accumulated
assets with systematic phased withdrawals for gopson purposes offering
the advantages of flexibility, bequests, and pdgsilgher rates of consumption
than under a standard life annuity. However, theyficmed that phased with-
drawal plans also require the retiree to dedictitet¢o formulating asset alloca-
tion and withdrawal rules.

The personal risk of ruin from self-annuitizatistnategy is crucially dependent
on the amount periodically withdrawn from the acalated wealth (value of indi-
vidual retirement account) as well as the fundteastmcation. The choice of a risk
minimizing asset allocation with respect to a sul@ebenchmark for the amount
of withdrawal still is an open question. In our pagve choose as a benchmark
the amount generated by the single premium lifaiiyicontract itself.

A phased withdrawal strategy paying the same lteagfan annuity exposes
the retiree to the risk of outliving his assetsleistill alive. A phased withdraw-
al plan using a fixed withdrawal ratio avoids tligk rof running out of money,
since benefits fluctuate in tandem with the pendiord’s value. But the fixed
benefit withdrawal rule affords lower risk than sednie withdrawal rules, if one
uses a mortality-weighted shortfall-risk measurdewlooking at the probability
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of ruin and bequest, Dus, Maurer and Mitchell (20@bind that mandatory de-
ferred annuitization with a fixed withdrawal rularcenhance expected payouts
and cut expected shortfall risk but at the costremfuced expected bequests,
as compared to no annuity. For a variable withdrgulan, a simple deferred
annuitization may not reduce risk: rather, it regsioptimization of the with-
drawal ratio.

2. Slovak 2. Pillar Pay-out Phase Design

Legislation regulating pay-out phase in Slovalpilar private DC schemes
has been motivated predominantly by reducing timgdwity risk to zero. To
achieve such objective, the predefined optionterrmost of savers retiring from
2. pillar is a full immediate annuitization.

However, for a certain high-income cohort (roughl§% of savers), pro-
grammed withdrawal as an option is available. Tceligible for programmed
withdrawal, a retiree must prove that his retiretriaoome from PAYG pillar
and other retirement schemes is secured for thgeloty risk and at the same
time the cumulative amount of benefits paid aréhighan the old-age benefit
paid from the PAYG scheme calculated for a persah wmcome higher than
1.25 of the average wage for a full (42 years) waylcareer (equal to 561 EUR
in 2015) or that the paid benefit from the PAYQasilis higher than 4-times the
living minimum for a single person (200 EUR in 2915

A person wishing to receive benefits from 2. piils obliged to ask public
administrator (Social Insurance company) for offefsannuities from life in-
surance companies licensed by National Bank of eiav(financial sector re-
gulator). Once the offers are supplied via cergealioffering system (CIPS —
Central Information and Offering System), the ddféor various annuities and
other products (if eligible) are presented to aeeton a single page for better
comparison.

There are no limits or caps on fees applied ferifisurance companies when
calculating annuities. However, there is a legigtatimit on using unisex life-
tables and the only risk that can be used for tatiog annuities is the age. No
other individual risks (health status, occupatiete,) can be calculated. The idea
was to secure the same benefit from buying anraitpersons who are of the
same age and same accumulated wealth regardléssekgehealth status, occu-
pation, residency and other individual risk factors

First annuities from the Slovak 2. pillar privd schemes have started to
be offered on the market since January 2015. Ceaitez approach of life in-
surance companies generated average annuity matesdad.75% which were
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deemed as to low considering the life expectancy 7091 years for a 62 years
old person. This fact leaves the debate on inangabkie competition by allowing
substitutional products (especially programmed aviaival) open.

Finding the optimal self-annuitization strategy éecumulation phase based
on the mix of programmed withdrawal and momentrofuitization is the main
incentive of our contribution. Understanding theksi associated to the designing
the optimal programmed withdrawal/annuity mix, éeling parts of our paper
discuss the probability of ruin as well as the lesgumotive and the ability of an
unexperienced individual to select the best avkdlaffer at a moment the deci-
sion is being made.

3. Research Methodology

In order to investigate the optimal product mixppbgrammed withdrawal
and annuity purchase timing, several formulas figipg annuity and defining
withdrawal strategy has to be defined. Furtherpsabability of ruin as well as
value of bequest has to be estimated. The lastipaot define parameters for
technical reserves” returns (in case of annuity) iamestment portfolio (in case
of programmed withdrawal) returns.

First we have to estimate the value of monthlyudtyrbenefits §,,) for each
simulation that serves as a benchmark for progradmwithdrawal B). Let us
therefore present a simple single annuity model @wider a person of age
years. The probability that this person dies witthia next year is denoted by
g,. The probability of a complementary event, i.eatttihe person ageXiyears

will survive to age X + 1), is defined byp, =1-¢,. The one-year probabilities
of deathq, are usually known fo:xT{O, 1, 2, } , given in life tables. Gener-
ally, . p, denotes the probability that the person of Ageill survive at leask
consecutive years and is defined by (Meli¢HerSzicz and Viek, 2015):

k-1 k-1
kpx: pxpx+l"' p)ﬂ-k—lz H pxr h:u(l_ q*r)’ k:l’ 2; 31 (1)

Basic single annuity generates a monthly paymehts unit as long as the
policyholder lives (payments are made at the beggof each month). The
expected net present value of the aforementionadignpayments is denoted

by c‘i,(clz). The formula is as follows (Gerber, 1997):

4(12) - > Ak _1_3
& (Z p(L1+1) j o4 (2)

k=0k
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where
[ — the technical interest rate per annum;
&' — the net present value of an annuity of 1 unitye@r payable 12 times per year

(1/22 unit per month) until the policyholder’s deat

For defining the monthly nominal benefit from anpyurchase under the
existence of 7 year pay-off guarantee stipulate&loyak legislation on 2. pillar
annuities 4,,,), we use actuarial formula and associated comditiresented by
Szics (2015):

(1-y)P

(1+,[3)(;5'|x —§j+a+(1—£)M

(3)

where
a; B; y; ¢ — the charges (initial costs for the first yehthe contract; on-going month-
ly administration fees; one-off collection fee agdarantee payment

costs);

M — the uncertain value of 7 year guarantee patth@édbeneficiaries in case
of policyholder’s death with the first 7 years ohaity purchase;

P — the value of savings (wealth) at the end ofrgpphase.

The path of benefits payable under a programmetdvdwal rule can be
formalized as follows. Le¥/(0)be the value of the retirement assets at the be-
ginning of retirement period before the withdraviglfor each month is made.

A retiree can withdraw a certain sui,) each month from a remaining assets
using two approaches: fixed withdrawal rate sethatbeginning of retirement
using formula (4) or dynamically set each year ggormula (5). At the begin-
ning of periodt, an ex-ante specified fractiqo) set at the beginning of the re-
tirement is withdrawn from current wealth. Withdi@wate can be set as fixed,
hence the retiree receives a fixed sum of benafiedch period set at the begin-
ning of the retirement:

B = cW(0)

=15 (4)

Secondly, the withdrawal rate can be set as dyné&m)j where the sum of
benefit changes every year according to a formula:

g = QWO
12

®)

Formally, under a self-annuitization strategy, Wealth process of the retiree
using uncertain retunnfor a given period can be expressed by followigggagion:
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W, = £ (W - B) (6)
Hence, the ordinary differential equation is:
dw(t)=(rw(9- 9 dt W0)=1 @)

If the retiree enters the retirement phase withlthéV(0) equal 1, invests at
a rate ofr, and withdraw at rate, wealth increases at the expected return of
portfolio minus the withdrawal rate. The solutiam this ordinary differential
equation is:

vv(@:@-{e” ‘1} < t (®)

where
t* — the point in time at which the iteration procesaches the value of 0 (wealth
is ruined).

Additional task is to construct retirement investinstrategies based on the
allocation @) of wealth into two different pension funds (bosdd equity pen-
sion fund). Gross returns need to be adjustedhrfeée policy applied by pen-
sion funds asset managers in Slovakia. Net returra fgiven period after fees
can be expressed as follows (Me3arova, Sebo ano B2015):

s FM+FP

F T

rF = - 9)
cvPU,(1+ )
1+ F° -1
maxCVPU,_,
where
CVPU — means current value of pension unit and reptedbe market value of

1 pension fund unit;
rf(t, t +1) — net, after managemeri"{), custodian k°) and performance feeg9),

returns of pension fund in the time inter\[al t+1);

n — the number of periods (e.g. business days, mpqguarters...) per year
for which the returns are generated.

Gross daily returng) are generated using 96.5 years of daily histbdeta
on equity and bond returns in US. The data forohistl equity returns for Dow
Jones and 3 — 5 years government bonds since yat@®9 till June 2015 were
retrieved from the Federal Reserve Economic Databdase of Federal Reserve
Bank of St. Louis (FRED, 2015).
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Assuming the future returns are uncertain, we troassretirement investment
strategy for self-annuitization, and present thaults of our analysis. Defined
retirement strategies for our research are aswsllo

1. DGDF (Bond Guaranteed Pension Fund) strategy, wimebsts only in
low-risk bond pension fund) for a whole retirement perioth(...., T);

2. INDF (Index Non-Guaranteed Pension Fund) stratedpych invests only
in high-risk equity pension fund)(for a whole retirement perioth...., T);

3. EQUAL strategy, which invests equally (50:50) irttbpension funds for
a whole retirement periody(...., T);

4. DYNAMIC (dynamic portfolio management) strategy, ialh allocates
certain proportion of remaining wealth into riskyuéty pension fundl{) for the
next month based on the change of the exponent&ing average of equity
pension fund returns for a defined peri&Ars) compared to the change of the
exponential moving average of bond pension funarinst EMATr,) using follow-
ing conditional equation:

120

60
0,5if S AEMAr, > S AEMAY,
|, = 2 ->2, ® (10)

S n=1 n=1

0, otherwise

Probability of ruin is than given as a functionarfrrent time, wealthW)) at
that time, benefitR) paid from the remaining wealth and portfolio ret(). To
inspect the probability of ruin from the proposedf-annuitization retirement
investment strategies, we search for the time, whemnvealth hits the zero value
(t*).

Life expectancy of 62 years old retiree, whichimes the total timd, was
originally set using empirical life tables takerorfr Slovak Statistical Office
from 2014 at 17.91 years. However, we performegssttesting, where individ-
ual life expectancy was increased by 5%, 10% ard, ¥&spectively. Thus the
life expectancy was multiplied by 1.05, 1.1 andblahd thel was set at 21, 22
and 23 years, respectively.

Next, we present the withdrawal strategies dedjrtimee withdrawal ratec.
The first strategy is based on Milevsky (2001) préwvalue approach, where the
withdrawal rate €/') is equal to the 10 year annualized returns ofteqd and
bondr?pension fund, respectively. Thus the withdrawas fat a given year is:

¢ =rP (11)

Intuitively, setting the withdrawal rate equallémg-term return of a pension
fund allows for a smoothing of benefits and seayfor the probability of ruin.
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Second withdrawal strategy is based on the Milg\ssk2001) sustainable
retirement income (SRI) approach. Withdrawal ratbased on historical 10-year
average of annual returns®€) of a pension fund used for continuing investment
of remaining wealth (W) adjusted for volatiliof pension fund returnsdt)

n(2
calculated for the last 10 years and life expectasica retiree M) at mo-
&

ment of making the decision on withdrawal rate. Eggiation for withdrawal
rate ') is as follows:

SR =S b_5[2 + In(2) (12)
&

Each Iteration process starts with the initiaireshent wealthW(0) set at
20 000 EUR. Tables presented in the next chaptetacts statistics for respec-
tive benefits(B;) and final wealth defined as bequest for variougéwvity risks
scenarios. For each investment strategy and witarapproach, the annual
withdrawal rate (benefit ratio) can be recalculatsclrsively using formula:

¢ =122 (13)
W(0)

Introducing uncertainty of equity and bond retuwith the existence of cor-
relation among them requires presenting a stochasthod. We perform simu-
lations using historical daily data on US equityddond returns by applying
a widely used method in financial econometrics, @lsithe moving block boot-
strap. The basic idea of the block bootstrap isatlorelated to the i.i.d. nonpara-
metric bootstrap (Vogel and Shallcross, 1996). Mgwlock bootstrap is based
on drawing observations with replacement. In theclklbootstrap, instead of
relying on single observations, blocks of conseeutbservations are drawn.
This is done to capture the dependence structumeeighhbored observations.
This method allowed us to overcome the problem wéthturing close relations
among bond and equity returns during the wholeqayperiod.

It has been shown that this approach works foargel class of stationary
processes (Gilbert and Troitzsch, 2005). The blatksonsecutive observations
are drawn with replacement from a set of blocks.cBgstruction, the bootstrap
time series has a nonstationary (conditional) ithistion. The moving blocks
bootstrap is a simple resampling algorithm, whielm ceplace the parametric
time series models, avoiding model selection arg m@yuiring an estimate of
the moving block lengthl) In our case, the block length (s defined by the
stressed life expectancy of a 62 year old retifées we define the block length
() based on the defined life expectancies of a G wéd retiring individual
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using 2014 life tables for Slovakia presented bghkiymné a demografické cen-
trum Infostat (VDC Infostat, 2015). For each uriiadlock bootstrap, a vector of
variables is defined. Pulling consecutive blockdafa out from the database of
96.5 years of daily data of variables, each blégkh@an consists of variable obser-
vations(X,_.,), =1, ...., |. Then the simulation is performed for each bldgk (

At the end, we get a 2 x 4 x 4 matrix of strateda withdrawal ratec) and
investing of remaining wealth under the longevigkrscenarios, for which we
inspect the probability of ruin. By performing 1@8imulation for each combi-
nation, we get the cumulative probability of ruimdavalue of bequest. In total
we have performed 32,000 simulations using the shlmeks and simulation
sequences (simulation seeds) to be able to conwaai@us investing and with-
drawal strategies. Simulations were performed in B48el environment using
Palisade @RISK software.

4. Results and Discussion

First we present the results for the most conseesestrategy, where the
withdrawal rate calculated using equation (11)asa the beginning of retire-
ment and does not change over time (fixed withdraat@). Remaining wealth
during retirement is invested entirely into bonahgien fund (DGDF strategy).
The table 1 presents selected statistics on berafd expected value of bequest
in case of death under different longevity risk.

Table 1

Benefits and Bequest (DGDF¢; ) Strategies — Fixed Withdrawal Rate(in EUR)
{/r\]/\i/tifjtg\?vgtl /Strategy rils_lgrs]gzxgio Min Mean Max 5% 9%
DGDF/c' Benefit #1 41.83 43.50 45.57 43.18 43.91
DGDF/c! Benefit #1.05 41.40 43.51 45.32 43.18 43.93
DGDF/c! Benefit #1.1 40.46 43.51 46.44 43.16 43.93
DGDF/ ¢/ Benefit #1.15 41.58 43.50 46.12 43.13 43.88
DGDF/ ¢/ Bequest #1 16335.99 41622.30 99530.39 17 042.07 86 235.52
DGDF/ ¢/ Bequest #1.05 16 179.21] 43712.24 110548.90 16 903.56 90 921.10
DGDF/c! Bequest #1.1 16 127.29 46003.42 121331.80 16934.98 98 276.77
DGDF/c! Bequest #1.15 16 043.44 48354.37) 123822.80 16 919.20 104 609.50

Source:Own calculations using MikroSIM model.

None of the simulations for the DGDd/ strategy hit zero values of final

wealth. In general, the average withdrawal rate atds61%, with low volatility
(0.1%) which can be deemed low comparing to thereff annuity rate at
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4.75%. However, average bequest reached the fatim@ than 2 compared to
the initial level of savings. This combination ofvestment/withdrawal strategy
is suitable when the bequest is preferred by eeretin fact, if we increase indi-
vidual life expectancy the value of final wealtlcii@ases over time.

Second strategy combines investment into bondigerfisnd (DGDF strate-
gy) and the withdrawal strategy based on equatl@) that is set at the begin-
ning of retirement and does not change over timedfwithdrawal rate). The
results are presented in Table 2 below.

Table 2

Benefits and Bequest (DGDF¢™ ) Strategies — Fixed Withdrawal Rate(in EUR)
{/r\]/\i/tifjtg\?vgtl /Strategy rils_lgrs]gzxgio Min Mean Max 5% 9%
DGDF/c™ Benefit #1 68.08 93.43|  166.04 68.93| 14370
DGDF/c™ Benefit #1.05 67.02 93.24|  165.65 67.82| 14474
DGDF/c™ Benefit #1.1 66.07 93.08|  168.42 66.74|  146.49
DGDF/ ™ Benefit #1.15 65.02 92.85|  169.60 65.74| 14756
DGDF/ ™ Bequest | #1 8580.92| 18101.63| 37540.43| 8837.09| 34268.81
DGDF/c™ Bequest | #1.05 8253.57| 18097.68| 3911595 8507.76| 34529.59
DGDF/c™ Bequest | #1.1 7947.65| 18118.29| 41044.85| 8228.45| 35100.59
DGDF/c™ Bequest | #1.15 7653.23| 18117.23| 3934159| 7982.04| 35472.00

Source:Own calculations using MikroSIM model.

Again, this combination delivered no risk of r@nd can be considered con-
servative with relatively good benefits (averagadii ratio of 5.6%). However,
the volatility of benefit ratio is higher (2.1%)o@pared to the previous combi-
nation, this one promises higher benefits, thougheaexpense of lower value of
bequest, which stood at the average rate of 0.9.

Further, we analyze the combination of withdrastehtegies with the invest-
ing into equity pension fund. We use both approagkee formulas 4 and 5) for
setting the withdrawal rate (fixed as well as dym@nirhis is made due to the
higher volatility of equity pension fund returnshé results are presented in ta-
bles and respective Figures 3 below.

Investing in equity pension fund under the anmaelculation of withdrawal
rate could be viewed as an acceptable alternativgprfogrammed withdrawal
because of rather high benefit ratio (7.95%), hawdugh volatility of annual
benefits can be expected. Rather surprising resute fact, that under both
withdrawal strategies, probability of ruin underigas life expectancies is zero.
On the other hand, if no annual recalculation dhdrawal rates is applied, the
results are significantly different (Table 4 a Figd below).
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Table 3

Benefits and Bequest (INDF£/ ) and (INDF/¢™ ) Strategies — Dynamic Withdrawal

Rates(in EUR)
INDF/ ¢ Benefit #1 33.65 121.90|  292.23 52.93| 22634
INDF/ ¢/ Benefit #1.05 33.77 122.84|  295.66 52.97 |  227.43
INDF/ ¢! Benefit #1.1 33.72 127.94|  302.60 52.98 |  228.63
INDF/ ¢! Benefit #1.15 34.07 128.73| 312,55 53.02| 23279
INDF/ ¢! Bequest #1 3422.71| 22803.19| 99984.85| 7857.89| 69869.27
INDF/ ¢! Bequest #1.05 3420.34| 20851.51| 88968.81| 6726.34| 66258.56
INDF/ ¢! Bequest #1.1 2917.41| 19870.53| 8218228 5939.88| 61774.94
INDF/ ¢! Bequest #1.15 2898.95| 1782951| 81195.15| 5332.32| 58688.61
INDF/ ¢ Benefit ) 38.67 130.97|  343.56 52.98 | 23358
INDF/ ¢ Benefit #1.05 38.56 133.94|  356.41 52.89 | 23554
INDF/ ¢ Benefit #1.1 37.87 136.71|  370.77 53.53 |  246.49
INDF/ ¢ Benefit #1.15 37.33 138.90|  365.56 55.08 |  257.46
INDF/ ¢ Bequest | #1 2860.95| 21696.65 9257359 7257.29| 61868.27
INDF/ ¢ Bequest | #1.05 2330.91| 20542.19| 87818.48| 6626.24| 61 958.56
INDF/ ¢ Bequest | #1.1 2114.49| 19214.28| 82005.66| 6039.38| 59 764.94
INDF/ ¢ Bequest | #1.15 1936.83| 17826.78| 83169.91| 5032.72| 56 628.61

Source:Own calculations using MikroSIM model.

Table

4

Benefits and Bequest (INDF£™ ) and (INDF/ ¢/ ) Strategies — Fixed Withdrawal
Rate (in EUR)

{/r\]/\i/t(rewiltg\?vr;tl /Strategy rilglgrs](g:z\rigio Min Mean Max 5% 95%

INDF/ ¢! Benefit #1 191.15 207.32 221.19 195.15 214.44
INDF/ ¢! Benefit #1.05 189.74 207.52 22222 194.2 214.47
INDF/ ¢! Benefit #1.1 187.22 207.47 224.11 193.74 214.87
INDF/ ¢! Benefit #1.15 185.02 207.49 224.1% 191.9 214.82
INDF/ ¢! Bequest #1 - 1385.84| 58201.55 - 6191.45
INDF/ ¢/ Bequest #1.05 - 1365.27| 74985.2 - 3979.73
INDF/ ¢! Bequest #1.1 - 1314.14| 78362.22 - 1480.92
INDF/ ¢/ Bequest #1.15 - 1105.02| 81858.2 - 114.92
INDF/ ¢ Benefit #1 204.62 215.62 225.33 212.69 218.28
INDF/ ¢ Benefit #1.05 199.76 215.52 227.45 212.2 218.17
INDF/ ¢ Benefit #1.1 194.79 215.57 224.44 212.54 218.30
INDF/ ¢® Benefit #1.15 199.12 215.57| 229.77 2125 218.82
INDF/ ¢ Bequest #1 - 1285.94| 55106.80 - 6191.45
INDF/ ¢ Bequest #1.05 - 1266.93| 76313.1 - 3979.73
INDF/ ¢ Bequest #1.1 - 1297.16| 75773.72 - 1480.92
INDF/ ¢ Bequest #1.15 - 1063.63| 67676.8 - 114.92

Source:Own calculations using MikroSIM model.
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Ignoring annual recalculation of withdrawal ratekich accept the adjust-
ments in returns of the remaining wealth and usixed withdrawal rate set at
the beginning of retirement could lead to a falgpeetations on the sustaina-
bility of benefits and thus increases the risk whr Figure 1 below presents
the cumulative probability of ruin under this comdtion of strategies without
annual recalculation of withdrawal rate and usiixgd withdrawal rate set by
using formula (4).

Figure 1
Probability of Ruin for INDF/ ¢/ and INDF/c™ with Fixed Withdrawal Rate
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Source:Own elaboration.

Understanding the fact, that annual recalculatbmvithdrawal rate adjusts
the benefit from programmed withdrawal and helpaimizing the probability
of ruin, further presentation of results is oriehten combination of strategies
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where the withdrawal rates are defined at the Imeggnof retirement and ignore
annual recalculations (fixed withdrawal rates).alh cases, when withdrawal
rates are recalculated annually (dynamically sgtbability of ruin is close to
zero and therefore only the value of bequest cadidsussed further. At the
same time we can conclude, that annual recalculatiavithdrawal rates gener-
ates significantly higher volatility of benefits mpared to the benefits where
the withdrawal rate is set at the beginning ofréteement and does not change
over time.

Considering the next investment strategy EQUAL,ekghthe remaining
wealth is equally invested into equity and bondspam fund, one would expect
that the probability of ruin would decrease evethd withdrawal rate is fixed.
At the same time expected benefit should be lolwan tn INDF strategy and
higher than in DGDF strategy. Using fixed withdrawate formula (4) for
EQUAL strategy returned initial withdrawal ratestween 6.99% and 8.00%
annually. The results are presented in Table Sragute 2 below.

Table 5
Benefits and Bequest (EQUALL] ) and (EQUAL/ ¢™ ) Strategies — Fixed
Withdrawal Rate (in EUR)

{/r\]/\i/t(rewiltg\?vr;tl /Strategy rilgl?g?:g\r:gio Min Mean Max % 95%

EQUAL/ ¢{ Benefit #1 116.49 125.41 133.38 119.17 129.18
EQUAL/ ¢/ Benefit #1.05 115.57 125.52 133.77 118.72 129.20
EQUAL/ ¢! Benefit #1.1 113.84 125.49 135.28 118.45 129.40
EQUAL/ ¢/ Benefit #1.15 113.30 125.50 135.14 117.55 129.35
EQUAL/ ¢ Bequest #1 - 21504.07| 78865.97| 3521.04| 46213.49
EQUAL/ ¢ Bequest #1.05 - 22538.76| 92767.05| 3451.78| 47450.42
EQUAL/ ¢ Bequest #1.1 - 23658.78| 99847.01| 3467.49| 49878.85
EQUAL/ ¢ Bequest #1.15 - 24 729.70| 102 840.54| 3459.60| 52362.21
EQUAL/ ¢ Benefit #1 152.68 158.11 162.90 156.52 159.53
EQUAL/ ¢ Benefit #1.05 150.17 158.06 163.98 156.36 159.49
EQUAL/ ¢ Benefit #1.1 147.67 158.08 162.58 156.52 159.49
EQUAL/ ¢ Benefit #1.15 150.39 158.08 165.09 156.54 159.49
EQUAL/ ¢ Bequest #1 - 3457.47| 56 699.51 - 24 246.88
EQUAL/ ¢ Bequest #1.05 - 3311.29| 6719455 - 24821.94
EQUAL/ ¢ Bequest #1.1 - 3282.69| 65 480.06 - 26 444.41
EQUAL/ ¢ Bequest #1.15 - 3083.12| 65361.90 - 23 447.38

Source:Own calculations using MikroSIM model.

Following Figure 2 presents probability of ruirr fmoth withdrawal strategies
under the EQUAL investment strategy.
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Figure 2
Probability of Ruin for EQUAL/ ¢ and EQUAL/ ¢ with Fixed Withdrawal Rate
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Source:Own elaboration.

Using present value approach defined in formul® br withdrawal rate

generates lower probability of ruin, however thedfés are on average 25%

lower than using sustainable retirement income Y@Rproach defined in for-
mula (12). SRI approach on the other hand promasesry high benefit ratio

(9.48%). Both withdrawal strategies are not ablesdoure that bequest can be
expected. However, if we consider the worst 5% aifinn scenarios, present

value approach is able to deliver the bequest oditibh15.
The last investment strategy (DYNAMIC) uses treimdseturns and market

timing. Logically, this strategy requires activepapach. Simulation results are

presented in Table 6 and Figure 3.
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Table 6
Benefits and Bequest (DYNAMIC/c{ ) and (DYNAMIC/ ¢¥') Strategies —
Fixed Withdrawal Rate (in EUR)

{/r\]/\i/tifjtrn;\?vgtl /Strategy rils_ltzggg\r/lgio Min Mean Max % 95%

Discretive/c] Benefit #1 60.25 77.45 89.32 67.71 86.03
Discretive/c] Benefit #1.05 64.28 78.16 88.83 68.89 86.42
Discretive/c] Benefit #1.1 65.11 78.86 88.52 69.91 86.72
Discretive/c; Benefit #1.15 65.12 79.43 89.11 71.11 86.88
Discretive/c] Bequest #1 - 32984.26| 144 298.5( 7 799.92| 84 573.33
Discretive/c] Bequest #1.05 - 33914.77| 139604.50 6 950.38| 91 619.56
Discretive/c] Bequest #1.1 - 35031.89| 153 262.7( 6224.85( 98 597.84
Discretive/c] Bequest #1.15 - 36 349.54| 158 794.80 4 932.96| 108 730.9(
Discretive/c™ Benefit #1 114.97 130.19 140.70 121.70 137.72
Discretive/c™ Benefit #1.05 118.35 130.80 140.30 122.68 138.10
Discretive/c™ Benefit #1.1 119.26 131.41 139.94 123.65 138.27
Discretive/c™ Benefit #1.15 119.23 131.91 140.58 124.65 138.40
Discretive/c™ Bequest #1 - 11 201.78| 107 478.3( - 50 338.02
Discretive/c™ Bequest #1.05 - 10 879.83| 101 239.14 - 54 563.44
Discretive/c™ Bequest #1.1 - 10 764.44| 113 031.3( - 55 927.86
Discretive/c™ Bequest #1.15 - 10 836.57| 113 865.5( - 59 690.07

Source:Own calculations using MikroSIM model.

Both withdrawal approaches (present value as veefiustainable retirement
income) that uses fixed withdrawal rates undeMN&IAMIC investment strat-
egy are not able to secure certain bequest. Howexean considering present
value approach, DYNAMIC investment strategy is ahl85% of simulations to
deliver bequest ratio of 0.35, e.g. the expectaglibst in case of death after 20
years could be higher than 35% of initial wealth.

Probability of ruin under the DYNAMIC investmentrategy and present
value approach for fixed withdrawal rates is sigaintly low. This combination
promises rather high bequests even under the stfessenario of long life ex-
pectancy. At the same time, probability of ruinristabccurring after 19 years,
which is fairly late. The shortfall is the relatiydow benefit ratio (only 4.68%).

Finally, we looked at the probability of ruin ifitlvdrawal rates are set discre-
tionally at the beginning of retirement. The idsariotivated by having the same
benefit ratio and annuity rate, so an individual oavestigate, how much risk of
ruining his wealth will be transferred onto him ambtat kind of reward in form
of bequest can be expected. We compared all inesdtstrategies under various
discretionally set fixed withdrawal rates using tbagest life expectancy of
23 years.
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Figure 3

Probability of Ruin for DYNAMIC/ ¢/ and DYNAMIC/ ¢® with Fixed Withdrawal
Rate
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Source:Own elaboration.

Intuitively, riskier investment strategies coultbyide higher bequests with
lower probability. DYNAMIC strategy can provide higr probability as well as
level of bequest than conservative bond strategg €uld argue, that the prob-
ability of ruin should be investigated in a way hadvevolves over time during
retirement (Figure 4). As it can be seen on FigyurBYNAMIC strategy deliv-
ers interestingly low probability of ruin, while méaining relatively high values
of bequest.

The results of the bequests and respective bengfiler various longevity
risk scenarios are presented in Table 7 and Figjinedow.
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Table 7
Bequest of Strategies under Defined Fixed Benefitdkios

Investment Strategy Wltr:(;;z;wal Min Mean Max 5% 95%

DGDF Bequest 0.04 8126.46| 35324.77| 105912.90| 8631.17 85484.61
DGDF Bequest 0.044 | 584247 3157464 100768.80  6237.8479 997.93
DGDF Bequest 0.048 | 3504.02| 2782450 95624.74| 3799.9q 75020.29
DGDF Bequest 0.0512 | 1536.11| 24 824.3¢ 91509.46  1887.9770649.41
DGDF Bequest 0.06 - 17 367.19| 80 192.45 - 59 058.92
INDF Bequest 0.04 - 50 402.90| 227 641.4p - 156 579.40
INDF Bequest 0.044 - 45 971.84| 220 409.30 - 148 903.00
INDF Bequest 0.048 - 41649.70| 213177.20 - 140 670.50
INDF Bequest 0.0512 - 38 318.36| 207 391.50 - 132 888.70
INDF Bequest 0.06 - 29996.80| 191 480.8p - 115 336.p0
EQUAL Bequest 0.04 - 42 561.38| 156 563.00| 3354.29 118 708.80
EQUAL Bequest 0.044 - 38425.91| 150 720.4p 64447112 068.60
EQUAL Bequest 0.048 - 34 352.28| 144 877.70 - 105 679.50
EQUAL Bequest 0.0512 - 31183.32| 140 203.6p - 100 039.20
EQUAL Bequest 0.06 - 22 763.02| 127 349.80 - 86 301.59
DYNAMIC Bequest 0.04 3736.58| 49906.92 142767.00 11 63%.0411551.70
DYNAMIC Bequest 0.044 209.11| 44808.79| 137089.10| 8126.91 105 373.80
DYNAMIC Bequest 0.048 - 39955.08| 129419.30 4502445 97 377.96
DYNAMIC Bequest 0.0512 - 35922.48| 120143.00 1605.8§ 91 792.39
DYNAMIC Bequest 0.06 - 25984.12| 101 454.9p - 78 398.47

Source:Own calculations using MikroSIM model.

Figure 4

Probability of Ruin for Various Investment Strategies and Defined Benefit Ratio
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Further research should be oriented on investigatie stopping function,
which defines the critical point in time or ,poiof no return®. This point de-
fines, that if the value of wealth crosses belowtaie value at certain point,
retiree would be better-off if all remaining weaithused to by a single premium
life annuity. If he would continue with programmadthdrawal, the ruin will
certainly occur before he dies. At the same tinegjulest could be valued using
present value approach and thus better reflectltee.

We came close to the Dus, Maurer and Mitchell 8Gfbnclusions, that an
immediate annuitization can be viewed suboptimajéneral and also in indi-
vidual circumstances. However, understanding tbppshg function might help
retirees to better manage retirement savings andnmize the utility function
while minimizing probability of ruin due to the imtual longevity risk and
ability to maximize utility from the existence obaquest.

Conclusions

Our paper focuses on proclaimed suboptimalitynmihediate annuitization
and investigates possible investment and withdraivategies as an alternative
to life annuity. Using stochastic simulations ofcartain equity and bond pen-
sion funds returns under the existence of fee palit uncertainty in life expec-
tancy, we have shown that a programmed withdrawategyy paying the same
benefit as an annuity exposes the retiree to gheafi outliving his assets while
still alive. A programmed withdrawal using a dynamiithdrawal rate that cor-
responds to the past returns and adjust the paiefilEon an annual basis helps
avoiding the risk of running out of money, sincendkits fluctuate in tandem
with the pension fund'’s returns. We have constdigtgestment strategy, which
respects trend in returns and using timing, retihg®amically manages the port-
folio in order to minimize the probability of ruin.
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