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Abstract

We analyze the effect of means-tested benefits on annuitization decisions. Most
industrialized countries provide a subsistence level consumption floor in old age, usually in
the form of means-tested benefits or income supplements. The availability of such means-
tested payments creates an incentive to cash out (occupational) pension wealth for low and
middle income earners, instead of taking the annuity. Agents trade-off the advantages from
annuitization, receiving the wealth-enhancing mortality credit, to the disadvantages, giving up
"free" wealth in the form of means-tested supplemental benefits. We show that the
availability of means-tested benefits can reduce the desired annuitization levels substantially.
Moreover, the model's predicted annuitization rates as a function of the level of pension
wealth are roughly consistent with the cash-out patterns of occupational pension wealth

observed in Switzerland.
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1. Introduction

Virtually all industrialized countries provide supplen@nretirement benefits to
prevent poverty in old age. These benefits are typically swasted and eligibility
is determined both on income and assets, although in sonmgr@sionly pension in-
come is taken into account. Supplemental retirement berefitan important source
of retirement provision. In OECD countries means-testéiderment benefits are al-
most 22% of average earnings and approximately 17% of iddals above age 65
claim such benefits (OECD (2011)).

While means-tested benefits are important to reduce poweadig age, in this pa-
per we show that the availability of these benefits can sabatly reduce the propen-
sity to annuitize pension wealth at retirement. Becausasieested benefits guarantee
a minimum income in retirement, they provide an impliciturence against the finan-
cial consequences of longevity similar to an annuity cantr@his implicit insurance
generates a strong incentive to cash-out accumulatedqrensalth at retirement even
if full annuitization were optimal in the absence of meaested benefits.

Yaari's (1965) seminal paper demonstrated that a lifeecgdnsumer without a
bequest motive should choose to annuitize his entire weéalthsure longevity risk.
Davidoff et al. (2005) show that positive, but not nece$gadmplete annuitization
remains optimal even with market incompleteness and liguabnstraints. The case
for annuitization remains strong in the presence of beqgumesives and under habit
formations. However, when international numbers are aealyit is apparent that
when given a choice, only a minority annuitizes voluntaeln in countries in which
the pre-existing annuitization implied by the public pemssystem is small. Given
the size of means-tested social insurance programs intmalied countries, low
annuitization rates may not be that surprising.

The Swiss case nicely illustrates the incentives genetatedeans-tested benefits
to cash out pension wealth. Maximal first pillar benefits antéa roughly CHF 2,000
per month. At the same time, there are also means-testedesugts to first pillar
benefits that lift the available income to roughly CHF 3,00@@nth. An individual
with a monthly second pillar benefit of less than CHF 1,000 antimowhich corre-
sponds to accumulated occupational pension wealth of appately CHF 170,000,
is always better off withdrawing the money upon retiremspgnding it quickly and
then applying for means-tested benefits. While the incestare clear for individuals
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with low pension wealth and no other form of wealth, for meldhcome individuals
there is a trade-off. The retiree weighs the benefits frormtpthe lump sum, "free"
means-tested benefits after withdrawal, against the disddges, not receiving the
wealth enhancing mortality credit and a non-flat consunmgpiattern.

To quantify the impact of means-tested benefits on the amatidan rate, we an-
alyze optimal annuity demand and consumption/savingsies in a realistic life-
cycle model under a social security scheme in which meastedeoenefits can be
claimed if income and wealth fall below a certain level. Thedal also includes infla-
tion risk and equity risk, and allows for differential tar#tments of annuity payments
versus lump sum withdrawals.

The model is calibrated to Switzerland, which is an intengstase to study for
a number or reasons. First, it combines a relatively lowlle¥@re-existing annuiti-
zation by the first pillar, with generous means-tested bentfat exceed first pillar
benefits by roughly 50%. Second, most individuals have actated a large capital
stock at retirement through the mandatory occupationasipanscheme. The aver-
age Swiss retiree has a capital stock of approximately CHEO®® to CHF 400,000
which translates into a second pillar income that approtetgaquals first pillar ben-
efits. Third, a relatively high fraction of individuals vaitarily annuitize their pension
wealth and there is a considerable variability of cash-@disions against which the
theoretical predictions can be compared. Bitler and Tepp@7) and Butler et al.
(2011) show with micro data from pension providers that theppnsity to annu-
itize increases in pension wealth, which is consistent With incentives generated
by means-tested benefits.

The main contributions of our paper are twofold. First, wel finat means-tested
benefits have a sizeable impact on optimal annuitizatioel$evEspecially for agents
with a low income and wealth level, the effect is substantfahese retirees could not
claim means-tested benefits, they would annuitize a laegidm of their second pillar
pension wealth, while the optimal annuity level is oftenazethen means-tested sup-
plemental income is available to them. So in contrast toipteresearch, we find that
means-tested benefits can provide a potential explanairahé low voluntary annu-
itization of second pillar pension wealth and financial wealf individuals. Second,
when comparing the observed annuity decisions of indiv&tegarding their second
pillar pension wealth to the optimal annuity levels, we fird@se match. Using Swiss
administrative data of occupational pension providers @eaclear pattern: Agents



with low pension wealth levels tend to take the lump sum whdents with higher
second pillar pension wealth annuitize more often. Ourdifele model matches this
pattern closely and we find that means-tested benefits gravidmportant explanation
for the observed annuitization behavior of individuals.

A great amount of literature has attempted to shed light er‘dmnuity puzzle”.
Adverse selection and administrative loadslitchell et al. (1999), Finkelstein and
Poterba (2002), Finkelstein and Poterba (2004), and Rioldg@009)) and the exis-
tence of first-pillar annuities (Brown et al. (2001), DushdaNebb (2004)) can ratio-
nalize the preference for alump sum instead of an annuitnecto some degree. Fur-
ther potential arguments against annuitization includeatfamily risk-sharing (Kot-
likoff and Spivak (1981) and Brown and Poterba (2000)), mptete annuity mar-
kets (Peijnenburg et al. (2011a)), bequest motives (Fragdamd Warshawsky (1990),
Bernheim (1991), and Brown (2001)), and a desire to insuaeagexpenditure spikes
(Peijnenburg et al. (2011bj).Nonetheless, the low observed annuitization rates re-
main hard to reconcile with economic theory. Furthermase)srecent work includes
behavioral explanations of individuals low annuitizatlmehavior ’

Our paper relates to several studies that have examinedféioe @ means-tested
social insurance programs on savings and labor supply. rétieal work by Hub-
bard et al. (1995) and Sefton et al. (2008) demonstrate teansitested welfare pro-
grams discourage savings by households with low expectetihie income. Em-
pirical evidence for this prediction is provided by Neumarkd Powers (1998) and
Powers (1998) using U.S. data. Neumark and Powers (2000 mrate that means-
tested supplementary retirement benefits reduce presregint labor supply. Friedberg
(2000) finds similar evidence by exploiting changes in thaiegs test rules for recip-
ients of Social Security benefits in the US. However, thetagditerature has largely
ignored the role of means-tested social insurance progoartige decision to annuitize
pension wealth. The only exception, to our knowledge, isphper by Pashchenko
(2010) who investigates different determinants of the @mation decision using a
simulation model parameterized for the U.S. She demoestthat a minimum con-

SDirer (2010) explores how annuities should be taxed wheindgadverse selection problems.

6See Brown (2007), for an excellent review of this literature

’See, for example, Brown et al. (2008) who find that people aveertikely to annuitize when the
choice is presented to them in a consumption framework theenvit is presented in an investment
framework. Other behavioral explanations such as mentdwating are examined in Hu and Scott
(2007) and Brown (2007).



sumption floor reduces the participation rate in voluntamyuaty markets, particularly
at the bottom of the income distribution.

Our analysis differs from the study by Pashchenko (20109veal respects. First,
we explore the impact aheans-tested benefitdhile Pashchenko (2010) focuses on a
consumption floar Both are additional income given to agents provided by the g
ernment, but they differ with respect to how wealth is trdedad how generous the
transfer is. With means-tested benefits agents are usukglyeal to keep a certain
level of wealth, so means-tested benefits are not reducéar doi dollar with ad-
ditional wealth. A minimum consumption floor, on the othentiais only paid out
after all wealth has been depleted. Furthermore, in cartve®ashchenko (2010) we
compare actual individual level annuity choices to the joted levels.

Contrary to most other papers on the determinants of andaityand, our analysis
concentrates on the decision to annuitize pension weafthlyafunded pension plans
that are either mandated or strongly favored by governnegnilation. These schemes
play a large role in the provision of retirement income in todustrialized countries.
Annuitization in these plans is thus a more pressing confmerpublic policy than in
voluntary annuity markets, which traditionally have a lownaitization rate. Further-
more, our paper is one of the few papers on annuity demancthploy individual
level data to explore determinants of annuity choices.

The paper proceeds as follows. Section 2 describes theyldie- model used for
the simulations of annuitization decisions in the presesfceeans-tested benefits.
Section 3 gives an overview of the Swiss pension system tohwihie model is cali-
brated and which serves as an illustration for the quamgainpact of means-tested
benefits. Section 4 summarizes the data and presents degcsijatistics and Section
5 presents the results and discusses alternative intatipres of our results. Possible
policy implications will be discussed in Section 6 and St draws conclusions.

2. A life-cycle model during retirement with means-tested knefits and optimal
annuitization

Means-tested supplemental benefits create an incentivasto @aut accumulated
second pillar wealth. If pension income is fully taken intzaunt when calculating
the amount of means-tested benefits, an annuity, even smd#éirimental to the el-
igibility for means-tested benefits. If the combined incdimoen the first and second
pillar is below the consumption floor guaranteed by meastetebenefits, a single in-



dividual should in most cases choose the lump sum, draw ihdawd then apply for
means-tested benefits. While the incentives for indivislwath low pension wealth
are mostly straightforward, for middle-income individsitthere is a trade-off. The re-
tiree weighs the benefits from taking the lump sum, “free” nsetested benefits after
withdrawal, against the disadvantages, not receiving tbkéave enhancing mortality
credit (longevity insurance) and a decrease in consumptioa the capital is depleted.

The effect of means-tested benefits on annuitization dewssis further compli-
cated by a number of institutional details specific to a counFirst, the eligibility
for means-tested benefits dependstatal wealth and not only on pension wealth.
Therefore, even for low levels of pension wealth, takingdheauity may be optimal
if non-pension wealth is high. Second, differences in taxatay either favor one of
the two polar options (100% annuitization vs 100% lump sunmduce a certain split
between the two. In the Swiss case, which will serve as astilition for the calibra-
tion, the annuity is subject to normal income tax rates, evthle lump sum is taxed
only once (at retirement). Third, since annuities are tgibhyonot indexed to inflation,
uncertainty about future prices reduces the demand foe thesuities.

In the next section, we present a life-cycle model that ipocates several impor-
tant aspects of the annuitization decision, including rse@sted benefits, non-pension
wealth, differential taxation of the annuity income congzhto the lump sum, and a
stochastic asset return process in the presence of inflation

2.1. Individual's preferences and constraints

The analysis is for the retirement phase of the life cycleramdctive decision with
respect to the retirement timing is made. After retirembatagent faces the decision
whether to (partially) annuitize the pension wealth or takes a lump sum. Subse-
quently lump sum taxes are levied, which is only done oncectaement For his
entire life the agent receives an annuity income from theé éingl second pillar and
annual income taxes are levied on this. The agent decidesaljythow much to con-
sume and, subsequently, the remaining wealth (if any) igleldsoptimally between
stocks and bonds. The optimal consumption and investmeigides are made annu-
ally, while the optimal choice about which fraction of thesed pillar pension wealth
to annuitize takes place once, at retirement.

8In Switzerland, not only lump sum taxes are levied but alswahwealth taxes. In the analysis we
abstract from wealth taxes because these tax rates areoveantl for wealth levels up to CHF 100'000
no taxes are paid.



More formally, we examine an agent during retirement witeiag 1, ..., 7', where
t = 1 is the retirement age arifl is the maximum age possible. Lgt denote the
probability of surviving to age, conditional on having lived to periad- 1. The indi-
viduals’ preferences are presented by a time-separabistatt relative risk aversion
utility function and the individual derives utility from a¢ consumption(;. Lifetime

utility equals
~ o (17, ) .
> (1) 7)) ‘

where is the time preference discount factordenotes the level of risk aversion,
and C; is the level of date¢ real consumption. Nominal consumption is given by
C, = C,I1,, wherell, is the price index at time

The second pillar wealti}’?*, can be transformed into an annuity income, taken
as a lump sum, or a combination of both:

V:EQ

Wre = W+ we, 2)

wherelV® is the amount taken as a lump sum a#id is the part of the pension wealth
annuitized. The annuity incom&,’/, is given by

}/;II — WGC, (3)

wherec is the conversion rate. The second pillar annuity incomeiges a nominal

income, while the first pillar income is inflation protectedtax is levied once on the
part of the second pillar pension wealth that is taken as @ lsum,r;,. The lump sum

tax depends on the amount withdrawn progressively, the imartpx rate increases
with the lump sum amount. Total net wealth at time= 1, W7, is the sum of net
non-annuitized pension wealth plus non-pension finanacglih, 17/ "7*:

Wi = (1 — 7)) W + Wwmee, (4)

The income taxy;, is progressive and levied over the sum of first and secomat pil
pension income.
The net means-tested benefiis equal

M, = max(M, — Y} = YT —rW, — W, 0) (5)



where 1, is the guaranteed consumption level. The applicable incntmse the
amount of means-tested benefits on consists of first pillasipa incomey;’, second
pillar pension incomé&’,/Z, investment income (wealth times a fictitious investment
returnr), and a fractiory of wealth. The incomes,’ andY,!! are defined net of taxes.

There are two assets individuals can invest in, stocks arskless bonduw is the
fraction invested in equity, which yields a gross nomin&lne of R,,,. The nominal
return on the riskless bond is denotedbgl. The intertemporal budget constraint of
the individual is, in nominal terms, equal to

Wi = (W, + Y + YT + M, — C))(1 + R + (Resr — R )wy), (6)

wherelV, is the amount of financial wealth at timelf the agent receives means-tested

benefits, his consumption is always at least as high as thamgead income levell/,.
The individual faces a number of constraints on the consiomg@ind investment

decisions. First, we assume that the retiree faces borgoawid short-sales constraints

Wt Z 0 andwt S 1. (7)
Second, we impose that the investor is liquidity constréine
Ut S Wt7 (8)

which implies that the individual can not borrow againstufet annuity income to
increase consumption today.

2.2. Financial market

The asset menu of an investor consists of a riskless onergegaimal bond and
a risky stock. The return on the stock is normally distrilbutgth an annual mean
nominal returnur and a standard deviatior;. The interest rate at time+ 1 equals

Ti41 = T + a'r(rt - ,ur) + 6;4_17 (9)

wherer, is the instantaneous short rate andndicates the mean reversion coefficient.
i, 1s the long run mean of the instantaneous short rate cargdnormally distributed
with a zero mean and standard deviation The yield on a risk-free bond with matu-



rity A is a function of the instantaneous short rate in the follgvimanner:

RIM = —% log(A(R)) + %B(h)n, (10)

whereA(h) and B(h) are scalars andl is the maturity of the bond. The real yield is
equal to the nominal yield minus expected inflation and adfifh risk premium.

We have to model inflation, because we examine optimal azatidn levels in
a world in which second pillar annuities are nominal. Foritistantaneousxpected
inflation rate we assume

M1 = Ty + aw(ﬂ-t - ,uﬂ) + E?—i—lv (11)

wherea, is the mean reversion parametgy, is long run expected inflation, and the
error termef ~ N (0, 02). Subsequently the price indékfollows from

i1 = I exp(migq + ftH+1)> (12)

wheree]! ~ N(0,08) are the innovations to the price index. We assume there is a
positive relation between the expected inflation and th&airtaneous short interest
rate, that is the correlation coefficient betwegrande!! is positive. The benchmark
parameters are presented in Section 3.3.

2.3. Numerical method for solving the life-cycle problem

Due to the richness and complexity of the model it cannot Iedaanalytically
hence we employ numerical techniques instead. We use theoch@roposed by
Brandt et al. (2005) and Carroll (2006) with several extensiadded by Koijen et al.
(2010). Brandt et al. (2005) adopt a simulation-based ntethioich can deal with
many exogenous state variables. In our cdse- (R{, m;) is the relevant exogenous
state variable. Wealth acts as an endogenous state varkasléhis reason, following
Carroll (2006), we specify a grid for wealtiter (annuity) income, and consumption.
As aresult, it is not required to do numerical rootfinding talfthe optimal consump-
tion decision.

The optimization problem is solved via dynamic programmamgl we proceed
backwards to find the optimal investment and consumptiatedy. In the last period



the individual consumes all wealth available. The valuefiom at time T equals:

(WT + Y;I + Y;H -+ MT)l_’Y

Jr(Wr, R;J;, Tr) = 11—~ (13)
The value function satisfies the Bellman equation at allopleénts in time,
/ G /
Vi(Wy, R, ) = giacf 11—~ + B 1 B (Vier (Wi, Ry, Ti1)) | - (14)

In each period we find the optimal asset weights by settingrtsteorder condition
equal to zero
Ey(Cy ) (Repy — R /Miyr) =0, (15)

whereCY, ; denotes the optimal real consumption level. Because we shk opti-
mization problem via backwards recursion we knOyv, at timet + 1. Furthermore
we simulate the exogenous state variables for N trajectamel T time periods hence
we can calculate the realizations of the Euler conditiéhs; (R, — R])/I1;4,. We
regress these realizations on a polynomial expansion ist#tte variables to obtain an
approximation of the conditional expectation of the Eulemdition

E (C:;F(Rt—l-l — R{)/Ht_,_l) ~ X;@h (16)

In addition we employ a further extension introduced in Knijet al. (2010). They
found that the regression coefficieifsare smooth functions of the asset weights and
consequently we approximate the regression coeffictgry projecting them further
on polynomial expansion in the asset weights:

0, ~ g(w)y. (17)
The Euler condition must be set to zero to find the optimaltassgghts
X, g(w) = 0. (18)

Due to the maximization function in the budget constraiet &) and (6), there
are two euler conditions for the optimal consumption lev@he for when the agent
doesreceive means-tested benefits and a second for when thedmgnhotreceive



means-tested benefits:

—C;;]Rﬁl) if M, =0, (19)
1
11,

Ct*_fy = 5pt+1(1 —-r—= Q)Et (H
t+1

C;*;]Rf:l) if M, > 0. (20)
This complicates the optimization procedure for consuarptind details describing
the method are in Appendix A.

3. Calibration: case study Switzerland

The availability of means-tested benefits obviously redutte demand for an
annuity. The more important question is the quantitativpanot of this type of re-
insurance on the cash-out decision at retirement. To eiallla importance of means-
tested benefits for retired individuals we calibrate the ehtalthe Swiss case. Switzer-
land is an interesting case as it combines a relatively lowllef pre-existing annu-
itization by the first pillar with generous means-testeddés that exceed first pillar
benefits by roughly 50%. Moreover, most individuals haveiaudated a large capital
stock at retirement through the mandatory occupationasipanscheme. The aver-
age Swiss retiree can expect a second pillar income appateiynequals first pillar
benefits if he annuitizes his pension wealth. At least 25%efaccumulated pension
wealth can be withdrawn as a lump sum, but most plans do nditth fraction that
can be cashed out or apply a higher limit.

3.1. The Swiss pension system: the first and the second pillar

Switzerland’s pension system mainly consists of two sllahe first pillar is a
publicly financed pay-as-you-go scheme and the second gilafully funded occu-
pational pension scheme. Thest pillar aims at providing a basic level of income to
all retired residents in Switzerland. It is financed by goveent revenues and a pay-
roll tax which is proportional to labor income. Benefits am®sgly dependent on the
number of years contributed, but only to a limited degreehenaverage working in-
come. In particular, individuals whose income is high erfotggqualify for the second
pillar usually get a first-pillar income between 90 and 10fpet of the maximal first
pillar benefits. The statutory retirement age is 64 for womueeh 65 for men. Working
beyond age 64/65 is possible, but most work contracts gpadaiétirement age that
coincides with the statutory retirement age.
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Thesecond pillaris an employer-based, fully funded occupational pensibeise
which not only provides retirement benefits, but also inscedn case of disability and
for survivors. The scheme is compulsory for all employedh annual earnings above
roughly CHF 20,000. Around 96 percent of working men and 88 of working
women are covered by an occupational pension plan. Howiederes not cover non-
working individuals. As a consequence, the lowest incomartija — and thus the
individuals with the lowest life expectancy — are not or ontarginally included in
these schemes.

Occupational pension plans are heavily regulated andwththey typically work
as a defined contribution system, far reaching income gtegarare included. In-
troduced in 1985, the main goal of the second pillar is to ta@&npre-retirement
income. Including income from the first pillar, the targepleezement rate of most
pension funds is approximately 50-60 percent of insurednre, corresponding to a
net replacement rate of 70-80 percent. Income above CHRP8Gs0covered by the
so-called super-mandatory part of the system. Althouglethgloyers are free to offer
super-mandatory coverage, a large majority do as occui@nsions are viewed as
an important tool to attract qualified workers in a tight labaarket.

Individuals are automatically enrolled in both the mandatnd super-mandatory
part of the plan and in most cases do not have any choice dineérazcumulation phase
with respect to how to invest the money. Contributions togesion plan correspond
to a certain fraction of the salary (usually 7-18 percentetheling on age) of which
the employer has to pay at least half. The capital is fullytgdde; when an employee
starts working at another company, he receives all of theraotated contributions
(including the employer’s part). The full sum has to be paid the new fund.

The accrued retirement capital can be withdrawn either asrgthty life-long an-
nuity (including a 60 percent survivor benefit), a lump suma amix of the two options.
In some plans the cash-out limit is equal to 50 or 25 percéet légal minimum) of
accumulated capital. Depending on the regulation of theiparthe individual must
declare his choice between three months and three yearstpribe effective with-
drawal date depending on insurer regulations. Many pensgurers define a default
option for the case when the beneficiary does not make areadimice.

Occupational pension annuities are strictly proportidadhe accumulated retire-
ment assets. The capital is translated into a yearly noraimality using a conversion
rate. The conversion rate is independent of marital sthiusgepends on retirement
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age and gender. The law stipulates a minimum conversionrrdite mandatory part,
which is currently 7.05 percent but will be lowered continsly to 6.8 percent in 2015.
Pension funds are requested to index pension benefits tbanfi&the financial situ-
ation of the fund allows for this. At present, few funds aréeab index pensions to
inflation mainly due to high liabilities created by a very higonversion factor in the
mandatory part.

3.2. Means-tested supplemental benefits in Switzerland

If the total income does not cover basic needs in old age, sated supplemen-
tal benefits may be claimed as part of the first pillar. Like iosSmOECD countries,
these benefits are means-tested so that only individualsevimaome and assets are
below a certain threshold are eligible. In Switzerland,\thkie of these benefits cor-
responds to 25% of average earnings, which is slightly atloeeaverage in OECD
countries of 22% (OECD (2011)).

Since the inception of means-tested benefits in 1966, tihedreof the population
beyond the retirement age receiving means-tested benasitemained relatively con-
stant at 12%. The share of benefit is increasing with age whichnsistent with our
hypothesis of spending down assets. In OECD countries drbt® of the population
above age 65 receives means-tested benefits, althoughglascensiderable variation
across countries depending on how low the eligibility thdd is set. For example, in
Denmark and Australia between 70 to 80% of all retirees clamans-tested benefits,
compared to less than 2% in Germany and Japan (OECD (20hl}e United States
the Supplemental Security Income (SSI) program ensuresianuin level of income
for people over age 65 as well as the disabled and blind. Thefile are means-tested
and an individual can have a maximum of $2000 of total asedis Eligible.

The annual means-tested benefits in Switzerland are detedbly subtracting an
individual’'s income from the so-called applicable expé&mais. For married applicants
expenditures and income of the spouse are taken into acasuméll. In addition, a
child allowance is granted for each child below age 18 orl dinishing schooling (at
most age 25). The income used in the calculations of meatsetsupplemental bene-
fits is the sum of pension income from first and second pillav@stment income, and
earnings plus one tenth of the wealth exceeding a thresaedd 6f CHF 25,000. The
relevant annual expenditures consist of a cost-of-livilkgnance, a health insurance
premium of up to an upper limit of CHF 4,500, and rent or inéayments for the
mortgage of up to a limit of 13,200 CHF. Summing up all the aygtile expenditures,
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means-tested supplemental benefits guarantee a grossaint¢approximately 36,000
CHF for singles.

As shown in Table B.1, average annual means-tested suppiahtenefits, con-
ditional on claiming, for retired beneficiaries in 2008 wéidF 9,600 for single ben-
eficiaries. The cost-of-living allowance, the health imswe premium, and rent pay-
ments are the largest categories on the expenditure sidks Wwterest payments on
mortgages are negligible. Because the value of a home is tateaccount in the cal-
culation of means-tested benefits, home owners rarelyfgual means-tested ben-
efits. The main source of income, other than means-testeefitserare first pillar
benefits.

Table B.1

3.3. Benchmark parameters

In this section we set the parameter values for our specditalf the life-cycle
model, which are displayed in Table B.2. Our aim is to be asecks possible to the
Swiss case to compare the results of the simulations witlahchoice. Following
related literature (Pang and Warshawsky (2010), and YoQ09p we set the time
preference discount factg#, equal to 0.96. The risk aversion coefficient assumed
to be 3, which is consistent with Ameriks et al. (2010). As wasider individuals
after retirement we set the time range froms 1 to time'l” = 36, which corresponds
to age 65 and 100 respectively. The survival probabilitreglae current male survival
probabilities in Switzerland and are obtained from the Horvortality Databasé.
We assume a certain death at age 100.

The equity return is normally distributed with a mean anmahinal returnup,
of 6.5% (corresponding to a equity premium of 4%) and an arstaadard deviation,
or, Of 20%, which is in accordance with historical stock perfance. The mean
instantaneous short rate is set equal to 2.5%, the stan@ardtion to 1%, and the
mean reversion parameter to -0.15. The correlation betweemstantaneous short
rate with the expected inflation is 0.4. The parameters feiriflation dynamics are
estimated with data from the Swiss National Bank. Mean iiofteis equal tol.79%,
the standard deviation of the instantaneous inflation sadgual tal.12%, the standard
deviation of the price index equalsl 1%, and the mean reversion coefficient equals
-0.165.

SWe refer for further information to the website, www.moitiabrg.
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For old-age insurance we calibrate the model to the Swigs ddee | pillar annuity
income, Y/ equals CHF 24,000 and is adjusted for inflation annually.s Thimber
approximately corresponds to the average first pillar ineofindividuals covered by
occupational pensions. The gross guaranteed income ewtermine the means-
tested benefits)/;, is CHF 36,000 in real terms. Under this assumption the maim
amount of means-tested benefit, is CHF 12,000 The fraction of wealthy that is
taken into account when calculating the means-tested beisefi.1}! The conversion
rate c that is used to translate the accumulated capital into dyyaaminal annuity
income is set to 7.2%, which corresponds to the conversitnapplied to second
pillar wealth for the period of our data. The lump sum taxand the income tax,
are progressive; the exact numbers are displayed in Appéhdirhe applicable tax
rates on income and lump sum payments are taken from thesteéBgess city, Zurich.
Zurich’s tax burden lies in the middle of all Swiss regions.

Table B.2

4. Data description, limitations and summary statistics

4.1. Data description

Our analysis relies oadministrative recordst the individual level from several
Swiss companies with an autonomous pension fund and séaagalSwiss insurance
companies that provide occupational pension plans forlsandlmedium sized com-
panies. For the companies in our sample, we were given irgtomabout all employ-
ees who retired over the period 1996 to 2006. Each indivicuabserved only once
at retirement. The main sample consists of 23,637 men ar328wmen. The data
contains information on the date of birth, the retiremeriedannuitization decision,
amount of accumulated pension wealth, and conversionrfagtavell as company
specific pension scheme information such as default andaatsbptions.

0The average means-tested benefits actually paid out, comalibn means-tested benefits being
positive, is CHF 9,600. This is less than the maximum of CHDQQ, because in many cases only
a fraction of the maximum means-tested benefits is payedbeacguse agents have positive pension
wealth and/or non-pension wealth. This is similar in ourdetions, were agents with a wealth level of
for instance CHF 50,000 can apply for a fraction of the maximmeans-tested benefits.

\We abstract from the threshold for wealth over which thetfoacg is calculated, because this
would add another maximization function into the budgetstaint which would complicate the nu-
merical optimization procedure even more. Furthermorethineshold is only CHF 25,000 hence our
assumption will not change the results much.
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Since the amount of means-tested benefits dependstainwealth, information
on non-pension wealth is important. This information is remtorded in the admin-
istrative data. Therefore, we utilize asset data from thst firave of theSurvey of
Health, Aging and Retirement in Europ8HARE) in 2003 to estimate a distribution
of liquid an illiquid non-pension wealth, see Tables B.3 &d. We see that 33% of
retirees has a liquid non-pension wealth below CHF 50,00Caémost 11% of retirees
has liquid non-pension wealth over CHF 550,000. Agents aterbgeneous in non-
pension wealth and we take this into account when calcyjdltia fraction of agents
that annuitizes their pension wealth. If an agent has fdaimge non-liquid non pen-
sion wealth higher than CHF 96,000, this agent will not bgibkle for means-tested
benefits. So we assume that 58.1% of agents is not eligibleéans-tested benefits
and use the corresponding optimal annuity demand. In daings assume that liquid
and illiquid non-pension wealth are independent of eachrathd independent of pen-
sion wealth. We calculated these correlations using thefSEdata and they are low;
the correlation between liquid and illiquid non-pensioraitieis -0.01 and the correla-
tion between pension wealth and total non-pension weadjiid non-pension wealth,
and illiquid non-pension wealth is respectively 0.04, QAred 0.14. The distributions
of liquid and illiquid non-pension wealth will be used to calate a weighted average
of the optimal annuitization levels. Liquid non-pensionaltk (NPW) corresponds to
the sum of values of on the bank accounts, government anadm@tepbonds, stocks,
mutual funds, individual retirement accounts, contracagings for housing, cars and
life insurance policies minus financial liabilities. llligd NPW is defined as the sum
of the values of the primary residence net of the mortgadesraeal estate, and the
owned share of own business. Total NPW is the sum of liquidiligdid NPW.

Table B.3
Table B.4

4.2. Data restrictions and limitations

Our administrative data does not always record maritalistahd there is no in-
formation concerning the age or income of the spouse. Toexefve perform the
simulation exercise for a single person household, althangny retirees in our sam-
ple do not live in single person household. We are well awarhe importance of
both marital status per se and socio-economic charadatsristthe spouse (in partic-
ular age and income/wealth). However, even if such data waitaale, we expect the

15



qualitative effects to be similar for married and single m@ur data spans a time in
which wives did not work much and thus the additional pensiealth for married
men in the second pillar can be expected to be small. Morethesadditional income
of the first pillar for the spouse just covers the additionglenditures that are credited
against means-tested benefits. Hence, for a given secdadipdome, a married cou-
ple faces a very similar trade-off as a single men. ButlerBempa (2007) in fact find
little difference in the annuitization rates between netrand single men for those
pension funds that do provide information about maritaiustaThe higher money’s
worth of the annuity for married individuals (due to survilmenefits and higher life
expectancy) seems to be offset by a lower demand for inserahmarried couples
and/or bequest motives.

We restrict the data on annuitization decisions to men oWlgmen are not con-
sidered in the analysis as a number of important social ggeaforms implemented
in recent years primarily affected women (such as an iner@ashe retirement age
for women from 62 to 64 and the introduction of child care @s9d We would also
expect that neglecting the spousal income has larger coasegs for women than
for men, thereby making the difference in decisions acrosslfserved) marital status
more pronounced.

Because tax rates and tax schedules vary across Swiss sammunicipalities,
an individual's residence is potentially important for grenuitization decision. Unfor-
tunately, this information is not recorded in the data. Weélfore use data on applica-
ble tax rates on income and lump sum payments from the lacggsh Switzerland,
Zurich. The tax rates are presented in Appendix B.

4.3. Summary statistics
Table B.5

Table B.5 reports key statistics for the variables of irger&arly retirement, start-
ing at age 55, as well as working beyond planned retiremegyassible. However, the
average retirement age is close to the statutory retireagbf 65 for men. Average
total pension wealth is about CHF 250,000. Furthermore, avesee from Table B.5
that a large fraction of the beneficiaries chose a polar apgedher full lump sum or
full annuity. The mean conversion rate in the mandatory iga8t9, which is slightly
lower than what we use in the life-cycle model. The reasohas $ome agents retire
early and their conversion rate is lower, thereby lowerimg mean conversion rate.
7.2% is the conversion rate at age 65.
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Figure B.1 illustrates the relationship between the pensgiealth and the annu-
itization level of pension wealth for wealth levels below0/@00 CHF. The solid line
represents the fitted values from a non-parametric regmessithe fraction of pension
wealth withdrawn as an annuity on pension wealth using alipesighted regres-
sion (the bandwidth is set to 0.8) The average annuitization level of pension wealth
is very low for low levels of occupational pension wealth anckreases continuously
for higher levels of second pillar wealth. Note that mostragehoose either 100%
annuitization or 0% annuitization, hence this graph shdwas the fraction of agents
that annuitizes pension wealth increases with pensiontine&lgents are heteroge-
neous in their liquid and illiquid non-pension wealth, whigives some retirees an
incentive to annuitize, while for the rest taking the lumpnsis optimal. However, as
pension wealth increases, the propensity for retireeskimttee annuity instead of the
lump sum increases. Furthermore, this pattern can be viawadormal evidence that
means-tested benefits affect the annuitization decision.

Given that the annuity is a normal income subject to incomedathis additional
income increases the effective marginal tax rate undernheity option. The lump
sum, on the other hand, is taxed only once and treated indep#y of other income.
As illustrated in Figure B.2, this differential tax treatmi@nplies that the present value
of the lump sum'’s total tax bill is almost always smaller andreases at a lower rate
that the annuity’s tax burden, especially for larger caitacks.

5. Results: the effect of means-tested benefits on annuitizan

First we show the optimal fraction of second pillar pensiaalth taken out as an
annuity for various pension wealth and non-pension wealtéls predicted by our life-
cycle model and illustrate the trade-offs that retirees flize to means-tested benefits.
In Section 5.3 we compare these findings with the observeditration decisions
concerning the second pillar pension wealth of retireesfilidethat we can match the
actual pattern of annuitization well.

12The locally weighted regression runs a separate regrefsi@ach observation in the data using
observations in the neighborhood of that observation (avidggmore weight to observations close to
the observation of interest). Based on the estimate a fitikgbvs calculated for each observation. The
line in the graph is the line through all these fitted obséowet
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5.1. Optimal annuity demand: An illustrative example

In this section we illustrate, with a simplified model, thade-offs that agents face
when deciding how much to annuitize. In this example we abstirom inflation,
equity, taxes, and non-pension wealth. Whether to take @ kum or an annuity (or
a combination) depends on the consumption patterns thiatdpdtons generate. The
optimal consumption levels if the entire pension wealtmiswatized or taken as a lump
sum are displayed in Figure B.3 for two different wealth leyé When focussing on
the graph on the left-hand side (pension wealth level of CBE,@00), we see that
the consumption stream for the first 10 years of retirementush higher when the
lump sum is taken than if the pension wealth is annuitizederAthat consumption
is slightly lower when the lump sum is taken compared to thleafunuitization case,
about CHF 2,000 lower per year. As the annuity income thatbmugenerated via
annuitizing all wealth (CHF 38,000), differs only to a smettent from the guaranteed
income (CHF 36,000), it is optimal to take the lump sum, comsudarge amounts in
the first retirement years, and subsequently apply for mezsted benefits in case the
individual is still alive.

When comparing the consumption patterns if the wealth lisvéHF 350,000, we
see that, when the lump sum is taken, the consumption lexagas higher for the
first 10 years. However, after the lump sum is drawn down tfferdnce between the
annuity income (CHF 49,000) and the guaranteed level dueetnsitested benefits
(CHF 36,000) is much higher for this wealth level. Hence lfas higher wealth level it
is optimal to annuitize everything, because benefits fronudization, a flat consump-
tion pattern and receiving the wealth enhancing mortahiégit, outweigh the benefits
from a lump sum, receiving "free" wealth in the form of meaested benefits.

)
O D.J

5.2. Optimal annuity demand: The full model

The illustrative example above ignored inflation, equitkds, and non-pension
wealth. In this section we include step by step these impoféators for annuity de-
mand and determine the optimal annuitized fraction foniitllials with different lev-
els of pension wealth. Figure B.4 displays the optimal foacof second pillar pension

13Note that the optimal consumption strategy is to consumerttiee annuity income, because in this
illustrative example we assume that the only risk that iidilials face is longevity risk.
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wealth annuitized as a function of pension wealth for déférevels of means-tested
benefits. Inflation and equity risk are included, but we asstares and non-pension
wealth to be zero, both assumptions will be relaxed belowe d&shed-squared line
is for the case where agents can not apply for means-testegfiise When pen-
sion wealth is CHF 100,000, agents optimally annuitize 5@%h@ir pension wealth,
whereas if pension wealth amounts to CHF 600,000 the opfiaetion annuitized is
90%.

There are two other reasons why agents annuitize less tHa@ X0 First, they
want to keep a certain amount liquid to invest in equity. Ageface only inflation
risk, but no background risk and income risk, hence the amotnsk that they are
willing to hold via the equity market is high. This generatesentives to take at least a
small part as a lump sum to increase the consumption levéteifuture. Second, the
annuity is a nominal annuity, while agents face inflatiok ead prefer a real annuity.

)
O D.4

The optimal annuity demand decreases when the means-tesedits increase.
Comparing the dashed-squared line (no means-tested Is¢matt the dashed-dotted
line (maximal means-tested benefits CHF 12,000), we seethkabptimal fraction
annuitized is lower if the government provides means-tesenefits. Retirees with a
pension wealth equal and below CHF 500,000 optimally do natidize at all when
the maximum means-tested benefits are equal to CHF 12,00¢hatrcase agents
should optimally take the lump sum, consume considerableuats during early re-
tirement years to draw down the lump sum, and subsequenply & the generous
means-tested benefits of CHF 12,000. The optimal fractiowiéized increases with
pension wealth, since (1) choosing the lump sum generagssaimooth consumption
pattern for higher levels of pension wealth and (2) the déffiee between the guaran-
teed income and the annuity income resulting from full atinaiion increases with
the level of pension wealth. In more detail: If pension weadt high, consumption
is really high during the first retirement years while in tayears the consumption
equals the first pillar income plus the means-tested berf#fiis a very non-smooth

Note that 50% annuitization seems low, but this is 50% aimadtof pension wealthnot total
wealth Agents already have more than 75% of their total wealth #ized in the form of | pillar
annuity income. The latter (CHF 24,000) is equivalent totgonesent value of more than CHF 300,000.

15As expected, when running the simulations and excludingtiofh risk and the possibility to invest
in equity results in optimal annuitization levels of 100%.
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consumption pattern for high pension wealth levels). Hawvefor individuals with
such a high pension wealth, an annuity income well above thensrtested benefits
can be generated. These retirees optimally take the anasiitygenerates a smooth
and high consumption level over the entire lifetime. At a@@rthreshold the benefits
from taking the lump sum, receiving "free wealth", are thusaeighed by the advan-
tage of annuitizing, a smooth consumption pattern andveethe wealth enhancing
mortality credit.

In the previous results we abstracted from non-pensionttvaasuming that agents
have zero non-pension wealth, neither liquid nor illiqguiigure B.5 shows the effect
of liquid non-pension wealth on annuity demand. Furtheenee also include taxes,
which we previously abstracted from. By comparing the ddgtatted line in Fig-
ure B.5 and the dashed-dotted line in Figure B.4 we can disgle the effect of taxes.
Both graphs display the optimal annuitization levels iuiid| non-pension wealth is
zero and means-tested benefits of CHF 12,000 can be claintesl ofily difference
between those two lines is that in Figure B.5 taxes are ircduéor all pension wealth
levels, the optimal annuitization levels are lower or edoalthe case in which taxes
are included. Progressive rates in both the income tax (wikitevied on the annuity)
and the tax on the cash-out, as well as the preferential éaxnrent of the lump sum,
induce a shift towards a higher cash-out rate for a giventabgtiock.

0 B. 9D

The main purpose of Figure B.5 is to show the effect of liquad+pension wealth
on optimal annuity demand. The distinction betwéignid andilliquid non-pension
wealth is important, since liquid wealth can be drawn dowad smbsequently agents
can receive means-tested benefits. While retirees can sty eaaw down illiquid
non-pension wealth, such as a house. For this reason almbetme owners can apply
for means-tested benefits. If agents have large amountguodl Inon-pension wealth,
they need to draw down not only the lump sum but also, on toghisf the liquid
non-pension wealth to be able to apply for means-testedfitenén Figure B.5 we
present the effect of liquid non-pension wealth on the ogtifraction annuitized. We
see that for higher levels of liquid non-pension wealth themoal annuitization levels
rises. This is intuitive since higher amounts of liquid nmemsion wealth generate
a very non-smooth consumption path over the life cycle,esimtirees have to draw
down also the liquid non-pension wealth to be able to appiyrfeans-tested benefits.
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Hence, if the agent takes the lump sum, the consumptionrpatieexpectation is
extremely high in early years, and much lower later in lifbjeth generates a welfare
loss.

5.3. Comparing optimal annuity demand with observed decssi

We showed in Section 4.3 that when examining the data, tiadraof individuals
who take an annuity depends positively on the amount of pansealth. Individuals
with low pension wealth levels are more likely to take the jpusum, while individ-
uals with higher levels tend to annuitize their pension trealWe hypothesize that
means-tested benefits reduce the annuity demand in Swaitzeaind can explain the
annuitization pattern found in the data. In Figure B.6 we pare the empirical an-
nuitization pattern with the optimal annuitization patteletermined via the calibrated
life-cycle model.

The solid line is the fitted regression line of the empirigabserved fraction of
accumulated pension wealth taken as an annuity. The n@mgdric regression line
illustrates the relationship between pension wealth aadrdction taken as an annu-
ity.16 Most agents either fully annuitize or take their entire pemsvealth as a lump
sum. Hence the solid line presents the fraction of indivisitizat take an annuity for
varying pension wealth levels. The dashed line are the fgsdirom the full life-cycle
model including the eligibility of means-tested benefits.

When calculating the graph for the predicted annuity lewekstake into account
that many factors, which are heterogenous among retingfisemnce the annuity deci-
sion, most importantly liquid pension wealth and illiquidnsion wealth. We use the
empirical distribution of non-pension wealth, both ligaiad illiquid, from the SHARE
data, to calculate the propensity to annuitize for diffépamsion wealth levels. More
precise, the graphs in Figure B.6 show the weighted averagétbe optimal annuiti-
zation levels as a function of second pillar pension weatels, taking into account
liquid and illiquid pension wealth. The weights depend oa fitaction of agents that
fall into a certain category regarding the amount of liquid dliquid pension wealth,
assuming independency between second pillar pensionhyégliid pension wealth,
and illiquid pension wealth! The distribution of liquid and illiquid pension wealth

16The solid line shows the fitted values from a locally weightegression with the empirically ob-
served fraction of pension wealth annuitized as dependaighie and pension wealth as independent
variable. The bandwidth is set to 0.8.

For instance, 58.1% of agents has illiquid non-pension thesthove CHF 96,000, which means
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which we used to calculate the optimal annuitization patiedisplayed in Tables B.3
and B.4.

Both in the data and the model predictions, the likelihoodnhdividuals to take
the annuity increases with pension wealth. Note that thplgrao not imply that an
individual with for instance a pension wealth of CHF 400,@imally annuitizes
about 30% of his pension wealth. The 30% should be interprasea likelihood to
annuitize averaged over all individuals with the same pensiealth. These agents
differ in their liquid and illiquid non-pension wealth anldus whether it is optimal to
annuitize or take the lump sum. When comparing the dashedhirodel prediction
with means-tested benefits) to the dotted line (model ptiedievithout means-tested
benefits) it is obvious that the predicted annuitizatio® rditops dramatically when
agents can claim means-tested benefits. Comparing the aimuitization levels
with means-tested benefits (dashed line) with the datad(§ak), we find that both
lines are remarkably close. Our calibrated life-cycle medth means-tested benefits
can explain the empirically observed annuitization paten Switzerland well.

In the data we saw that almost all agents choose either foafuuitization or
full lump sum, only 6% chooses for a mix (see Table B.5). Thixnrvinterpreting
Figure B.6 which displays, for instance, that for agenthwitHF 200,000 the average
fraction annuitized is 50%, this means that about 50% of sgehoose full annuitiza-
tion and 50% choose the lump sum. We see a similar patteriéosimulations, the
number of 0/1 decisions is high, 65%. Since the annuity isinahand agents would
like to invest in equity, slightly less than 100% annuitiaatcan be optimal. However,
in reality individuals tend to round of numbers hence mosidg choose either 0% or
100%, not for instance 90%.

that they will not be eligible for means-tested benefits. ¢¢eto calculate the propensity to annuitize
(solid line), we use the optimal annuity demand correspumtti agents that can not claim means-tested
benefits for this 58.1%. The independence assumption maydsigned, but it corresponds to the fact
that the SHARE data do not show any correlation between mmisipn wealth and pension wealth. A
possible interpretation of this finding is that individualigh low pension wealth may compensate by
saving more outside the second pillar. It could also be tidividuals with high levels of non-pension
wealth work less and thus accumulate less pension weattbr(ia effect).
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5.4. Alternative explanations and robustness tests

Although the data fits the model’s prediction well, otherlax@ations might also be
compatible with the observed annuitization pattern, mogidrtantly differential mor-
tality. It has been documented in the literature that wggbibople tend to live longer
than less wealthy individuals (De Nardi et al. (2010)). DedN&t al. (2010) find a
difference of 4.6 years for a 70-year old when comparing ¢kt income quintile
with the highest for the US. Since the wealthy live longenipectation, the annuity is
relatively more attractive for them than the lump sum, coragao the less wealthy re-
tirees. This could in theory explain the observed annuibrgpattern to some degree.
Unfortunately there are no data on mortality differencepéysion wealth in Switzer-
land. However, it is very likely that mortality difference ehot suffice to explain the
cash-out pattern in Switzerland for the following reasdfisst, differential mortality
is far less prevalent in European countries than in the USwiKat al. (2009) find
that the difference between 65-year old men with a low inc¢teéined as minimum
income or no income) and 65-year old men with a high incomér(eé as two times
the median) is at most 3 years, which is substantially lems th the US. Kalwij et al.
(2009) use data from the Netherlands, which is a countryrés@mbles Switzerland in
terms of income distribution and health care. In additioalvij et al. (2009) also ref-
erence similar studies concerning other European cosntriech find a differential
of only 2 years. Reasons for the divergence between the UEarape in mortal-
ity differences between income levels may be a more equahiecdistribution and
universal health care coverage in most continental Europeantries. Another rea-
son why differential mortality most likely can not explaimet observed annuitization
pattern in Switzerland is that our data does not include twgst individuals which
usually account for most of the mortality differential.

A crude test on the importance of differential mortality fbe annuitization deci-
sion in Switzerland is to compare cash-out patterns for rmehveomen. Longevity
differences between rich and poor individuals are much tdarevomen than for men.
As a consequence we should observe a much steeper anmuitizatfile for men than
for women. Figure B.7 does not support this interpretatathough the data on fe-
male cash-out decisions suffer from the mentioned shoitogsr(changes in pension
law, importance of marital status).
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Pashchenko (2010) tests the implications of a consumpton éin optimal annu-
ity decisions, which is different from means-tested besef consumption floor is
a guaranteed income level in case the agent has no sufficieomie and no wealth
to be able to consume the guaranteed level. Hence the suppiaimcome from the
government gets reduced one-for-one with the wealth of glemta In the US a con-
sumption floor is instated and agents can only apply for Sarpphtal Security Income
(SS)) if they have wealth below $2,000. In contrast, meassetd benefits are more
generous, since only a fraction of total wealth is taken exdoount when calculat-
ing the supplemental income (In Switzerland one-for-tesuotion, since the factor
is 0.1.). Pashchenko (2010) finds that the participatioallevthe annuity market de-
creases for higher levels of the consumption floor. Sinyij&€ijnenburg et al. (2011b)
show that the level of annuitization is a decreasing fumabica minimum consumption
level. In Figure B.8 we compare the effect of means-testeefits (dashed line) and
a consumption floor (dotted line). The propensity to anmaits lower when agents
are offered means-tested benefits compared to a consunfigibon This is intuitive
since means-tested benefits are more generous than a camsufigor and thus offer
more protection against longevity risk. Hence modelingegoment supplements as a
consumption floor instead of means-tested benefits, ther lading prevalent in most
western countries, understates the effect that supplergmiernment income has on
annuity demand.

6. Policy implications

Means-tested benefits offer free longevity risk insuraoctné individual. How-
ever, this can be very costly for the social insurance sydienause means-tested
benefits create an externality on annuitization decisibmviduals take means-tested
benefits into account and annuitize a smaller fraction af rension wealth than they
would do otherwise. In this section we quantify the costsafipg out means-tested
benefits. We compare the costs of the benchmark case, (1srested benefits, with
alternative poverty-alleviation schemes in old age: (2hdsory annuitization (as for
example in the Netherlands), (3) a minimum income requirgr(MIR, as in the UK)
and (4) a consumption floor (comparable to the US case).

All schemes we compare in this section guarantee the sarags griaimum income
in old age (CHF 36,000 per year), but do this in different was a benchmark case
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we use the Swiss scheme to which our model is calibrated. |IRba& this means-
tested benefitscheme does not put any restrictions on the individual'sidization
choice and retirees are allowed to keep a certain amountalthvand still be eligible
for supplemental income. Furthermore, we compute the dosthie government of
mandatory full annuitizatiomf the entire second pillar pension wealth. In that case
agents can still keep a certain amount of wealth and remajible for supplemen-
tal income, but they have no freedom about the fraction dimedi. Alternatively,
individuals are required to annuitize up to an amount thatld/iguarantee a nom-
inal consumption equal to the level provided by means-tebtnefits. This is the
so-calledminimum income requireme(WIR) which is used in the UK. To guarantee
an income equal to the state guaranteed income level, ageadsto annuitize at least
CHF 167,000 of their pension wealfth.Analogue to the previous two cases, agents
are allowed to keep a certain amount of wealth, and we assané¢hie rules in that
respect are similar for all three schemes. Note that for tqye@sion capital stocks a
minimum income requirement scheme is tantamount to mandaith annuitization.
As a final alternative we considercansumption flooequal to the income guaranteed
by means-tested benefits. As in the benchmark case this segh@sino restrictions on
the cash out decision. It ensures that a retiree will alwaysoeme an amount deemed
necessary to finance a decent living, but it requires indaislto run down their entire
wealth before applying for supplemental financial asststan

To quantify the public costs of the different schemes weudate the average net
present value of means-tested benefits a person claims difertisne. We perform
this analysis for varying levels of pension wealth and twele of liquid non-pension
wealth (NPW). Tables B.6 (for non-pension wealth of zera) &7 (NPW = CHF
200,000) show the average net present value of means-testedits per person for
the four policies described above. Anindividual with a pensvealth of CHF 100,000
and zero non-pension wealth generates average costs of @&60D due to supple-
mental income if he can claim means-tested benefits, i.ee i§lfiree to cash out his
entire pension wealth and is allowed to keep a certain amoiuwealth liquid. For
an individual with the same wealth level, mandatory full amization would decrease
the net present value of costs to CHF 101,000, and the contgumfiloor policy would
decrease the costs to CHF 95,000. The average costs in taseséace a minimum

18A pension wealth income of approximately CHF 167,000 gemsran income of CHF 12,000,
using a conversion rate of 7.2%.
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income requirement is similar as with mandatory annuitiwatCHF 101,000, be-
cause for low pension wealth levels agents are obliged by dminuitize their pension
wealth levels. For higher pension wealth, the average aistapplemental income
schemes are lower as the agents need to draw down more wefdtke being eligible
for means-tested benefits. Wealthier agents thus apply éamnsitested benefits at a
later age. Note that the costs for the government if meastedebenefits are in place
are always higher compared to the minimum-income requingénaad that the mini-
mum income requirement is always more expensive than marnydatl annuitization.
This is intuitive, because the wealth levels that agentaboeed to keep and still be
eligible is exactly the same, the only difference betweensthemes is the level of
(mandatory) annuitization.

Table B.6
Table B.7

The difference in costs between the poverty-alleviatidrestes is smaller for low
levels of pension wealth compared to intermediate levefgeokion wealth. Individu-
als with low wealth levels can claim supplemental incomerdtgss of the scheme in
place. The difference in costs for the government becongs laoth in absolute and
relative terms for intermediate levels of pension wealtAl 200,000 to 400,000). It
then decreases for higher capital stocks as more indi\gdtredose to annuitize vol-
untarily, and are thus less likely to claim supplementabme. With the exception of
very low levels of capital, mandatory full annuitizationtrse least costly policy for
the government. It ensures that individuals with interragzgland high pension wealth
levels can always care for themselves.

Figure B.7 compares the average social costs per persom fagent with CHF
200,000 of liquid non-pension wealth. As expected, thescast substantially lower
compared to the case that an agent has zero liquid non-pewsalth. The agent
needs to draw down (most) of this liquid non-pension weadtfote applying for sup-
plemental income.

It can be the case that most of the utility gains generatetidgovernment spend-
ing are negated due to externalities created by povergyiation policies. For that rea-
son, we explore the welfare differences between the fouegalleviation schemes
and determine whether some policies generate similatiesilbut have large cost dif-
ferentials. The certainty equivalent consumption for tharfschemes to alleviate
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poverty are presented in Figures B.9 and B.10. In terms @fichakal utility the bench-
mark policy, means-tested benefits, clearly dominatestadramptions as it (1) puts the
least restrictions on individual choice and (2) offers thestgenerous protection (level
of transfers to retirees is the highest). Using the samenaggtithe minimum income
requirement scheme dominates the mandatory full anntigizaystem. The ranking
of the consumption floor relative to the minimum income regpient and mandatory
full annuitization case is not a priori clear. Furthermose, see that the utility from
the consumption floor scheme (with unrestricted cash-ocist) is very close to
the utility when imposing a minimum income requirement. @amng Table B.6 and
Figure B.9, we see that neither of the policies can generatias utilities without
being also more costly, hence no poverty-alleviation gasadominated by another.

R Q)
O B.9

We demonstrate that it is possible to provide income pratedh old age at sub-
stantially lower costs than the means-tested benefits shepiace in many western
countries. This can either be achieved by using a consumfitior or requiring indi-
viduals to annuitize a certain - albeit limited - amount cfitipension wealth. Both
policies impose less restriction on individual choice th@aandatory annuitization and
at the same time reduce the negative externalities indilsdyenerate by strategically
reducing the fraction of pension wealth annuitized. Lowgrihe costs for the gov-
ernment has large distributional consequences. It redieesedistribution from the
wealthy to the less wealthy among the retired, but also tdestrébution from the
young to the old in case the supplement income is paid out nérgd government
revenues.

7. Conclusions

In this paper we examine the effect of means-tested benefiigtmal annuitiza-
tion decisions of individuals at retirement. Means-tedtedefits, which are typically
thought of as poverty protection in old age, act like an addél insurance against the
financial consequences of longevity. They may thus induteees to take the lump
sum, draw it down to consume out of it, and subsequently ajoplneans-tested ben-
efits when the lump sum is (largely) depleted. To quantifyithgact of the incentive
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on the cash-out decision of an individual, we constructlalife-cycle model in which
individuals can rely on means-tested benefits in case theimie is below a certain
level. The model is then calibrated to Switzerland, a cqufdr which the incentive
is particularly strong due to a combination of a high guaradtincome and sizeable
levels of pension wealth that can be cashed out.

The results from our life-cycle model indeed demonstraét teans-tested bene-
fits substantially decrease the optimal annuity demand. shggrisingly the effect is
more pronounced for low wealth levels. If the pension welgtel is low the annuity
income generated does not differ much from (or may even bdemtlaan) the guar-
anteed income. Taking the lump sum, consuming out of thid,than applying for
means-tested benefits generates a higher consumption kearghigh pension wealth
levels, on the other hand, the annuity income is much higrear the income guaran-
teed by means-tested benefits. In that case the value ofrtgeuiy insurance implied
by the annuity (also known as mortality credit) dominates iticentives of the free
means-tested supplemental benefits.

In a second step we compare the results from the model witrodd annuitization
behavior. Our data consists of 22,000 individual retiretragtisions provided by
a number of Swiss pension funds. The predictions from tleedyicle model with
means-tested benefits are close to the empirically obsemweditization pattern in
Switzerland. The optimal annuity demand not only decreasesto means-tested
benefits, but also generates a pattern that is remarkalsg tbathe data both in terms
of level and the correlation with pension wealth.

Although we derived the quantitative impact of means-te$ienefits on the de-
cision to annuitize for a single country, our results havéhier-reaching implications
for the adequacy of income provided in old age. A partialtdinifim first to second
pillar income provision in old age, as discussed in many trees) has to be evaluated
carefully with respect to incentives that are created wHiemvang individuals to cash
out second pillar wealth. A generous protection againsefgvn old age may gen-
erate a strong tendency to quickly deplete pension weatthapply for means-tested
benefits — and thus potentially high costs for the welfareesyis Policy makers will
have to trade-off the benefits of leaving the annuitizatiooice to the individuals and
the costs from doing so.
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Appendix A. Method to determine the optimal consumption andinvestment de-
cisions

Appendix A.1. Summary problem

We want to optimize over consumption and asset allocatioradycally. The ex-
ogenous state variables are the risk free rate and inflafib@.endogenous state vari-
able is wealth. Agents receive means-tested benefits aagtbent depends on wealth
and income.

Appendix A.2. Life-cycle optimization problem

The objective is to maximize the expected lifetime utilitiiieh is equal to

T t C1_fy
Zﬁt—l ((Hps> : t_y)] (A.1)
t=1 s=1

wheref is the time preference discount facteilenotes the level of risk aversion, and
C, is the real amount of wealth consumed at the beginning obgderiThe probability
of surviving to age, conditional on having lived to periad- 1 is indicated by,. We
define the nominal consumption &5 = C,II, andll, is the price index. The gross
nominal equity returns are denoted Byand the riskless bond yields a constant gross
nominal return ofR/ .

The budget constraint of the individual is equal to

V:EQ

Wipr = (Wi + Y+ Y + M, — C)(1 + R + (Ryy1 — RDwy). (A.2)

w; denotes the weight invested in stocks avidare the means-tested benefits at the
beginning of period. The individuals nominal consumption is indicated Gyand

Y/ is the after tax income from first pillar pension wealth and from second pillar
pension wealth. Net means-tested benefits equal:

M, = max(M, — Y, = V;I' —rW, — gW,,0), (A.3)

where )/, is the net amount of consumption/income guaranteed by tkiergment.
If income plus return on wealth plus a fraction of weajtlis lower thaniZ,, agents
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receive means-tested benefits. Rewriting the budget @nistr

Wi = (Wit Y +Y 4max(M, =Y, =Y, —rW,—gW,, 0)—Cy) (14+-R! + (R — R wy).
(A.4)
The timing is as follows, first an individual receives incoamal (possibly) means-
tested benefits, after which the individual consumes. Syulesgly the remaining
wealth is invested.
The individual faces a number of constraints on the consiomg@ind investment
decisions. First, we assume that the retiree faces borgoawid short-sales constraints

Second, we impose that the investor is liquidity constréine

which implies that the individual can not borrow againstufet annuity income to
increase consumption today. Furthermore, the agent casavet out of its means-
tested benefits, but has to consume them:

whereC; is the optimal consumption resulting from the optimizatmocedure.

The optimization problem is solved via dynamic programmamgl we proceed
backwards to find the optimal investment and consumptiategy. In the last period
the individual consumes all remaining wealth, hence we tgxknow the utility from
terminal wealth. Specifically the value at tirideis equal to

(WT -+ Y;I + Y;H + MT)I_A/

Jr(Wr, By mr) = T

(A.8)

The value function satisfies the Bellman equation

c
W(Wt, R{, 7Tt) = Inax (1 ! ~ + 5pt+1Et(Vt+1(Wt+1> R{H, 77t+1))) (A.9)

wi,Ct
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We define the portfolio return as:

RC =1+ R/ + (R, — R)w, (A.10)

Furthermore we denote the wealth level after annuity ingozoesumption, and
means-tested benefits as:

Ay =W, + Y/ +Y/" — Cy 4 max(0, M) (A.11)

Appendix A.3. First order conditions

In order to find the optimal consumption and investment decswe derive the
euler conditions. The optimal asset allocation followsro

oV, 1 k—y / _
S = B <Ht+1q+1 (Ryy1 — R )) = 0. (A.12)

To obtain the consumption policies we take the first ordeda@n with respect ta’;

oV, e Vi "
8—@ = Ct T - Bpir1 By <W;HtR£r1 =0 (A-13)
and calculate the derivative of the value function with ezgpolV,

th aV;H—l P

= E/| =R,
oW, Bpi1 Ey < W, t+1

if max(M, —Y,! — VI —rW, — gW,,0) =0 (A.14)
8Vt a‘/;f+1 P
— = 1—r—g)E| ———R,*
oW, ﬁpt—kl( r 9) t <8Wt+1 t+1

if max(M, —Y,! — VI —rW, — gW,,0) > 0. (A.15)

To solve for the optimal consumption, substitute (A.14) é~d.5) into (A.13) to
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get the following first order condition

*— H *— *
Cy ' = B By (ﬁCHFRfH)
if max(M, — Y=Y — W, — gW;,0) =0 (A.16)
*— H *— *
Cy 77 =Bprp(1—r—g)E, (H—tct+£thPi|-1)
t+1
if max(M, —Y,! =V, —rW, — gW,,0) >0 (A.17)

Due to the complexity of the model it cannot be solved aneédytty. Instead we use
numerical optimization techniques to solve the problerne pitocedure for the optimal
asset allocation is described in Section 2.3 and below wioedée on the method used
to obtain optimal consumption levels.

Appendix A.4. Optimization procedure for optimal consuampt

Similar when calculating the optimal asset weights, weeggihe realizations of
the Euler condition on a polynomial expansion in the stateatées to obtain an ap-
proximation of the conditional expectation of the Euler dibion. However, now we
calculate two potential optimal consumption levels, fothbeuler conditions (A.16)
and (A.17), corresponding to whether or not the agent resaiveans-tested benefits.
Note thatC;™® > Cyromit whereC;™" is the optimal consumption if an agent re-
ceives means-tested benefits aif>™* if the agent does not receive means-tested
benefits. It can be see from (A.16) and (A.17) that the opticogsumption with
means-tested benefits derived from the maximization prreed always higher due
to the additional factof1 — » — ¢)~*/7, which is always higher thah. The means-
tested benefits can be calculated if we know the optimal copsion levels:

My =Y = Y[ = (r+ g)(A + G = Y = V)
1l—r—g
Mtnomtb _ Mt . Y*tl . Y;II . (T+g)(At +C£knomtb . Y;I . Y;II). (Alg)

M = (A.18)

Hence for every time period and every trajectory we have afsgitimal consumption
and means-tested benefitg’ ™, M™) and (C;mom | Mromit), However, we need
to determine which set is the optimal set. We know that if tteome level is higher
than the guaranteed consumption level, then an agent doesaeive means-tested
benefits and the optimal consumption leveldg™®. In caseY; < M,, then the
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optimal consumption result from applying the followingesi

If M™ > 0n M™ > 0 thenC;™® (A.20)
t t t

If M™ > 0n M™ < 0thenC;™® (A.21)
t t t

If M™ <= 0N M"™ < 0thenC;mom® (A.22)
t t t

If M™ <= 00 M"™ > 0n|M“™| < |M™|thenC;™™ elseC;™. (A.23)

These rules are based on whether the implied means-testetitbelue to the optimal
consumption level is viable. Focussing on A.20, we seeMfat® > 0 and Aomt >

0. However, it should not be that the means-tested benefitiadpy the no-means-
tested benefits consumption level are positivE™* should not be positive. Hence
C;m js optimal.

Appendix B. Tax rates in Switzerland

We use the tax rates for singles, which are displayed in Talie
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Figure B.1: Empirical annuitization levels of second pilension wealth

We show the annuity decisions of retirees regarding secitladpension wealth of Swiss pension funds.
The dots are the decisions of individuals and the solid lntheé fitted values from a non-parametric
regression of the fraction of pension wealth withdrawn aaramuity on pension wealth using a locally
weighted regression.
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Figure B.2: Net present value of tax payments for the anrantythe lump sum
The taxes are discounted with a 3% interest rate and takingaitcount survival probabilities. Appli-
cable tax rates are taken from the city of Zurich. All the paegers are as in the benchmark case.
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Figure B.3: Optimal consumption patterns: lllustrativamsple

The figure displays the consumption pattern if an indiviq@glannuitized his entire pension wealth or
took the (2) lump sum. Equity, inflation, non-pension wegadthd taxes are excluded from the model,
the only risk that agents face is longevity risk. If the pensivealth level equals CHF 200,000 it is
optimal to choose the consumption stream correspondinakiog the lump sum while if the wealth
level is CHF 350,000 the consumption stream from full aripaiton is preferred. The guaranteed
income equals CHF 36,000.

(a) wealth CHF 200,000 (b) wealth CHF 350,000
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Figure B.4: Influence of means-tested benefits on optimaliéination levels

The figure displays the optimal annuitization levels foryiag levels of means-tested benefits. We
assume the agent has zero non-pension wealth and does riakpayThe rest of the parameters are as
in the benchmark case.
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Figure B.5: Influence of liquid non-pension wealth on optiaranuitization levels

The figure displays the optimal annuitization levels foryiag levels of liquid non-pension wealth.
Agents can apply for means-tested benefits and taxes argdétl We assume the agent has zero
illiquid non-pension wealth. The rest of the parametersarm the benchmark case
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Figure B.6: Comparison optimal annuitization pattern amgieical annuitization pat-
tern

The figure displays the optimal and the empirical averaggifra annuitized for varying wealth levels.
The optimal fraction is displayed for two cases: (1) assgnaigents can apply for means-tested ben-
efits (MTB) and (2) assuming they cannot apply for meanstebenefits. The optimal fraction is the
weighted average of all the optimal annuitization levets/arying liquid-non pension wealth and illig-
uid non-pension wealth. Weights derived from the SHARE skttare used, assuming independency
between pension wealth, illiquid non-pension wealth, &ndd non-pension wealth. All the parameters
are as in the benchmark case.
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Figure B.7: Comparison empirical annuitization levels vesnand men
All the parameters are as in the benchmark case.
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Figure B.8: Comparison of the influence of (1) means-testefits and (2) a con-
sumption floor on optimal annuitization levels

The figure displays the optimal and the empirical averagetifra annuitized for varying wealth lev-
els. The optimal fraction is displayed assuming agents eaeive (1) means-tested benefits or a (2)
consumption floor. The optimal fraction is the weighted ager of all the optimal annuitization lev-
els for varying liquid-non pension wealth and illiquid npension wealth. Weights derived from the
SHARE dataset are used, assuming independency betweeaarpaeslth, illiquid non-pension wealth,
and liquid non-pension wealth. All the parameters are aserbenchmark case.
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Figure B.9: Certainty equivalent consumption for diffdreld-age poverty alleviation
schemes, zero liquid non-pension wealth (in CHF 1,000)
All the parameters are as in the benchmark case.
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Figure B.10: Certainty equivalent consumption for differeld-age poverty allevia-

tion schemes, CHF 200,000 liquid non-pension wealth (in QHIPO)

All the parameters are as in the benchmark case.
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Table B.1: Maximum and average means-tested benefits deswetyed recipients in
2008

Means-tested benefits correspond to the difference betapplicable expenditures and income but
cover at least the health insurance premium.

Components Maximum Average
Applicable expenditures

Cost-of-living allowance 18,144 18,144
Rent/Interest on mortgage 13,200 10,212
Health insurance premium 4,500 3,996
Other expenses - 84
Total 35,844 32,436
Applicable income

First pillar benefits 26,520 19,944
Other pension benefits - 1,524
Wage income - 84
Own rent - 504
Investment income - 288
Wealth consumption - 636
Other income - 180
Total - 23,160
Means-tested benefits 35,844 9,612
Net wealth - 20,140
Wealth (after deduction) - 6,411

Table B.2: Benchmark parameters

Description parameter value
Time preference discount factgs)( 0.96

Risk aversion coefficienty 3

Mean return on stocksuz) 6.5%
Standard deviation stock returnsy) 20%

Mean interest rateu.) 2.5%
Standard deviation interest rate. § 1%

Mean reversion parameter interest ratg ( 0.15

Mean inflation {i,) 1.79%
Standard deviation instantaneous inflation)( 1.12%
Standard deviation price index{) 1.11%
Correlation interest rate and expected inflation 0.4

Mean reversion coefficient expected inflatian 0.165

I pillar income att = 1 (Y{f) CHF 24,000
Guaranteed consumption leveltat 1 (M) CHF 36,000
Fraction of wealth taking into account to calculate MTB ( 0.1
Conversion rated) 7.2%
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Table B.3: Distribution of liquid non-pension wealth

The distribution is derived using SHARE-Swiss data from20W/e use information from all retired
men with second pillar wealth below CHF 700,000 (93 obs@wmag). The mean liquid non-pension
wealth is CHF 197,265.

liquid non-pension wealth % in wealth category

0- 50,000 33.3
50,000 - 150,000 28.0
150,000 - 250,000 10.8
250,000 - 350,000 10.8
350,000 - 450,000 3.2
450,000 - 550,000 3.2

550,000 - 10.8

Table B.4: Distribution of illiquid non-pension wealth

The distribution is derived using SHARE-Swiss data from20®e use information from all retired
men with second pillar wealth below 700,000 CHF (93 obs@wmg). The mean liquid non-pension
wealth is CHF 231,987.

illiquid non-pension wealthl % in wealth category
0 38.7
1-96,000 3.2
96,000 - 58.1

Table B.5: Summary statistics of pension funds data, men

Variable Mean  Median S.D. Min Max
Age at retirement 63.9 65.0 1.8 55.0 70.7
Conversion rate

Mandatory Part 6.928 7.150 0.424 5.210 8.043
Supermandatory Part  6.740 6.863 0.523 4.816 8.043
Pension wealth 249,797 212,591 165,387 102 699,892
Share Annuity 44.3 0 49.7 0 100
Share Lump Sum 49.9 0 50.0 0 100
Share Mixed 5.8 0 23.4 0 100
Observations 22,261
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Table B.6: Costs of the means-tested benefits, non-pengathwCHF 0

(in CHF 1,000).

The graph displays the average net present value of the rtestes benefits payed out to agents. To
calculate the net present value we use the Vasicek modehéoterm structure of interest rates. The
non-pension wealth ikquid non-pension wealth.

pension wealth MTB mandatory full annuitization MIR consumption floor
100 146 101 101 95

200 106 24 38 51

300 77 3 20 28

400 57 0 14 12

500 44 0 11 1

600 34 0 8 0

Table B.7: Costs of the means-tested benefits, non-pengathwCHF 200,000

(in CHF 1,000).

The graph displays the average net present value of the rtestesl benefits payed out to agents. To
calculate the net present value we use the Vasicek modehéoterm structure of interest rates. The
non-pension wealth ikguid non-pension wealth.

pension wealth MTB mandatory full annuitization MIR consumption floor
100 68 40 40 23

200 50 10 14 11

300 39 2 10 3

400 30 0 8 1

500 0 0 0 0

600 0 0 0 0
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Table B.8: Tax rates for the lump-sum and income
The tax rates are for singles.

community and cantonal lump-sum tax  federal lump sum tax

tax rate (in%) amount tax rate (in%) amount
4.66 up to 118500 0 up to 12600
6.99 next 41000 0.154 next 14800
9.32 next 67000 0.176 next 8500
11.65 next 82000 0.528 next 12000
13.98 next 95000 0.594 next 15000
16.31 next 109000 1.188 next 4800
18.64 next 149000 1.32 next 22100
20.97 next 286000 1.76 next 27000
23.3 next 285000 2.2 next 35900
25.63 next 449000 2.64 next 502300
27.96 next 584000 2.3 above 655000
30.29 above 2265500
community and cantonal income tay federal income tax
tax rate (in%) amount tax rate (in%) amount

0 up to 7750 0 up to 12600
4.66 next 4,100 0.77 next 14,800
6.99 next 4,100 0.88 next 8,500
9.32 next 6,700 2.64 next 12,000
11.65 next 8,200 2.97 next 15,000
13.98 next 9,500 5.94 next 4,800
16.31 next 10,900 6.6 next 22,100
18.64 next 14,900 8.8 next 27,000
20.97 next 28,600 11 next 35,900
23.3 next 28,500 13.2 next 502,300
25.63 next 44,900 11.5 above 655,000
27.96 next 58,400
30.29 above 226,550
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