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1. Introduction

The provision oincome atretirementis experimentingstructural changein manydeveloped
economies around the world. Traditionally Social Secantyvoluntary or mandatory defined
benefit (DB) pension plamsovided employees witla stable and usually generous pension
income stream at retiremenin recent years,tis system is biag replaced by anothawhich
relies much more heavily on employees to finance their own retirement though their
participation in defineecontribution (BC) pension plans. In tBe plans, income at retirement is
typicallynot guaranteecd instead, employeeBnance their retirement from the assets they have
accumulated in their pension accoutirough their working lives. The size of those assets

depends on their own lifetime contribution and investment decisions.

The U.S. is perhaps tldeveloped economy iwhich thetransitionfrom DB to D®as been

more pronounced. Using data from the Survey of Consumer Finances, Munnell and Sunden
(2006) show that about 62% efnployeeswith pension coverage in the U.S. in 1983 were
covered exclusively by a traditional P8nsion plan; an additional 25% were covered by both a

traditional DB pension plan and a DC plan. By year 2@fever,the proportion ofemployees
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covered exclusively by a traditional DB phed declined tanly 20%, and the proportion of
those coveredy both a DC plan and a DB plan had declined to 17%. The remaining 63% of
employees depended exclusively on a DC plan to finance their retirement, in addition to their

Social Security benefits.

A number of factors explain the decline in coverage by trawi#l DB plans in developed
SO2y2YASad ¢KS &LISNIFS O é firshdécadedr this cerifuryivithS S+ NI & LJ
declining stock market valuations and interest raf@®duceda dramatic versening of funding
ratios in most corporate and public [pBnsion plans, as assets declined while liabilities
increased. Numerous corporate DB pension plans disappeared, while marg/reihtlaining
planswere frozen for existing participantand closed to new participantiicreased global
competition in producimarkets has also madexpensive for corporations tgponsor

traditional DB plansespeciallyor those with a more mature employee population. Maishot

all of youngercorporationsdo notoffer DB plans, and optsteadfor offering DC plans. The
signficant increase in dependency ratios in deveddgconomies is also affecting the funding
cost of publicly sponsored DB plans. Increased flexibility and mobility in labor markets also

favor the adoption of DC plans for tin@ortability.

Many of the factos driving the transition towargla DC system in developed economies also
affect developing economies. Developing economies are generally open economies subject to
global competitionn product and capital market§heytypicallyhave highly flexible labor
marketstoo. Although demographic profiles are more favorable in many developing

economiesjn others such as those in Easteand CentraEuropepopulationagingis a concern



Thus it is perhaps not surprising that as they create pension systems foethpioyeesn the
wake of the sustained economic growth of the last decade or, twost of these economies
have chosertio offer DGbased systems with mandatory participatiorstead of traditional DB

plans

Although Dé&based pension systems offer flexityiland portability, they also present important
policy challengesSection 2 ofhis article discusses some of the limitations ofliaSed pension
systemsand Section 3 discusseise current policy proposals to confront these limitations.
Section 4and Setion 5 examinghe economic argumemtfor the adoption ofsome of these
proposals, andhe design of investment options in DC pension systentkeveloping
economiedrom the perspective of the theory and practice of letrggm investing Finally,
Section Gresents a simulation study of the performance of different plan designs in a

realistically calibrated setting.

2. Policy Challenges of Defined-Contribution Pension Systems

DC plans are eminently sgjtiided In a typical D®@ased system,lpn partcipantsmustdecide
on their own how much they want to contribute to the plan, and hibvey want toinvest ther
contributions. Plan sponsoedso have the option to makeontributionson behalf of the
participant,whichcommonlytake the form of matchingontributions i.e., contributions that
are made only if the participant decides to contribute on his owontfibutions from the

participant and the plan sponsor ausuallytax-exempt up to a certain limit.



Unlike DB plans, whose assets are typicatiymaged by a team of investment professionals
hired by the plan sponsor, DC plans are, rabtieast not in the part that concerns the asset
allocation decisioninstead, pan sponsors or regulators typicafiglect a number ohvestment
optionsto makethem available to plan participantgften offer themeducation materials
abouthow to makeprudentinvestment decisions, andesignate a specific investment option
as the default option inhe plan. This is the fund imhich plan contributions are investedhen
the plan participant does not make an active investment choice, i&ytond that, each

individual participant is responsible for deciding how to best invest his contributions.

For a seldirected DC plan to work, one needs to believe that plan paditis can make sound
saving and investment decisions, or at least that they can learn how to make those decisions.
Unfortunately, the existing evidencén the U.Sabout the behavior of plan participants

regarding contribution and investment decisiasigggests that too many participants dot

appear to make sound saving and investing decigidtwgtola and Utkus 2009, Viceira 20Q7a

Three problems i@ of particular concern. First, participation in these plans appear to be
relatively low when it is Mantary; those who participate tend to choose relatively low
contribution rates, eveithe plan sponsooffersmatching contributions. Second, plan
participants appear to suffer from inertia in their investment decisions. They tend to rebalance
their portfolios very infrequently, and many simply let their contributions go into the
investment default option in the plan, regardless ofetiter this investmentoption is

appropriate for them or nat Third, investment portfolioare often not adequately diverssd,

suffer from performance chasing, or contain excessive holdings of a single investment option



such as company stock. These problems tend to be more prevalent among participants with low

income and low education level€&mpbell 2006Calvet, Campbell,ral SodinR007,2009).

The existing empirical evidence about participant behavi@@pension systems in developing
economiess scant. Howevethe limited existing evidence suggests that participants in those
plans suffer from the same saving and invesnt maladies aplan participantsn developed

economies. In particular, low savings and inertia appedra widespread in these plans.

While participation is typically mandatory in DC penssgatemsn developing economiesuch

as thosean Latin Ameica and Central and Eastern Europeaffects only those with stable
employment in the formal sector of the econonBecause the informal sector is relatively large
in many of these economies, and employmésds to beless stable than in developed
econamies,these systems suffer from low contribution density and irregular contributions over

the life cycle of a significant fraction of the working population.

The Chilean experience suggests that participants in these systems also suffer from investment
inertia. The Chilean system offers a handful of investment funds, each one designed to be
appropriate for participants in a particular age bracket. Participants are assigned a particular
ageappropriate fund when they join, and are expected to rebalance tdwatherage
appropriatefundsover time In practice, a large fraction of plan participants adibya default
investmentoption offered by the pension fundt the timethey join, and stayvith this fund

foreverafterwards.

The experience with DC plans suggests that many DC plan participants appear to be making

suboptimal savings and investment decisions. These patrticipants might benefihérang
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their assets manageprofessiondly, as itwould happenif they werein atraditional DB pension

plan. Yet forces of global competition might make difficult to move back to the traditional DB
based pension systenideally, it would be desirable to have a pension system that preserves
portability and flexibility, while minimizing épotential costs of selfirected investing and

saving by individuals with lack of financial sophistication. Recent developments in pension fund
design as well as in the theory of letegm asset allocation suggest that it might be possible to
move in ths direction.If appropriately designed, a few investment options might suffice to

achieve adequate diversification and rebalancing over the life cycle of a typical employee.

3. Innovations in Pension Fund Design

In recent yearsinstitutional investors, regators, and academics hapeoposed changes to DC

plans thataddresthe problems ofsuboptimal contribution and diversification choices of DC

plan participantsin essence hese proposalstry turnA Yy S A Yy ENB A Ay a2 | a¥F2
goock by introducing default contribution and investment optiot&t help participants

overcomelow contribution rates]ack of rebalancing and investment diversification, and other

investment maladies.

Two proposals have been particularly successful, partigudgter the enactment in the U.S. of

the Pension Protection Act of 20Q8iceira 2007a)which has provided legalumbrellafor

their adoption by DC plans. One of them is the adoption ¢b@atic enrollmentclausesn DC
pensionplans along the linegroposed by¢ K £ SNJ FyR . Syl NGT A éunnno0 A
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The second ones the adoption as a default investment options in DC pension plans of
investmentfunds that provide investors with automatic rebalancing and diversificammoss
asset classe@/iceira 2007h) Theseare two main types ofunds: LifeStyle or Balanced Funds,

and LifeCycle Funds.

Life-style funds, also known dsalancedfunds are fundswhich automaticallyebalancetheir
holdingstowardsa target aset mixthat remains constant over time. For example, a fund might
target a60%40% mix of stocks and bonds; periodicaie fund sel some of the holdings of

the asset clasthat has outperformed over the period, antsesthe proceedgo invest in the

asset class that hasmderperforned as to keep the mix of stocks and bondghe portfolioon

target. Plan sponsors typically offer a collection of these fyrsdgh one with a differertarget

asset mixInvestors are expected to choose the fund that toiis their risk toleranceThese

funds have been widely adopted by sponsors and regulators of DC pension plans in developing

economies.

Life-cyclefundsalso rebalance automatically towards a target asset idbwever, this target
asset mix does not stayonstant over time; instead iecomes incrasingly conservative over
time until it reaches a certain target datat which point the target asset mix remains constant
For example, aypotheticallife-cycle fundwith a target dateset in 2045and a fiveyear glide
path might startwith an initialtarget mix of 90% in stocks and 10% in boridse fund will
automatically rebalaneits holdings towardshat target during the first five years of life of the
fund, at which point the target mix becomes%®5n socks and 5% in bondsevery five years

the stock allocation ithe target mix decreases by five percentage points, eordespondingly



the allocation to bondsncreasedy five percentage points, until in year£®the target mix

becomes20% in stocks ah80% in bondand stays there thereafter

Plan sponsors typically offer a collectionlitd-cyclefundswhichdiffer on their target date

with funds with closer dates starting at more conservative allocatitmgestors are expected to

choose the fundvhosetarget dateis closest to their expected retirement date. These funds are

becomingwidely adopted by plan sponsors in DC pension plans in the U.S., particularly after the
d{ d S5SLINILYSYdH 2F [02N) KIFIa 3INIydaheseplansaal F5

as prudent default investment options in DC plans.

4. Life-Cycle Investing

Lifestyle funds are based onfh A R S I -bage#d investidg,arithe advice common among
professional investment advisors, thanservative investors target a lowstockbond asset
ratio than aggressive investoisife-cycle funds on the other hand are based on the idea of

& | Ba&Sed investing or the idea also common among professional investment advisors that

investors should target a lower stotiond asset rab as theyage.

Of course, conventional wisdom is not necessarily based on a solid scientifaation.
Howeverthe modern theory of longerm asset allocatioiCampbell and Viceira 200@)pes
provide a rationale for the asset allocation strategies pacsby both types of fundg his point

is developedn Viceira 2009) which argues thatfe-cycle investing is a more appropriate asset

allocation strategy from the perspective of working investors.



To understand why, it is useful to consider the balasbeet of a typical working investor

(Figure 3. Working investors have two main assets in their balance sheets. One is their financial
wealth, which they can easily trade and spefdhe otherasset is their human wealtigiven by

the present discounted vae oftheir expected future labor earnings. Unlike financial wealth,
human wealth is not tradable. Working investors can anbnetize the dividends paid out by

their human wealth, which are their labor earnings.

For a typical working investor, human wiksatepresents that largest fraction of his total wealth
at ayoungworkingage. The reason is that the investor has an expecteditife of labor
earnings ahead of him, while he has iyet had an opportunity to accumulate substantial
savings. But, as thiavestor ages, financial wealthcreaseshrough savings anthe returns on
invested savingsvhile human wealth shrinks as there desver years of expected labor
earnings ahead of him. Théisancial wealthrepresents thdargestfraction of total weath

whenthe working investor approachestirement.

These considerations raisee question of how working investors should take into account

their human wealth when deciding how to invest their financial weakbr working investors

with safe jobs, humawealth represents a buffer against adverse outcomes pitaamarkets:

They can finance consumption out of their stable labor earnings, and they can even replace lost
financial wealth byncreasing their labor supplyherefore, fom a financial perspéwe, the

human wealthof working investors with safe jolis equivalent to holding an implicit

investment in bonds. These bowmdjuivalent holdings are large when the investor is young, and

decline as he agd&igure 3.



This economic argument suggests tifahis investor is willing tear financial riskit makes
sense fohim to tilt the composition of his financial wealth towards risky assets such as stocks
when he is youngand tilt it away from stocks as he growder (Bodie, Merton, and

Samuelson 1992). his precisely the type of investment strategy built into-tfele funds.

In practice, howevenvorking investors face uncertain lifane labor earningsOn the
downside, hey might experience periods of un@hyment,adverse professional
developments, declining real wages, or permanent disability. On the upside, they might
experience unexpected positive developmestgh as promotions or job offer§hese adverse
or favorablecircumstances can be due porely individuatspecific reasons dp

macroeconomic conditions.

Thusfrom the perspective of Financene can think of human capital agiskyasset As such, it
issubject to both systematior macroeconomigelatedrisk and idiosyncratior individuat
specific risk. Unlike tradable financial assetslividuals cannot ameliorate thdiosyncraticaisk
embedded in their human capitétrough diversification. Instead, the ndiguid nature human

wealth implies that theyare forced to beartheir human capitatiskentirely.

Viceira (2001) studies the impact of both idiosyncratic and systematically labor income risk on
portfolio choice.This studyfinds thatworking investorshould optimallyreduce their exposure

to stocksif idiosyncratic labor income unceitdy increases. Howevett, is still optimal for them

to follow a path in which they allocate mooé their financial wealttio equities when young,

and less as they age.
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By contrast, this study finds that asset allocation over thedyfele is highly sensitive to the
presence obystematic risk embedded in human capital, whith study measureas the
correlation of labor income with stock return& positive correlation leads to a more
conservative allocation path over the liycle For a high enough correlation, it might even be
optimal for younger investors to tilt their allocations towards bonds, not stdcitsitively, this
results from the fact that a positiveoarelation between labor income and stocks means that

KdzYl'y OFLAGIE AAS¢éYERBYSED620R

Figure3 illustrates this finding. It plots the lifeycle allocatiorio stocks and bonds of financial
wealthfor an investor whose risk tolerance such that hés comfortable holdingn overall

exposure to equities equal to 60% of his total weakihen human capital is completely

riskless (Panel A), the investor allocates his financial wealth to stocks for most of his working
life, andstarts albcating part of his financial wealth to bonds only as he approaches retirement.
By contrast, when human capital is highly correlated with stocks, with an implicit exposure to
stocks of 65% (Panel B), tlife-cycle allocation path reverses. Tinwestorallocates his

financial wealth to bonds early in his working in life, and starts increasing his allocation to socks
only as he approaches retirementherefore,investors whose human capital is highly

correlated with the overall economy might want to foll@life-cycle path of investing which is

the opposite to what standard liteycle fund follow.

Figure3 exemplifies twgperhapsextremecharacterizations of human capitaéh recent work,
Viceira (2001)CoccoGomes and Maenhout (200K ptlikoff, Gomes, and Viceira (20G8)d

othershave exploredvhether the basic conclusions about investing over thedyfele with safe
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human capital holdinder arealistic characterization dabor income ¢r human capital)isk.
These studies find thahe basic conclusions of the stylized model oftifele portfolio
allocation with riskless human capital still hold for plausible specifications of both systematic

and idiosyncratic labor income uncertainty, albeit along more conservativeyldie pahs.

Figure4 summarizes the results from these studiegelproduces the optimal lifeycle
allocation path to stocks and bonds foundGomes, Kotlikoff and Viceira (2008his study
presensa model of optimal lifecycle consumption, labor supply, assecumulation, and
portfolio decisions calibrated to match the typical difgcleworking hours andvageprofile of a
high-school/college graduate in the.8, as well asistypicalfamily sizehousing expenditures
and Social Security benefitBhe alle@ation path shown in Figuassuma a moderately risk
tolerant investor who on average would like to hold exposure to stocks ipdntfolio given the
positive risk premium on stock3te allocation to stocks over the life cyadelarge early in the
life-cycle, and declines as the investor agBsis allocation path is considerably more
conservative than the allocation path for the investor with perfectly riskless human capital
shown in Panel A of Figure Bhe investor starts allocating to bonds atearly age, and the

allocation to bonds increases rapidly in middle age.

It is important to notethat the path shown in Figure&so assumes that the investor will
receive Social Security benefits in retiremdntthe absence of such benefits, thbocation

path in Figure 4 would be more conservative, though it would still have the same qualitative
shape. To understand why Social Security benefits make working investors more willing to

assume stock market risk in their financial portfolios, notatttmese benefits are functionally
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equivalent to receiving a riskless stream of labor income in retiremésihg the same logic to
understand human capital as a financial asset, it is immediate to concludgottial Security

0 Sy STAlGat k NSds dushPll Rake the investor more willing to hold stocks in his
financial portfolio. Thuthe optimal lifecycle allocation path foemployeeswvho expect to
receive traditional pensions in addition to the assets they accumulate in their D@ ptaore
tilted towards equities than it wouldtherwisebe in the absence of traditional pension

benefits.

The asset allocation path shown in Figdrie based on the estimatddborincome uncertainty
faced bya high school or a college graduaethe U.S. In deeloping economies, income
uncertainty is likely to be exacerbated. One might also expect more dispersion in income
profiles as well as in income uncertainty across the populatiacordingly, the optimal life

cycle asset allocation path for a typical Wimg investor in these economies is likely to be more
conservatie than the one shown in Figure dlthough it is unlikely that it will be similar to the

reversed path showin Panel B of Figure 3

In summary, under plausible characterizations of laboome uncertainty, human capital
arguments provide support for the aglkased asset allocation strategies that4dgcle funds
follow. It also provides a rationafor adopting these funds as default integent choices in
pension plansThereremain howeve, a number oimportant questions that needareful

consideration.

First,one important question is what specific litgcle path toadopt inlife-cycle fund offerings

Thisshould depend on a careful assessment of typical labor income profiles in eaatnyco
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Section6 offers a simulation study for one developing economy, Chile, for which data on labor
income profiles is availabl& second important questiors aboutthe composition of the

portfolios included in these fundmnd, more generally, in the investment options offered in DC
plans. Athird question is how many options should be offered in DC pension plans. Is it enough
to offer asinglelife-cycle fund ashe onlyinvestment optionavailable to plan participants®

fourth question is the evaluation of performance of funds. The remaining oathde

addresses thee questions.

5. Pension Fund Design in Developing Economies

The theory of longerm asset allocatiomlsoprovides insights for the design of investment
options in DC pension plans the context of developing economiggnsion fund design
needs to address threparticularly relevantssues the composition of fixedncome portfolios,

the composition of equity portfolios, and currency hedging.

5.1 Fixed Income Portfolios

Most investment choices in DC pension plans in developing economies astyliédunds
which, as a result of regulatory constraintsnd to load heavily on fixed income instruments.
Moreover, these large fixed income allocations tend&highly concentrated in domestic
government bonds and cash instruments (skieMm government bonds, money market
instruments, and deposits.able 1shows the portfolio composition of a cressction of
mandatory DC pension funds in developing econoragsf December 2007. With the

exception of Chile and Peru, all the funds have allocations to domestic government bonds and
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stablevalueinstruments well above 50%n the case of Uruguay and Slovatkia allocations

are ashigh as 95% and 85%&spectivey.

This heavy allocation to cash instruments, stable value funds, and domestic government bonds
is probably driven by two major factors. Finstmight be rooted in theconventional wisdom in
investingthat regards cash instruments and stable value funds are the safest asSetand,

fiscal deficit financing consideratioase most likely also at play, particularly in explaining the
allocations todomesticgovernment bondsUnfortunately, the modern theory of longerm

asset allocation suggests that thbemmon practice of requiring pension funds to hold large
holdings of domestitong-term nominalgovernment bonds and deposits cashlike

instrumentsis not in the best interest of plan participants and shouldd&@mnsidered, even if

the ultimate goal is to provide plan participants with safe investment options

Cash instrumentsnd stable value fundare not safe assets for lostgrm investors, because

they are subject to reinvestment risBecause of their short nbarity relative to the investment
horizon of most plan participants, lofigrm investors need tdollow a strategy of rolling over
these instruments athey mature. This strategy is risky, becausereal rates at which
investorscan reinvestheir cashholdingsmove considerabland persistentlyover time

(Campbell and Viceira 2001, 2002, Caeipy Sunderam, and Viceira 2Q0B particular, as the
most recent experience suggests, low real interest rate regimes can persist for long periods of
time. Thes instruments are also subject to shaerm inflation risk While this is not a concern

in developed economies with stable inflation, it can be an important conicedeveloping

economieswith volatile inflation.
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Longterm bonds protect investors from mevestment risk, because falls in interest rates are
compensated with capital gains in the value of the bdBdt longterm governmentbonds are
typicallyinstruments whose coupons and principal are fixed in nominal terms.nTdkes them
risky investmentsor longterm investorsbecause they are subject to lotigrm inflation risk: f
realized and expectefiiture inflation turn out to be larger thathe rate of expected inflation
built into price of the bondt the time of its acquisitiojthe purchasing power of the coupons

and principal of the bond will be erodednd the bond will also experiment capital losses

Unfortunately,inflation risk can be important a long horizonsxpected inflationn developed
economiesmoves considerably ovéime, and experiments both temporary and highly

persistent changes (Campbell and Viceira 2001, 2002, Campbell, Sunderam, and Viceira 2009)
In developing economies, lorigrm inflation risk is likely to be exacerbated, as the inflation

experiences of mangf these economies suggests.

In inflationary environments, the only asset class that provides investitih protection from
real interest rate uncertainty and from inflation uncertainty is inflatiotked bonds. Lonterm
inflation-indexed bonds (TIPStime US) protect investors from inflation risk by providing a
predictable stream of real (inflatieadjusted) income. They protect investors from falls in

interest rates because their prices adjust inversely to movements in real interest rates.

An investmat in nominal bonds is a bet that inflation risk will be negligible in the future or
from a speculative perspectivihat the economy will go through a period of deflation. In
deflationary environments, inflatioindexed bonds still protect investors berse their

coupons and principal are constant in real terms. While {tmmy deflation is certainly a
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possibility, experience suggests that inflation is probably a bigger threat in developing

economies.

Inflation-linked bonds have been labeled in the popuiaancial pressasy al £ G SNY I G A @S
GSE20A0¢ | a&as itermdibflatdriintexed bohds BrieditieFaltefnatiyeshor

exotic: They ar¢he true riskless asset for loagrm investors As such, they shoultke at the

core of the fixed incomewvestment options offered in any DC plan, and at the core ofikeal

income allocation of lifeycle fundsand lifestyle funds Those plans which are oriented

towards providing investors with a riskless default investment option should consider making

an inflationlinked bond fund the default option for active participants in the plan.

Perhaps one reason why inflatidimked bonds arsometimedabeled agexotic assetsis
because they are not readily availableniany economies, particularly in devpiag

economies. Howevethe experience has been that, when issued, there is ready derfaand
these bonddrom longterm investors such as traditional DB pension funds, endowments, and
individualinvestors saving for retirement. Today, governments andchguévate issuers in

many developed economiessueinflation-indexed bonds on a regular bagisaking these
bondsreadily available to investors. Governments in some developing economiealsave
started to issue such bongi& some countries like Chjlmflation-indexed instrumentfave a

long tradition, and thewre the most liquid government bonds.

From the perspective dbng-term investors, particularly working investors saving for
retirement through DC pension plartbe issuance of inflatioimdexed bonds by governments

is welfare improvinglssuance of these bonds should also help governments reduce the cost of
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public deficit financing, since these bonds do not require compensation for inflation
uncertainty. Of course, by eliminating the abilityinflate away government debt, these bonds
are in some ways akin foreign-curreng/ denominateddebt, in the sense thastraightdefault

is the only possible way of reducing payments on these bonds.

In the absence of locatflation-linked bonds, Camplile Viceira, and White (2003) show that
investors in countries with volatile inflation at sheand at longhorizons can still gain inflation
protection. They can do sby holding shorterm bonds denominated in foreigeurrencies with

stable inflation ad real interest rates.Section 5.3 below discusses this strategy in more detail.

Inflation-indexed bonds provide the safest investment option for working investors. However,
older investordace longevity risk in addition to real interest rate risk arfthtion risk.

Standard inflatiorindexed bonds do not protect investors from longevity risk. However,
inflation-indexedannuitiescan and they should bat the core of the options offered to plan

participantsabout to retire oralreadyretired.

5.2 Equity Portfolios

In most developing economigpension fund regulatiaslimit the exposure to equities, and
particularly the exposure to international equitiesf, DC pension plan¥Vhile limiting overall
equity holdingsmake sense if the plan regulator wantsset limits to the maximum risk
exposure in the plan though it should never be an excuse to implicitly make pension funds
finance domestic fiscal deficits by forcing them to increase their holdings of government
bondg , limiting international equity expgure might not be in the best interest of plan

participants
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International diversification, with currency risk appropriately hedged, should have a first order
positive impact on improving the rigketurn tradeoff in equity allocationdn their classical

study on the benefits of portfolio diversification, French and Poterba (1991) found substantial
gains forU.S.investors from international equitgliversification. These gains came from the

historical imperfect correlation across international equity masket

Although correlations of global stock markets have increased in recent tingar€5), recent
studies confirnmthe benefits of international diversification in equity portfoli@)d show that
these benefits extend to investors in most developed ecuoies (Dimson, Marsh, and Staunton
2002. Campbell, Serfatge Medeiros, and Vicein@009)also find benefits to international
diversification inbond portfolios Goetzmann, Li, and Rouwenho{2004)take the long view,
andshow that the correlations ahternational equity markets vary considerably over time. This
variation appears to be related to varying global economic and financial integration, with
greater average correlation at times of increased integration. To the extent that globalization
mightnot be a permanent phenomenon, the current lower (but still substantive) gains from

international equity diversification might underestimate the leng gains.

The benefits of international equity diversification are most likely to be even greater for
investors based in developing economiegvBloping economies are typically characterized by
small national stock markets subject to significant cowsgcific risk For example, many of
these economies do not have a widely diversified productive sectoirestelad are heavily
concentrated in specific industries or services. Thiscaskbe ameliorated through

international diversification.
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Equity allocations imvestment options irDC plans in developing economgsuld be held in
the form of internatiorally diversified portfolios, with benchmarks oriented to reflect the

performance of the world stock market portfolio rather than the local stock market.

5.3 Currency Hedging

An important decision for internationally diversified equity and bond investais decide how
much to hedge of the currency exposure ingftlin their portfolios.A conventional practice
among institutional investors in developed economies is to fully hedge the currency exposure
of their international holdings of equities. This priaetis optimal when equity excess returns
are uncorrelated with currency excess returns (Solnik 19@dged,Perold and Schulman

(1988) find that US investors can reduce volatility by fully hedging the currency exposure

implicit in internationally divenfied equity portfolios.

However,if equity (or bond) returns and currency returns are correlatied,currency hedging

will not be the best approach to reduce portfolisk For example, if investors hold a portfolio

of international equities, and exceseturns on foreign equities are negatively correlated with
foreign currency returns, holding currency exposure can help investors reduce the volatility of
their speculative portfolio. Thus not hedging rather than hedging is what helps investor reduce

portfolio risk.

Campbell, Serfatde-Medeiros, and Viceira (2008xamine whethercurrency returns aren
fact correlated with thereturnson portfolios of international equities and bondser the
period 19752005, and derive the optimaisk-minimizing curency hedgingpolicyfor

internationally diversifiedond and equitynvestors implied by those correlations

~ 20~



They find that currencies traditionally considered as reserve currencies by international
investors such as thdS dollar, the Euro, and the Swisenc tend to be negatively correlated
with global stock marketsThese currencietend to appreciate when global stock markets,fall
and tend to depreciate when global stock markets rse immediate implication of this finding
is that investors seeking minimize the currency risk of their portfolios should not hedgeitth

exposure to those currencies in global equity portfalios

By contrastthey find thatcommoditybased currencies such as the Australian dollar or the
Canadian dollar tend to be posiely correlated with global stock marketshile other major
currencies such as the British pound or the Japanese yen are largely uncorrelated with global
stock markets. Thusvestors should fully hedge thexposure to those currencies in equity
portfoliosin order to minimize portfolio risknithe case of commoditipased currencies, is

even optimal tohold short positions inthem that gobeyondthose required byull hedging.

In summary, they find that is not optimal for internationally diverfs&éd equity investors to
apply a single hedging policy across all major currenciesduce risk Ratherthey should
presene their exposure to reserve currencigshile hedging the& exposure to all othemajor
currencies Their study shows that investdrased in developed economiean achievéiighly
economically and statisticallignificant gains relative to standacdrrencypolicies such as full

hedging, no hedging, or hafiedging.

The recent financial crisis of @8 has provided an informal corroboration of their findings, as
reserve currencies have tended to strengthen, while commodity currencies such as the

Australian dollar or the Chilean peso have strongly depreciated.
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Investors in developing economies holding internationally diversified equity portfolios are likely
to hold a very high proportionf their portfoliosin the stock markets of developed economies.

As suchthe conclusions from the Campb&erfatyde-Medeiros-Viceira study apply to them.

In fact,Walker (2008jinds that reserve currencies tend to appreciate with respect to emerging

market currencies when global stock markets fall.

Interestingly, Campbell, Serfatie-Medeiros, and Viceira (2009) find that gid bond market
returns are mostly uncorrelated with currency returns. They shiat currency exposures in
internationally diversified bond portfolios should be close to full hedging, with a modest long

exposure to the US dollar.

There is an additional gument for longterm investors in developing economies to hold
exposure to reserve currencies. It is well known that holding foreign currency exposure may
help reduce total portfolio volatility when there is no domestic asset that is riskless in real
terms (Adler and Dumas 1983). At shdmbrizons, this effect is unlikely to be important for
investors in developed economies with stable inflatibat it can be important for investors in

developing economies with volatile inflation.

At long horizons, CampbgViceira, and White (2003) show that investors interested in
minimizing real interest rate risk can do so by holding portfolios of sieonh government

bonds denominated in euros and US dollars, because these two currencies have had relatively
stable nterest rates. In other words, in the absence of inflatindexed bonds denominated in
local currency, bills denominated in reserve currencies can helpt®nginvestorsmimicthe

properties of those bonds.
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The ability of reserve currencies to hedgadderm real interest risk and inflation risk should
be especially attractive ttong-term investors in developing economiés at least two reasons.
First,inflation-indexed bonds do not exist in many of these economies,inds been argued
that the inflation protection and interest rate risk protection they provide is important for long

term investors. Second, bonds in those currencies are unlikelgfiult.

In summary, all these results suggest thederve currencies the US dollar and the eutrocan
help longterm investors in developing economies to reduce skiertn and longterm portfolio
volatility. These currenciesanprovide anattractive and stablestore of value fothese

investors, particularly for DC plan participants.

6. Performance Evaluation of Investment Options

The distribution of wealth at retiremerdccumulated undedifferent fund designsn DC plans

is of interest to sponsorgarticipants, regulators, angolicy makers. This distribution depends
on two key factors: The inconmofile over the lifecycle of the plan participant, which
determines contributions to the plamand the risk and return of the asset classes included in

the fund.

FollowingPoterba, Rauh, Venti, and Wise (2005, 2009), this section follows a simulation
approach to obtain this distributiofior a base countryChile, for whichthere isready
availahlity of data on lifecycle earnings for plan participants, aredatively long data series for

domesticinterest rates and stock return3his exercisprovidesa sense of the performance of
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different funds over thavorkinglife-cycle of a plan participant facing realistic{tfgcle earnings

growth, earnings uncertainty, and capital markets expected return and risk.

6.1 Labor Income Profile

Studies of labor inaoe profiles over the lifeycle Carroll 1997Gourinchas and Parker 2002
Hubbard, Skinner and Zeld&995)find that the typical earnings profile is hunrghaped,

subject to randonshocks On averagdabor earnings tend to grow in the early part of thiedi

cycle of the employee, reach a maximum around-iii& and experiment a decline afterwards.
This shape is driven by a combination of increasing wages and labor supply early in life, and a

decline in labor supply late in life (Low 2005, French 2005,65pKotlikoff, Viceira 2008).

In their study of plan participants in the Chilean pension system, Berstein, Larrain, and Pino
(2006) find a similar invertetd shap€dor a typicalcontributor to the systemFigure6
reproducegheir estimatedlife-cycleearnings profile for a typical Chilean madarticipantin
constant Chilean pesos of 2004. This profile ishhgs for the simulation daborincome

historiesin this study.

Of course, as noted in Section 4, labor earnings are not deterministic. Theylgeet to

random shocks that make future labor income uncertanindividuat, andresult in
considerablalispersion in theealized labor income profiles of working populatioMstChell

and Turner, 200B Labor earnings are subjectitandom shocks wikh have a permanent effect

on the level of earnings achieved by the individual, and shocks whose effect on earnings is only

transitory.
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Formally, labor economists findahempirically labor earnings over the life cycle can be

modeled as

ye = f(t) + v + &

vt == vt_l + ut

wheref(t) describes the deterministic aggependent component of earnings with an inverted
U shapgFigure §, u; describes the permanent shock to labor earnings, ‘Grakscribes the
transitory shock. Both shocks are assumed to beawurelated both longitudinally and

temporally, and normally distributed.

There are currently no studiegout the size othese shocks for plan participants in mandatory
pension funds in developing economies. However, there is empirical evideadableabout

their sizefor U.S. workersCocco, Gomes and Maenhd@005 estimate theannual standard
deviation of these shoclat 10.95% and 13.89%, respectively, though half of that is attributed

to measurement error. The simulations included irsthiudy use these magnitudes with no
downward correction for measurement error as estimates of the volatility of the shocks to
working investors in developing economies. Thus the simulations assume effectively that labor
income uncertainty is much more prmounced in developing economies. This might be in
practice a prudent assumption, given there precarious nature of employment in these

economies.

Figure7 shows the impact othis uncertainty on the distribution of annual labor income the

final yearof employmentbefore retirement This simulation is based on 100,000 replications of
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the labor income process witthe ageprofile f(t) shown in Figure Gassuming that the
individual joins the labor force (and starts contributing to the plan) at age 21 vathréng

salary ofCh$62,500 per annupand retires at age 65.

This figure illugatesthat the impact of labor income uncertainty on final salayhighly
significant.The median of the distributioof final salaryis aboutCh$1@,000, and the mean is
about Ch$140000. The standardieviationof the distribution is, aCh$116,500larger than the
median, and iimplies alargedispersion in potential outcomes. The fifth percentile of the
distribution is about Ch$32,500 and the first percentile is abd#20,000, or less than one
third and one fifth of the median final salamespectively.At the right side of the distributian

the 95 percentile and the 99 percentile are Ch$396,6nd Ch$585,200 respectively.

Sincepension plan contributions are typilby proportional to earnings, this implies that the

range of potential outcomes in pension assets at the end of the working life is going to be very
large, even if these contributions are investedh no risk at all Thus income uncertaintyill
generatesizable uncertainty about asset accumulatiorretirement, regardless of whether the

plan takes investment risk or not.

6.2 Capital Markets

The simulations consider four asset clas3és. first one is domestic stockshich in the
simulations iproxiedby the MSCI Chil€otal Return Stock Index. The second one is the world
stock market portfolb which, consistent with the discussion about currency hedging in Section

5.3, isproxied by the MSCI Worlbotal Return Stock Index dollar terms andinhedged The
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third one isdomestic governmeninflation-linkedbonds(ILB), and thefourth one isdomestic

nominalgovernment bond¢Nom Bonds)

Thesimulation of theperformance of these asset classes asssthat their returns are
uncorrelated over timeand lagnormally distributed The assumption of temporal independence
is a conservative assumption, becausigitoresthe possibility that stock returns might be
predictableor meanreverting(Campbell and Viceira, 1999 ean reversion in returns implies
that risk issmaller at long investment horizomisan at short horizons, while temporal
independence means that risk is independefntnvestment horizorf{fCampbell and Viceira

2005).

Table 2presents the capital market assumptions of the simulation exer&pecifically, it
presents themean, standard deviation and correlation structurecontinuously compounded
(or log)real returns on the four asset classes. These moments are consistent with the historical

experience.

The mean and standard deviationreturns in the MSCI World unhedged portfolio correspond

to the period January 1984#April 2008 while the moments for the MSCI Chile portfolio

correspond toa somewhat shorter period, January 1988ril 2008. Thiperiod excludes the

the Pinochet regime ahtheLISNA 2 R 2F KAIK Ay FElLaGA2y [/ KAES € A
SoSyiGa 2F SEGNBYS g2t GAtAGe &adz0OK | 4,thaKS SYSN.
globalstock market crash early in thigntury, and important capital marketeforms in Chile

The mean log real return on the world stock market portfolio and the domestic stock market

portfolio are very similar at 7.7% and 7.6% respectively. However, at 22% the volatility of the
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domestic stock portfolio is about 30% higher ththe volatility of the world stock market

portfolio, with a correlation with the world stock market portfolio of 34%.

The higher volatility of the domestic stock market portfolaative to the world stock market
portfolio implies that while the mean logeturns are about the same for both stock portfolios,
the expected mean simple real return oretdomestigportfolio is larger than the expected
return on the world stock market portfolio. Specificallye capital market assumptions in Table
2 imply thatthe expected simple real return on the domestic portfolio is 10%, while the

expected return on the world stock market portfolioli§0 basis points lower &%?

Theaverage log real return on inflatieindexed bonds is assumed to be 2.8%, roughly the
current yield on Chilean lontgrm inflation indexed bondsThe simulations assume that
investors can get this return with zero volatili9f coursejn practiceinflation-indexed bonds
have nonzero volatilityat short horizonsSince we are interested onily the longrun
performance of the asset class, tlissumption is a simple way of capturing the fact that

inflation-indexed bonds are riskless at long horizons.

The historical average real return on nhominal bond instruments in Chile has been negative in
most periods, reflecting large inflationary surprises. However, it is unlikely that investors
expected a negative real return at issuance of these bonds. Consistent with the idea that
investors should demand a positive risk premium on {@rgh nominal bond, the simulations

assume an mean log real return on nominal bonds of 3% per annum, with a standard deviation

#Mean simple returns and mean continuously compounded returns are different when returns are volatile. Under
the assumption of lognormality, the mean simple return is equal to the mean log return pldsatine variance

of the log return, and approximaty equal at small intervals otherwise. The mean simple return determines the
expected future return.
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of 10%, zero correlation with the world stock market, and a 25% correlation with the domestic

stock market.

6.3 Investment Strategies

To understand the implications of labor income uncertainty and capital market risk for asset
accumulation over the lifeycle, this study considesi®teen different investment strategies or
hypothetical funds. The first four strategies consider pure investmentadh asset class:
government nominal bonds, government inflatiamdexed bonds, domestic stock market

portfolio, and the world stock market portfolio (unhedged).

The next four strategies are l#gyle or balanced fund®ach one investing 60% in bonds and
40% in stocks. The bond portfoleeither 100% invested inominal bondsor 100% invested in
inflation-indexed bondsThe stock portfolio can be eithéhe domestic stock market portfolio

or the world stock market portfolio

The next eight strategies are kfgcle funds, with two main lifeycle investing strategies.
Lifecycle 1 considers a stebknd portfoliowhich is invested in 80%10%stockbond portfolio
for the first twenty years ofhe fund, and gradually changesiimix until it reachesa 50%50%
stockbond portfolio at retirementage Lifecycle considers a strategy that starts with 99%
10% stockbond portfolio and starts immediateledudngthe stock allocatiomuntil it reachesa
509%50% stockbond portfolio atretirement. All life-style and lifecycle funds are rebalanced on

an annual basis.

Theinvestmentstrategies are simulated under three assumptions about labor earnings. First,
labor income is assumed to be nstochastic, so thay; = f(t). Second, laboncome isassumed
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to be stochastic, andubject to permanent and transitory shook&ichare uncorrelated with
stock market returngnd nominal bond returnsThird, labor income i@ssumed to be
stochastic, andgubject to permanent and transitory shockéth permanent shocks to income
exhibiinga 50% correlation with domestic stock returns amttorrelated withworld stock

returnsand domestic bond returns

In each case, the contribution rate is set at 10% of the monthly s&atying the contribution
rate as a percentage of labor income reflettts standard practice in mandatory pension plans.
When labor earnings are stochastic, it afepscapture in the simulationthe impact on asset

accumulation of episodes of low or extremely low labor earnwfggarying length

Table 3presents ssummal ofthe main results of the simulation exercjséth afocus on the
pure strategies and the lifstyle and lifecycle strategiethat use inflationindexed bonds as
the basis for the fixed income allocatiofo facilitate interpretation, the tableeports the mean
and the standard deviation of accumulated assets at retirement under each investment
strategy as a multiple dhe finalannual salargxpected at the time the participant starts
working and joins th plan at age 21. The expected final salary is also reportenibhottom
row of the table.Tables 4, 5, and presentthe full distribution ofexpectedfinal salary

multiples for all sixteen strategies.

The first two rows offable 3 showthe results geneated by the pure bond strategies. The first
row of the table showshat investingon an inflationindexed bond fund leads on average to an
asset accumulatioequal to about 13 timesxpectedfinal salary when labor earnings are non

stochastic, and about1l5 times when they arélhis implies that a plan participanith mean
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realized earnings in his final year of woakd a life expectancy of 15 yeatretirement,would

have accumulatednder this optionenough assetto finance annual spendirduring
retirementequal to about 70% of his final salary. With a life expectancy of 20 years, the assets
accumulated at retirement would be enough to finance spending equal to about 50% of his

final salary.

Interestingly, despite this being a fully riskless stggteassets at retirement exhibit
considerable dispersioim the case of uncertailabor income The standard deviation of asset
accumulation as a multiple of thexpectedfinal salaryis slightlyabove 5. Of course, this
dispersion is entirelgttributable to uncertainty in labor income outcomes, not to investment
outcomes and it is consistent witthe dispersion ofinal salary shown in Figure Bable 5
shows that this standard deviation implies that t6& percentile of the distribution i§.5times
the expectedfinal salary This is abou24 times the5" percentile of the final salary distribution
(Ch$2,555). Therefore, a plan participant who ends up in the left tail of the distribution in
labor income outcomes would still have accumuthenough assets to finan@nual

consumption equal to 100% of his final salary féy2ars.

A strategy ofnvesting contributions in nominal bonds leads to a slightly higiverage

multiple of expectedinal salary(13.6x in the case of stochastic labocome) butat the cost of
amuch larger standard deviation otittomes (8.7x). Of course, this is the result of the
assumption that the expected return on nominal bonds is larger than the expected return on
inflation-indexed bonds, with a much largstandard deviationThis higher volatility tries to

capture the fact that nominal bonds are subject to inflation risk, which in developing economies
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can be significanEpisodes of large unexpected inflatiorayresult invery low or even
negativerealized eturnson nominal bondsFor exampleas it has already been noteih, the
case of Chile nominal instruments with maturities above one yewae taliveredaverage

negative returns during most periods in the last 30 years.

All other strategies underonsideration include investments in stocks, either the domestic
stock market or the unhedged world stock market. In general, every strategy involving the
domestic stock market resltn anaverage asset accumulatievhich is largethanthe twin
strategy that replaces the domestic stock market component of the strategy thidhunhedged

world stockmarketportfolio.

However this comesat a significantost in terms ohigher volatility. The increase in volatility is
particularly significant ithe casewhenlabor income is positively correlated withe domestic
stock market, whictarguablyisthe most plausible characterization of labor income uncertainty
in developing economiesThis is the case where deterioration in local macroeconomic
conditions ladsto both afall indomestic stock marketaluations, and fall in individual labor
earnings This resulten both lower returns and lower contributionsyhich together haven

important negative compoundingffect on asset accumulation.

The third andourth rows of Table Belpillustrate the impact of international diversification on
asset accumulationThesetwo rows reportthe outcomes ofnvestmentfunds fully invested in
either the domestic stock markebr the unhedged world market portfolicA strategy fully
invested in the domestic stock market results in the largesirage asset accumulatiarf all

strategiesunder consideratiopwhich standsat 79timesthe expected final salaiy the case of
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stochastic labor incomeDf course, thihighe mean asset accumulation is a direct effecthod
assumption that thelomestic stock marketas the largest expected return of all four asset
classesThe fund which is 100% invested in the world stock market portédioproducesa

largeaverage assedccumulationat 58.5 times expected final salary.

However the strategy of investing in the domestic stock market coraethe cost of avery

high dispersion in outcomeslhe standard deviation of asset accumulation at retirement is
almost 14%imes theexpected final salarwith correlated labor incomeBy contrastpy
investing instead in an internationally diversified portfolio of equitian participants can
reduce the volatility of asset accumulation at retirement more than 55% (61.5 times Vit5us

times), while still achieving significant average asset accumulation.

Interestingly, the benefits of international diversification are most apparent irstijée and in
life-cycle funds, where equity portfolios are combined with fixed income portgolio those
funds, replacing domestic equities with the unhedged world stock market portfolio leads to a
significant reduction in the volatility of asset accumulation (about 30%), with a proportionally

much smaller reduction in expected asset accumulation.

The rows in the bottom half of Table 3 allow for a comparison otijie funds and lifeycle
funds from the perspective of asset accumulation at retirement. Both types of funds provide
plan participants with a vast reduction in the volatility of assat retirement relative to the

pure equity strategies, while providing plan participants with substantial expected assets
relative to their expected final salary.ife-cycle funds provide plan participants with higher

expected assets at retirement, andus with the possibility of having higher replacement ratios
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for their earnings once they retire. However, they do so at the cost of increaseersiigp of

the possible outcomesNote however that e higher volatility and higher expected asset
accumulation of lifecycle funds relative to lifstyle funds is driven to a large extent by the
specific portfolio mix and glide paths for these funds considered in the simulafi®d€%, the
equity allocaton of the lifestyle funds is more conservative than the average equity allocation
of the life-cycle funds, whiclstartsat 90% and convergdo 50%in the final year before

retirement.

Interestingly,Table 3 shows thawhether the lifecycle fund startsle-investing in equities
uniformly from the first year of contributions or after 20 years does not appear to make a

significant difference in the distribution of assets accumulated at retirement.

Portfolio optimization considerations of the sort explainadsection 4 strongly favor the
adoption of lifecycle funds for DC plan participants. This section illustrates through simulation
that these funds do not perform worsend in most cases perform bettéran other plausible
alternatives in terms of the expéed asset accumulation at retirement and its volatility that
they can provideThis is particularly true when they goeoperly structured with inflation

indexed bonds andrainternationallydiversified equity portfolio

In practice, policymakers need tonsider whicHife-cyclestructure is more appropriate for the
population of participants in the fundKotlikoff, Gomes and Viceira (2008) examine the welfare
implications of adopting lifstyle funds and lifeycle funds in DC pension plans. They firad,th

controlling for risk tolerance, lifeyclefunds dominate lifestyle funds in the sense that they
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are closest to the optimal portfolio strategy a rational expected utility maximizing working

investor would choose.

However, they also find that the optial design of the glide path for l#gycle funds is sensitive
to the risk tolerance of the plan participarih particular, plan participants with very low risk
tolerance experiment significant welfare losses if they are forced to adoptyitée funds wth

the average high equity allocations whicleatandard in the industryyhich are optimal for
participants with medium risk tolerance. For plan participants with low risk tolerance)idie
funds with allocations heavily tilted toward inflation inkkxd bonds are optimaBodie and
Treussard (2007) find similar resylédthough they focus only on the expected utility of wealth

at retirement instead of expected lifeme utility.

7. Concluding remarks

Global competition and agirdemographidrends are éading to the widespread adoption of

DC plans athe mostimportant vehicle for retirement savings both developed and

developing economiesHowever, the experience of how plan participants choose to save and
invest through these plans has been mixelnPparticipants, particularly those at the lower
end of the distribution ofeducation and income levels, appear to make poor saving and

investing choices.

This article argues that amdatory participation with appropriately designed default

investment options in these plans can go a long walyeip DC plan participantsprove
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expected asset accumulation at retiremeanhd consequently their ability tepend in

retirement.

The theoy of longterm asset allocation provides guidance for the design of saving and

investing vehicles that can help investors save for retirement, and save themselves from their

26y GAY@SaltAy3 YIilIRASaAE 2N LlaeOroforal@A OF t O Al
adoption of agebased and riskased investing strategies as the basis for the construction of

default investment options in DC plar&mulations show that lifstyle funds andife-cycle

funds help improve averagesset accumulation at retireent relative to pure bond funds,

while drastically reducing the dispersionamftcomesrelative to pure stock funds.

This theoryalso providestrongsupport fortilting fixed income allocations in DC plans towards
inflation-indexed bondsand equity atications towardsriternationally diversified stock

portfolios. Empirical research on the correlation of global stock markets and currencies shows
that reserve currencies such as the U.S. dollar, the euro, and the Swiss franc tend to be
negatively correlatd with global stock markets, implying that exposures to those currencies in

equity portfolios should not be hedged from a portfolio risk minimizing perspective.

Forplan participantavhose labor earnings are not too volatile and not highly correlated with
stock returns, lifecycle funds aréetter default investment choices than lifgyle funds, money
market funds, or pure stock funds. Howeverakinga single lifecycle fund for each retirement
horizonthe only choiceavailable to plan participantsight not be optimalif there is
heterogeneity in the risk tolerance or in the human capital characteristics among plan

participants. In particular, participants with very low risk tolerance or highly uncertain labor
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earningsare likely to be better off withifie-cycle funds which are heauvily tilted towairdlation-
indexed bonds. Thus offering two sets ofifgcle funds, one with more aggressive equity
allocations and another one with more conservative equity allocations might improve the

overall welfare ofthe population of plan participants.
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Figure 1. Balance Sheet of Typical Plan Participant

A. Early in Working Life

M Financial wealth

M Human capital

B. Late in Working Life

M Financial wealth
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Figure 2. Balance Sheet of Typical Plan Participant
with a Safe Job
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Figure 3. Stylized Life-Cycle Asset Allocation

A. Riskless Human Capital
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Figure 4. Realistically Calibrated Life-Cycle
Portfolio Allocation
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Figure 5. Correlations Across International Equity Markets

A. 36Month Rolling Correlations of Total Returns on MSCI U.¢
Market Index with Total Returns on MSCI Worskk. U.S.
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