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A bstract
T hisarticlehasthreeobjectives.T he¯rstobjective isto presenta m icro-theory m odel
thatdiscussesa new incentive to trade:the mutualfund pricing m echanism .W elfare
theorem sshow thattrading issocially wastefulandthatthere isan alternative, Pareto
optim alpricing m echanism .

T hesecondobjective isto docum entthedistribution ofinvestm enthorizonsin a large,
proprietary panelofallinvestorsin oneno-loadm utualfundfam ily.T hisarticle isthe
¯rstknown directsourceofevidenceon no-loadm utualfundholdingperiods.M oreover,
it showsthat there are observable shareholdercharacteristicsthat enable the fund to
predictreliably which shareholderswillbelow duration andwhich willbehigh duration
by applying a single-spellduration m odel.

T hethirdobjective isto m easurethewealth transferthatresultsfrom trading activity.
T he shareholdersare divided into two groupsbased on theirexpectedduration in the
fund. Sim ulationsshow that the high-duration shareholdersreceive 45bp m ore each
yearin a fundrestrictedto theirtypewhilethelow-duration shareholdersreceive34bp
lessin a fundrestrictedtotheirtype.T hesepooling costsareconservative:splitting the
shareholdersinto m orethan two groupssubstantially increasestheseestim ates.

T he articleconcludeswith a discussion ofwhy m utualfundschooseto poolpredictably
di®erentshareholders.Policy im plicationsarenoted.
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1 Introduction

M utualfundsstandready each day to sell(buy)an unlim itednumberoffundsharesto (from )the
investingpublic.T hey arevirtualm eltingpotsofinvestors:households, pension funds, governm ent
agencies, educationalinstitutions, andhedgefundsaream ong theeconom ic agentsknown to invest
in them . A s¯nancialinterm ediaries, non-m oney m arket fundsare increasingly im portant in the
U .S.econom y, collectively pooling som e $5,233billion and com prising 9% ofhouseholdwealth (or
abouta third ofhousehold¯nancialwealth).1 O ver¯fty m illion householdsown m utualfunds, of
which 71% own equity m utualfunds.In 2000, m utualfundsm anaged20% ofthe U .S.retirem ent
m arket, including nearly 50% ofthe IR A m arket.2

T hisarticle exploressom e ofthe econom ic consequencesofpooled m utualfund investm ents
from theperspectiveofthe investorwho can purchaseequitiesdirectly.T heterm \m utualfund" is
usedsynonym ously for\no-loadequity m utualfund," butthediscussion readily extendsto include
non-equity funds.L oadfundsarevery di®erent, however, andaretreatedseparately in section 9.
Suppose an investorhasa one-day investm enthorizon.H e cannotm ake individualequity pur-

chasesbecausea one-daydirectinvestm entinequitieshasa negativeexpectedreturnafteraccounting
fortransaction costssuch asbid-ask spreadsandbrokeragecom m issions.3 A m utualfund, however,
isa viable alternative forthisinvestorbecause fundsdo nothavebid-ask spreadsandcan bepur-
chased without paying brokerage com m issions. W hy isthe fund structure able to o®erpositive,
after-costexpectedreturnstoshort-term investorswhen theequity m arketcannot? Isthisa feature
ora °aw ofthefund?
A m utualfundisrequiredtopricefundsharesproportionately by the1940Investm entC om pany

A ct, asam ended.4 T hism eansthat allbenē tsand costsoffund ownership accrue equally to
each fund share. Suppose a new shareholderm akesa $1 investm ent in a $99 m utualfund. In
equilibrium the fund m ust purchase $1 worth ofsecuritiesforthe fund'sportfolio and pay the
associatedtransaction costs.T he shareholderwho generatedthese costspaysonly 1=100= 1% of
them , and the existing shareholderspay the rem aining 99=100= 99%. T hiscost shifting isthe
m echanism thatallowsfundsto o®erpositive, after-costexpectedreturnsto short-term investors.
Ifthe expectedm utualfundholding period ofeach investorwere the sam e, then an insurance

argum entwouldjustify thefund'sproportionatepricing structure.Investorsin thefollowing three
m odelsbenē t from pooling. T he D iam ond-D ybvig (1983)m odelprovidesan insured return to
identicalinvestorswho wish to share early-redem ption risk via the bank'sdeposit contract. T he
C hordia (1996)m odelsuggeststhatthissam e risk-sharing technology isone ofthe prim ary bene-
¯tsofm utualfunds.T he closely related work ofN anda, N arayanan, and W arther(2000)m odels
the m utualfund'sprovision ofliquidity to investorswith privately known redem ption risk.T heir
econom y respondsto thisheterogeneity through variouspricing m echanism sthatscreen investors.
In equilibrium , investorswith com parableliquidity needsaregroupedwithin fundswhileneedsvary
acrossfunds.
There isa growing em piricalliterature that docum entsdi®erencesin trading behaviorat the

individuallevel.G rinblattandK eloharju (2001)¯ndthatdom esticinvestors, especially households,
governm ent agencies, and nonprō t investors, exhibit contrarian behaviorwhile foreign investors
exhibitm om entum behaviorin theF innish stock m arket.B arberandO dean (2000)docum entthat
in a discount brokerage, taxable accountshave m ore trading than tax-deferred accounts. L astly,

11999Investm entC om pany Instituteand FederalR eserveF low ofFunds.
2M utualFund FactB ook, 2001.
3A ssum eround-triptransactionscostsare170basispointsandthattheexpectedannualizedequity return is12%.

Then, in expectation, theround-trip costsarenotrecoveredfor54days.
4T hisactisthefederalstatutethatgovernsmutualfundcom panies;itsupersedesstatelegislation.
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C apon, F itzsim ons, andPrince(1996)sortm utualfundinvestorsbasedon how theinvestoracquires
inform ation about fundsand which attributesare considered when choosing am ong alternatives.
T hey ¯ndstrongevidencefortheexistenceofboth knowledgeableandnaÄ³vem utualfundinvestors.5

T hisarticleisthe¯rstto identify anothersetofdi®erencesam ong investors, investm enthorizons
in m utualfunds.6 M ore im portantly, it isthe ¯rst to docum ent that there are observable share-
holdercharacteristicsthatenablethefundtopredictwhich shareholderswillbelow duration (early
redeem ers)andwhich willbehigh duration (lateredeem ers).
A new literatureexam inesthestructureofthem utualfundasan investm entvehicleforinvestors

whocan tradedi®erently.D ickson, Shoven, andSialm (2000)considertaxexternalities.T heirsim u-
lationsshow thatinvestor°owscan negatively im pactthefund'safter-taxreturn totheorderof121
basispoints(bp)peryear.O therpapersdiscussnon-synchronoustrading andidentify ine± ciencies
in the industry'sconvention ofpricing allm utualfundswhen the U .S.m arketclosesusing thelast
tradein theunderlyingassetseven when thelasttradewasexecutedhoursordaysearlier.C halm ers,
Edelen, andK adlec(2001)show thatthe(m is)pricingcan beprō tably exploitedin dom esticequity
funds.G reene andH odges(2001)andG oetzm ann, Ivkovi¶c, andR ouwenhorst(2000)¯nda sim ilar
resultin internationalequity funds.
Thisarticlecontributestothisliteraturebyshowing thatpoolingshareholderswith di®erentliq-

uidity needsin onefundgeneratesa classicexternality wherein thehigh-duration investorssubsidize
thecostlybehaviorofthelow-duration shareholdersboth in theory andin practice.T heexternality
isproblem aticbecauseliquidity needsarenotpricedeven though they can bepredicted.
Them ainresultofthisstudy is, therefore, thatm utualfundsarenotD iam ond-D ybvig-stylebanks

thatprovide an equitable insurance benē tto allinvestors.B ecause the predictabledi®erencesin
holding periodsresult in econom ically signi¯cantwealth transfers, the proportionate allocation of
costsisstructurally ine± cient.A centralprediction ofthisresearch isthatfundsm usteitherchange
theirpricing m echanism to elim inatethepooling externalitiesoralternative investm entvehicleswill
com petesuccessfully forthehigh-duration, low-costinvestor.
The em piricalwork presented in thisarticle isbased on a new, proprietary database.7 It isa

six-yearpanelofalltransactionswithin andacrossallfundsin oneno-loadmutualfundfam ily.A
single-spellduration m odelisappliedto accounts, showingthatitispossibletopredictfundholding
periods.T hecostofproviding liquidity in a m utualfund(liquidity costs)isestim atedundervarious
sim plifying assum ptions.8 T hecostofproving liquidity to observably di®erentinvestorsin a pooled
fund(pooling costs)isalso m easured.
Therem ainderofthisarticle isorganizedasfollows.T henextsection presentsthetheory m odel

ofpooling externalities. Section 3 describesthe data. Section 4 introducesthe duration m odel,
andsections5{7study redem ptionsin the contextofnon- and sem i-param etric duration m odels.

5N early forty percentofinvestorsdo notknow whethertheirinvestm entsare in load orno-load fundsand over
seventypercentdonotknow whethertheirfundsaredom esticorinternational.Thereisanotherm oreknowledgeable
groupforwhich thesepercentagesarezero andsix, respectively.
6T heW yattC om panyprepared, in 1990, a studyofshareholderpersistency in load and12b-1mutualfunds.They

sam pled approxim ately 1500new accountsin 1974and 800new accountsin 1984.The objective wasto assistthe
N A SD in formulatingrulesgoverning12b-1plan charges, sotheanalysisfocusedon thedi®erencesbetween 12b-1and
loadshareholders.Itisno surprisethatthe W yattshareholders, som eofwhom paid8:5% loads, arem orepersistent
than the shareholdersin thisstudy.Thisarticle'sdata coversan entire mutualfund fam ily, considersm ore recent
shareholders, and containsonly no-load funds.The evidencepresented in sections3 and 5by itselfisa signi¯cant
contribution to both professionaland academ icknowledge.
7Johnson (2001)containssum m arystatisticsoftheshareholdersin thisdatabase.D em ographicdata, accountsize,

trading patterns, portfoliosheld, andothersum m ary statisticsarediscussed atlength.
8Edelen (1999)m easuresthe fund'saggregate costofliquidity provision.H e usesm onthly fund °owsand sem i-

annualfund holdingsin a sam ple of166 fundsto estim ate thatone dollarofliquidity-m otivated trading coststhe
fund1.7/c.
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F igure 1:Investm ent C hoices at T im e t and Fund R eturns. In an O L G m odelwhere both
fundsand investorslive fortwo periods, investorschoose between two fundseach period.Trading costsc im posed
by shareholderredem ptionsreducetheotherwise ¯xedreturn R ofthefunds.In theuniqueseparating equilibrium ,
investorswith high switching costsare long-term investors(proportion 1¡ µ)while those with low switching costs
areshort-term (µ).The¯rst-periodfundreturn R ¡ 2µ

1+µc isgreaterthen thesecond-period fundreturn R ¡ c.The

traders'return
¡
R ¡ 2µ

1+µc
¢2
is, therefore, greaterthan thenon-traders'return

¡
R ¡ 2µ

1+µc
¢
(R ¡ c).

Section8estim atesm utualfundliquidityandpoolingcosts.T heanalysisconcludeswith a discussion
ofwhy m utualfundschooseto poolpredictably di®erentshareholdersanda sum m ary ofthem ain
resultsin sections9{10.

2 M odel
T hissection presentsa sim plem odelofm utualfundinvesting wherethem otivation fortrade isthe
m utualfundpricing m echanism .B ecause som e investorshave high switching costsandrem ain in
the fund forboth periods, they pay a disproportionate am ountofthe fund'saggregate costsand
receive a lifetim e return lowerthan the return obtained by the investorswho trade. T heorem 1
docum entstheeconomy'suniqueseparating equilibrium .T heorem 2dem onstratesthatthere isno
pooling equilibrium . T heorem 3 provesthat trading issocially wasteful. T heorem 4showsthat
iftheproportion oftradersishigh enough in theseparating equilibrium , then prohibiting trade is
Pareto optim al.
Them odelisbasedon thestandardin¯nite-horizon overlapping generations(O L G )fram ework,

where tim e isdivided into a countable numberofdatest2 Z, the set ofintegers. A t each t, a
new generation ofinvestors, norm alizedto one, isborn andone new m utualfund iscreated.B oth
investorsandfundslive fortwo periods.Investorsare endowedwith unitwealth atbirth (t), m ay
switch fundsatm idlife(t+1), andconsum eonly atdeath (t+2).Fundsareendowedwith a constant
returnstoscaleinvestm enttechnology thatenablesthem togenerateraw returnsR > 1each period.
W ithoutlossofgenerality, assum efundsareownedby investorsandchargem anagem entfeef = 0
each period.
W hen a new investor isborn att, he can chooseto investin eitherthesecondphaseoftheold

fund born att¡ 1orthe ¯rstphase ofthe new fund born att.Ifhe choosesthe old fund, he is
forcedtoredeem att+1when itisliquidated.H em ustinvesttheproceedseitherin thenew fund's
secondphaseorthe¯rstphaseofthefuture fundborn att+ 1.O n theotherhand, ifthe investor
choosesthe new fund att, he can eithercontinue in the fund att+ 1orhe can invest in the ¯rst
phaseofthefuturefund.T hereisno alternativestoragetechnology sohem ustinvestin a fundeach
period.SeeF igure1.
Investorspay a dissipative switching fee s2 fsl;shg to exchange fundsat m idlife.9 A ssum e

9Investorheterogeneity ism odeled in termsofswitching costs.O therdevicesthatgeneratesim ilarresultsinclude
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proportionµ2(0;1)ofeachgeneration havelow switchingcosts,sl= 0, and1¡µhavehighswitching
costs, sh > 0.The fundpaysa trading costc2 (0;12R )in proportion to realizedredem ptionsat
the end ofits¯rst and second phases. Shareholder°owsreduce, therefore, the fund'safter-cost
perform anceforboth redeem ersandnon-redeem ers.
Theorem 1showsthat ifswitching costsare large enough forthe high-costtype, then there is

a separating equilibrium where the low-switching-cost(L SC )investorsswitch fundsatm idlife and
thehigh-switching-cost(H SC )investorsdo notswitch funds.T heH SC investorsrecognizethe L SC
investorsearn a higherreturn than theydo in thisfull-inform ation gam e, buttheyrefrain from trade
becausetheirswitching costislargerthan thetrading gain.

Theorem 1(Separating Equilibrium ) Ifµ 2 (0;1) and sh ¸ 1¡µ
1+µc, then investorswith high

switchingcostsinvestforbothperiodsin thenew fundwhile investorswith low switchingcostsinvest
in the new fundforoneperiodbutswitch to the future fundatm idlife.T he ¯rst-periodfundreturn

is, therefore, R ¡ 2µ
1+µcandthesecond-periodfundreturn isR ¡c.T hetraders'return

³
R ¡ 2µ

1+µc
´2

isgreaterthan the non-traders'return
³
R ¡ 2µ

1+µc
´
(R ¡ c).

Proof. A ttim et, assum etheL SC investors¯nditoptim altoswitch whiletheH SC investorsdonot.In thiscase,
thenew fundacquirestheentirenew generation ofinvestors(1)andallshareholdersfrom theoldfundwho havelow
switching costs(µ).Thenew fund has, therefore, 1+ µ investorsatt, 2µofwhom redeem att+ 1when theolderµ
die and theyoungerµswitch to thefuturefund.Therem aining 1¡ µ H SC investorscontinue in thefund untilit is
liquidatedatt+2.Thetotaltradingcostatt+1is2µc, andtheper-investorcostis 2µ

1+µc.The¯rst-periodfundreturn
is, therefore, R ¡ 2µ

1+µc.A tt+ 2thetotaltrading costis(1¡ µ)c, andtheper-investorcostisc.Thesecond-period
fundreturn is, therefore, R ¡ c.G iven thesefundreturnsand investing strategies, do any investorsdeviate? Forthe
L SC investor, the equilibrium return is

¡
R ¡ 2µ

1+µc
¢2
while the bestdeviating return is(R ¡ 2µ

1+µc)(R ¡ c).Thus,

they do notdeviate ifµ2(0;1).Forthe H SC investor, theequilibrium return is
¡
R ¡ 2µ

1+µc
¢
(R ¡ c)whilethebest

deviating return is
¡
R ¡ 2µ

1+µc¡ sh
¢¡

R ¡ 2µ
1+µc

¢
.Thus, they do notdeviate ifsh ¸ 1¡µ

1+µc.

T heorem 2dem onstratesthere isno pooling equilibrium .

Theorem 2(Pooling Equilibrium ) T here isno pooling equilibrium .

Proof. A ssum eno investorswitchesatm idlife.Thereturn from notdeviating isR (R ¡ c)whilethereturn from
deviating is(R ¡ s)R .In thiscase, atleastthe L SC investorsdeviatebecausesl= 0.A ssum eallinvestorsswitch at
m idlife.Thereturn from notdeviating is(R ¡ c¡ s)(R ¡ c)whilethereturn from deviating is(R ¡ c)(R ¡ c).Thus,
theH SC investorsdeviatebecausesh > 0.

T he before-trade fund return isalwaysR .B ecause tradesgenerate no socialbenē tsand are
costly, they are a deadweight lossto the econom y.T heorem 3 provesthis, showing that a social
plannerwouldprohibitm idlifetrades.

Theorem 3(SocialW elfare) M idlife tradesare a deadweightlossto theeconom y in theseparat-
ing equilibrium .

Proof. A ssum e the separating equilibrium where tradesgenerate gainsforthe L SC investorsand lossesforthe
H SC investor.Theaggregatebenē tandcostofthem idlifetradesare

aggregatebenē t = µ

µ ³
R ¡ 2cµ

1+ µ

´2
¡ R (R ¡ c)

¶

search costs(som e investorsarebetterorm orecheaply inform ed aboutalternativefunds), trading preferences(som e
agentslike to trade), andtaxes(som e investorsarenotrequiredto pay taxeson early redem ptions).
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aggregatecost = (1¡ µ)
³
R (R ¡ c)¡ (R ¡ c)

³
R ¡ 2cµ

1+ µ

´´
:

T hedi®erencebetween thebenē tsandcostsis

aggregatebenē t-aggregatecost =
cµ
¡
2c
¡
1+ µ2

¢
¡ R (1+ µ)2

¢

(1+ µ)2
< 0;

sinceµ2(0;1)andc< 1
2R .

W ere fundsto price redem ptionsaccording to m arginalcost, each investorwould pay c for
each redem ption. H owever, the actualpricing structure in the m odelperm itsa wealth transfer
in the separating equilibrium:twice redeem erspay 2µ

1+µc+
2µ
1+µc < 2cwhile once redeem erspay

2µ
1+µc+ c> c.Theorem 4showsthat ifµ islarge enough, then even the traderswho exploit the
pricing m echanism would preferm arginalcostpricing to the prisoner's-dilem m a-like payo®sthey
receive in the separating equilibrium . T he essentialintuition isthat with enough tradersin the

econom y, theirlifetim ereturn
³
R ¡ 2µ

1+µc
´2
¼ (R ¡ c)2 islessthan thereturn they receive ifm idlife

tradesareprohibited R (R ¡ c).

Theorem 4(Trading Tax) A ssum e µ 2 (0;1) and c2 (0;12R ). D ē ne V = R ¡2
p

R (R ¡c)
4c¡3R . If

µ2 [V;1), then a m idlife trading taxp¸ c isPareto optim al.Ifµ2(0;V ), then a m idlife trading
taxp¸ cbenē tsthe H SC investorsbuthurtsthe L SC investors.

Proof. Ifno onetradesthen allinvestorsreceivethetwo-periodreturn R (R ¡ c).D oesanyonedeviate? T heL SC
investors'return from deviating is(R ¡ p)R , so they do notdeviate.TheH SC investorssim ilarly do notdeviate.Is
thisnew, pooling equilibrium Pareto im proving? T heH SC investors'welfareclearly im proves.TheL SC investorsare
noworseo® ifR (R ¡ c)¸ (R ¡ 2µ

1+µc)
2, orf(µ)=

¡
R (R ¡ c)¡ (R ¡ 2µ

1+µc)
2
¢
(1+µ)2¸ 0N otethatf(µ)isa convex,

parabolicfunction ofµ.Itstwo rootsare V 0= R +2
p
R (R ¡c)

4c¡3R and V = R ¡2
p
R (R ¡c)

4c¡3R , where V 0< V .The¯rstroot,
V 0, isnegative becausec2 (0;12R ).Thesecond root, V , isbetween zero and one forthesam e reason.Therefore,
f(µ)isnegativewhen µ2(0;V )andnon-negativewhen µ2[V;1).

T he m odelhastwo features. F irst, low switching costscause investorsto redeem early. A ny
seculartrendthatreducescostsforH SC investorswillbe associatedwith shorterholding periods.
T he last twenty orthirty yearshave seen developm entsin the industry that have profoundly re-
duced switching costs. From a technologicalperspective, the introduction oftelephone, Internet,
andsuperm arket-styletradingsubstantially decreasedthecostsoftradingfundsandsim ultaneously
increasedthe numberoffundsavailableto investors(i.e., decreasedsearch costs).From an educa-
tionalperspective, theexplosion ofm edia andresearch ¯rm scovering them utualfundm arketplace
hasm adesearching forandswitching to appropriatefundseasier.L astly, theshiftin theretirem ent
m arkettowardsdē nedcontribution plansandIR A 'shasincreasedinvestors'incentivesto m onitor
theirinvestm entswhich are increasingly being placed in m utualfunds.
A re individualholding periodsdeclining? A nnualized redem ptionsin equity m utualfundsin-

creasedfrom under30% in 1991to over40% in 2001.10 Turnoverin theN Y SE increasedfrom 48%
in 1991to78% in 1999.11 A lthough itishard, perhapsim possible, to inferindividualbehaviorfrom
these aggregatestatistics, it isclearthatatleastsom e investorsaretrading m orethan before.See
F igure2PanelA form onthly m utualfundredem ption ratesfrom January 1991to M ay 2001and
PanelB forannualturnoverin N Y SE stocksfrom 1991to 1999.A necdotally, the V anguardG roup
10Investm entC om pany Institute.
11N Y SE Factbook, 2000.
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plotsm onthlymutualfundredem ption ratesfrom January1991to M ay2001.PanelB plotsannualturnoverin N Y SE
stocksfrom 1991to 1999.

reportsthat\T wenty yearsago, the average holding period wasseven, eight, even 10years.N ow
threeyearsisconsidereda long holding period."12
A secondfeatureofthem odelisthatthefrequenttradersaregam ingthefund'spricingstructure.

Forcing them to internalizetheircostswouldelim inatetheirbehavior.M utualfundsareresponding
to the increasedtrading by adding redem ption feesto both new andexisting fundswith the intent
eitherto discourage short-term tradersorto com pensate the fund fortheirexpenses.13 B etween
June 1999and July 2001, the percentofno-load equity fundsthathadredem ption feesincreased
from 3:5% to 7:7%.14 M oreover, the average fee increasedfrom 112bpto 119bp, andthe average
horizon jum pedfrom 7.0m onthsto 9.5m onths.
A re redem ption feescurbing early withdrawals? C hordia's(1996)em piricalresultsshow that

fundswith redem ption feesholdlesscash than fundswithoutredem ption fees.H e interpretsthis
¯nding to m ean thatredem ption feesdissuaderedem ptions.

3 D ata
T he data forthisresearch wassupplied, generously, by a m utualfund fam ily that istypical in
allm aterialrespects.T he fam ily isan open-end, no-load com plex with com m on feesand trading
restrictions.Itconsistsofapproxim ately ten funds, including both equity and ¯xed-incom e funds
(F IF 's).T he equity fundstendto holdneitherlarge-capnorinternationalsecurities.Fundshares
havebeendistributedgeographically| in term sofboth numberandvalueofaccounts| in a waythat
closelym irrorsthedistribution ofwealth in theU .S., with theexception ofa disproportionatelylarge
12T he W ashington Post, O ctober10, 1999, p H 01.
13R edem ption feesdateback to atleast1984when thenewly-organized V anguard H ealth C arefund im poseda 1%

feeon redeem ed sharesthathad been held forlessthan one year.In carefullanguage, a \redem ption fee" refersto
a feeon shareredem ptionsthatispaid back to themutualfund, asopposed to feesthatarepaid to the investm ent
advisor, broker, orotherinterm ediary.In contextofthem odel, T heorem 4showsthata su± ciently largeredem ption
feewouldelim inateallsocially wastefultrading.
14July 1999and A ugust2001M orningstarPrincipiaProPlus;author'scalculations.
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presence in them anagem entcom pany'shom estate.T hefundfam ily wishesto rem ain anonym ous
to protectboth thefunds'shareholdersandthe investm entadvisor(s).
Public data on mutualfund shareholdersisgenerally unavailable. T hus, it isdi± cult to say

whethershareholdersin thisfam ily offundsare representative ofthe largerpopulation ofshare-
holders.Johnson (2001)doesnot¯ndsigni¯cantdi®erencesbetween shareholdersin thisfam ily and
the \average" shareholderprō led in variousInvestm ent C om pany Institute (IC I)publications.15

T hetransferagentreports, however, thatthisfam ily hasa \m orestable" shareholderbasethan the
otherfam iliesitserves.16

T he fund fam ily'stransferagentprovided an electronic copy ofitsdatabase.T he data begin
fall1994 and end sum m er2000. It containsthree m ain ¯les:shareholders(over¯fty-thousand
accounts), transactions(overthree-quartersofa m illion records), andfunds(aroundten).T he¯les
aresum m arizedasfollows:

Shareholders Includesinvestorswho heldshares(electronically oron book)anytim e during this
window, whetherornottransactionsoccurred.A ccountsclosedbeforefall1994arenotavail-
able, so allpre-fall-1994data com e from the long-lived accounts.D em ographic inform ation
includesbirth date, zipcode, anda ¯eldindicating a± liation with them anagem entcom pany,
ifany.C om prehensiveregistration inform ation andaccountoptionsarealso included.

Transactions Includesforeach accountalltransactions(such aspurchasesandexchanges), m ethod
ofpaym ent(such aswire, check, orexchange), andvariouscodingsforinternaluse.Transac-
tionsfrom beforefall1994areunavailable.

Funds Includesa com plete history ofnet assetvalues(N AV 's)anddistributionsfrom the funds'
inception.

A n account istheuniquely registeredholdingsofan investorin onefund, including itscom plete
transactionalhistory. T he account'sregistration speci¯esthe account ownership and tax status.
M ostregistration changesrequiretheclosureoftheoldaccountandtheopeningofa new account.17

A ccountsarealsoclosedwhen theentirebalanceisexchangedto anotherfundin thefam ily orwhen
theentire investm entisredeem ed from thefundfam ily.
The unitofobservation throughoutm ostofthe analysesisthe account and not, forexam ple,

the investororthe dollarinvestm ent.T husthe factthatparticularinvestorsm ighthold multiple
funds, m ight hold the sam e fund multiple tim es, and m ight repeatedly reregisterthe investm ent
isignored. T hisbiasesthe survivalestim atesdownward. In practice few investorsseem to have
m ultipleregistrations, though there isa handfulofaccountsthathasbeen reregisteredten orm ore
tim es.18

A llF IF accountsand allaccountsopenedbefore fall1994aredroppedfrom the analysis.T he
rem aining accountsare hom ogeneous(only equity funds)and are com plete (every transaction in
every accountisobserved).T herefore, thedatabase includesevery investorthatopenedan account
betweenfall1994andsum m er2000andeverytransactionm adebythoseshareholders.Staticaccount
options(forexam ple, autom aticinvestm ent/withdrawalplan(A IP/AW P)participation)aree®ective
asofthe accountclosing dateorsum m er2000, though much can be inferreddynam ically from the
transactions¯le(forexam ple, individualA IPtransactionsaredynam ically codedassuch).Som eof
the accountsarecensoredbecausethey havenotyetclosed.
15T he IC I isthefund industry'stradegroup.
16T hetransferagent, likeothers, servesmultiplemutualfundfam ilies.
17A m arriagem ightresultin an individualaccountbeing reregistered asa jointaccount.Thiswouldresultin two

observationsin thedata set.N o attem ptism adeto analyzemultiplefundownership in thispaper.
18R em oving accountsthatfailwithin one, six, ortwelvem onthsdoesnotqualitatively changeany resultofinterest

in thisstudy.
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3.1 Fund D istribution

T he industry assignssocialcodesto accounts.Exam plesofthescoresofcodesusedby thisfam ily
areasfollows:jointtenantswith rightsofsurvivorship(JT W R O S), partnership, corporate¯duciary,
om nibushouse, R O T H conversion, U G M A ,dealer, andIR A SEP.Som eofthesecodesexistascheck-
o® boxeson theapplication;othersareassignedbythetransferagentafterreviewingtheapplication
andallsupporting m aterial.Protocolsforassigning codesareencapsulated in a written docum ent
that isused by em ployeesofthe transferagentm aking the assignm ent. R igorousquality-control
checksfurtherensuretheconsistency ofthesedata acrosstim e andacrossem ployees.
A llaccountsare grouped into eight distribution channelsbased on theirsocialcodes:retail

taxable, retailtax-free, m inor, trusts, Fund/SERV , entity, om nibushouse, and other. T he retail
taxable accountsare individualaccountsorjointaccounts.T heretailtax-free accountsare gener-
ally IR A 's, eithertraditionalorR oth.T he m inor accountsare registered asU G M A /U T M A and
are invariably m anaged by the m inor'sparent. T he trust accountstend to be held directly (the
trustee isa fam ily m ember), though m any go through interm ediariessuch asbanks.Fund/SE RV
accountsoriginatethrough theFund/SERV system andgenerally lack identifying characteristicsof
the underlying shareholder.19 E ntity accountsinclude religiousorganizations, clubs, associations,
educationalinstitutions, corporations, andpartnerships.Superm arketsandom nibushouseaccounts
m ake upthesuperm arketcategory.L astly, otheraccountshave eitherundē nedorom ittedsocial
codes.Sections6{7show thatthe eightdistribution channelsare im portantpredictorsofaccount
duration.
W ithin the eightdistribution channels, fundsand investorsare connected in one oftwo ways,

eitherdirectly orindirectly.T he directshareholderinteractsdirectly with the transferagent and
com pletesthe fund'sapplication.20 T hese shareholdersare assigned the following socialcodes:
retailtaxable, retailtax-free, m inor, trusts, and entity. T he indirect shareholdertradesthrough
an interm ediary who in turn tradeswith thetransferagent.21 T heseshareholdersare assignedthe
following socialcodes:superm arket, Fund/SERV , and other.Section 8showsthatliquidity costs
vary acrossthetwo accounttypes.
O ne ofthisarticle'scontributionsto the ¯nancialeconom icsliterature isthe observation that

accountduration variesacrossdistribution channels.T herearetwo com peting storiesthatarecon-
sistentwith thisfact.T he¯rstinterpretation isthattradingpreferencesareendogenous.Ifinvestors
arerandom ly assignedto thedistribution channel, then positivepricee®ectsim ply thatinvestorsin
thelow-costchanneltradem orethan investorsin thehigh-costchannel.T hesecond interpretation
isthattrading preferencesare exogenous.Ifinvestorsknow theirexante levelofdesiredtrading,
then those investorsdesiring high levelsoftrading willbedisproportionately attractedto the low-
costchannels.In eithercase, however, duration ispredictableby the fundbecause itobservesthe
channelthrough which theshareholderpurchasedfundshares.

19T he Fund/SERV system isa technology providedby theN ationalSecuritiesC learing C orporation (N SC C )that
includes571fund fam iliesin September2001.B roker/dealersand otherprofessionalsconnected to thisnetwork are
ableto tradefundsin a superm arket-likefashion atlow ¯nancialandeconom iccost.
20Strictly speaking, thedistributorsellssharesto new shareholders.Thetransferagentprocessesordersonly from

existing shareholders.
21T he interm ediary whobringsinvestorsto thefundcan establish oneofthreebookkeeping arrangem entswith the

transferagent.F irst, an om nibusaccountcanbecreatedthatcontainsallshareholdersoftheinterm ediary in thefund.
In thiscase, thetransferagenthason itsbooksone(large)accountthatisperm ittedtotradefrequently in thefund.
L argemutualfundsuperm arketssuch asC harlesSchwab orT D W aterhousem ay choosethissystem.In thesecond
arrangem ent, interm ediariesopen accountsforeach oftheirindividualinvestorsusing the interm ediaries'nam e and
a controlnumber.B rokerssuch ase*tradeand C SF B directm ay choosethissystem.U ndereitheroftheseschem es,
thetransferagentdoesnotknow the identity oftheend investor, though in thesecondcase itisableto observethe
investor'strades.In the¯nalbookkeeping arrangem ent, each accountisidenti¯edby individualshareholder.
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F igure 3:A ccount D uration. Presentsa histogram ofaccount duration, in years, fornon-censored ac-
counts.L ong-livedaccountsaredisproportionately censoredin thedata window arethereforeunderrepresentedin the
histogram .

3.2 Sum m ary Statistics

T herem ainderofthissection sum m arizesthedata, em phasizing distribution channelsandaccount
types.Table 1providesa listofthe variablesthatwillbe used in section 6 and theirdē nitions.
Table2providessum m ary statisticsforthese variables.T hese variablesare nottim e-varying and
are m easuredwhen the accountwasopened.22 V ariablesthatare tim e-varying willbe introduced,
dē ned, andsum m arizedin section 7.
F igure 3 presentsa histogram of account duration forclosed accounts. L ong-lived accounts

aredisproportionately censored in thesix-yearwindow andare, therefore, underrepresented in the
histogram .Ignoringthisfact, thehistogram showsthatm ostaccountsfailearly andthatthepercent
ofclosuresissom ewhatconstantbetween two andfouryears.
U nreportedscatterplotsofaccountduration by opening datesandclosing datesarerevealing.23

F irst, they show thataccountsofalldurationsexistedateach opening andclosing date.Second, it
isclearthatthere ism oreclustering basedon opening datesthan closing dates.O ne interpretation
ofthisobservation isthatinvestorsbuy perform ancebutsellrandom ly.T hisinterpretation isalso
consistentwith theconvexperform ance-°ow relationshipdocum entedby G ruber(1996)andothers.
A pairwisecorrelation m atrixforsom evariablesofinterestby distribution channelispresented

in Table 3. T he coe± cientsare double starred ifthey are signi¯cant at the 1% level. A m ong
otherrelationships, the tableshowsthattheretailtaxable accountsare correlatedwith autom atic
investm ent plans(½ = :212), the no-check °ag (½ = ¡:339), and telephone redem ption-only or
redem ption-and-exchangeoptions(½= :215and½= 0:308, respectively).
The laststatistic presented isa percentage breakdown ofdaily dollar°ows(in°ows, out°ows,

and net)by accounttype (direct, indirect, and else).Forexam ple, the contribution ofdirectnet

22Itwillberepeatedly em phasized throughoutthediscussion thattheunitofobservation isthe account.Itisnot
the investorand itisnotthedollarinvestm ent.A lso, itwillbeemphasizedthatallstaticvariablesarem easuredon
thedatetheaccountwasopened.
23C on¯dentiality concernspreventstheirinclusion in thisarticle.
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Shareholder'sagedum m ies
dA G E00 true ifinvestor'sage isbetween 00and10ataccountopening
dA G E10 true ifinvestor'sage isbetween 10and20ataccountopening
dA G E20 true ifinvestor'sage isbetween 20and30ataccountopening
dA G E30 true ifinvestor'sage isbetween 30and40ataccountopening
dA G E40 true ifinvestor'sage isbetween 40and50ataccountopening
dA G E50 true ifinvestor'sage isbetween 50and60ataccountopening
dA G E60 true ifinvestor'sage isbetween 60and70ataccountopening
dA G E70 true ifinvestor'sage isbetween 70and80ataccountopening
dA G E80 true ifinvestor'sage isgreaterthan 80ataccountopening
dN O A G E true ifinvestor'sage isisnotavailable

Sizeofinitialtransaction dum m ies
dSIZE0 true if0.0< opening day'saccountvalue· 0.5tim esthefund'sm inim um
dSIZE0.5 true if0.5< opening day'saccountvalue· 1.0tim esthefund'sm inim um
dSIZE1 true if1.0< opening day'saccountvalue· 2.5tim esthefund'sm inim um
dSIZE2.5 true if2.5< opening day'saccountvalue· 5.0tim esthefund'sm inim um
dSIZE5 true if5.0< opening day'saccountvalue· 50.0tim esthefund'sm inim um
dSIZE50 true ifopening day'saccountvalue > 50.0tim esthefund'sm inim um

Fundemployeedum my
dEM PL O Y EE true ifshareholderisan em ployeeorrelativeofan em ployeeofthefund

Shareholder'sstateofresidencedum m ies
dH Q true ifaccountisregistered in the investm entadvisor'shom estate
dSTAT E1 true ifaccountisregistered in oneofsixlargestates
{dSTAT E6

A ccountoption dum m ies
dA IPAW P true iftherewasan autom atictransaction during the¯rst90days
dN O T check true iftheaccountwasopenedwith a check (personalorcerti¯ed)
dC A SH div true ifdividendsaretaken out(by any m eans)
dT EL Enone true ifneithertelephoneredem ptionsnorexchangesareallowed
dT EL Exchng true ifonly telephoneexchangesareallowed
dT EL Erdmptn true ifonly telephoneredemptionsareallowed
dT EL Eboth true ifboth telephoneexchangesandredem ptionsareallowed

D istribution channeldum m ies
dR ETA IL taxable true ifsocialcode isretailtaxable
dR ETA IL taxfree true ifsocialcode isretailtax-free
dM IN O R true ifsocialcode ism inor(U G M A /U T M A )
dFundSERV true ifsocialcode isFund/SERV
dT R U ST true ifsocialcode isindirect
dEN T IT Y true ifsocialcode isentity
dSU PER M R K T true ifsocialcode isom inibushouse
dO T H ER true ifsocialcode isundē nedorom itted

Table1:D ē nitionsofT im e-constantV ariables. D ē nesterm sused in section 6'sregressions.
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C ovariate M ean Std.D ev. C ovariate M ean Std.D ev
censored 0.322 0.467 dA IPAW P 0.120 0.325

dC A SH div 0.043 0.203
dR ETA IL taxable 0.579 0.494 dN O T check 0.215 0.411
dR ETA IL taxfree 0.172 0.377
dM IN O R 0.041 0.199 dT EL Enone 0.329 0.470
dT R U ST 0.107 0.309 dT EL Exchng 0.160 0.366
dFundSERV 0.086 0.280 dTEL Erdm ptn 0.121 0.326
dEN T IT Y 0.004 0.065 dT E L Eboth 0.390 0.488
dSU PER M R K T 0.000 0.019
dO T H ER 0.011 0.106 dA G E00 0.008 0.091

dA G E10 0.010 0.097
dEM PL O Y EE 0.002 0.040 dA G E20 0.075 0.263

dA G E30 0.179 0.383
dH Q 0.071 0.257 dA G E40 0.197 0.398
dSTAT E1 0.137 0.344 dA G E50 0.157 0.364
dSTAT E2 0.079 0.269 dA G E60 0.086 0.280
dSTAT E3 0.055 0.227 dA G E70 0.039 0.194
dSTAT E4 0.044 0.205 dA G E80 0.007 0.084
dSTAT E5 0.046 0.210 dN O A G E 0.242 0.429
dSTAT E6 0.044 0.205

Table2:Sum m ary StatisticsofT im e-constantV ariables. Presentsthem eansandstandarddevi-
ationsforthestaticdatabase.A llvariablesarebinary.Theunitofobservation istheaccount.Therearem orethan
¯fty-thousand records.The censored accountswere active on thedate thedata setwasextracted in sum m er2000.
A ccountsopenedbeforefall1994areexcluded asareallaccountsin ¯xed-incom efunds.



12 3 D A TA

dSIZE0 0.038** 0.068** 0.047** -0.081** -0.087** -0.012** -0.006 -0.036**
dSIZE0.5 0.140** -0.014** 0.016** -0.080** -0.130** -0.018** -0.011 -0.040**
dSIZE1 0.046** -0.051** 0.005 0.021** -0.033** -0.004 -0.003 -0.014**
dSIZE2.5 -0.089** 0.007 -0.024** 0.055** 0.098** 0.001 -0.001 0.019**
dSIZE5 -0.196** 0.011 -0.055** 0.113** 0.208** 0.034** 0.012** 0.077**
dSIZE50 -0.086** -0.011** -0.018** 0.035** 0.095** 0.034** 0.058** 0.089**

dA IPAW P 0.212** -0.135** 0.032** -0.079** -0.113** -0.009 -0.007 -0.028**
dN O T check -0.339** -0.087** -0.064** 0.125** 0.573** 0.026** 0.034** 0.111**
dC A SH div -0.134** -0.096** -0.038** 0.000 0.372** 0.001 0.026** 0.051**

dT EL Enone -0.197** -0.060** -0.005 -0.014** 0.436** 0.020** 0.008 0.017**
dT EL Exchng -0.348** 0.643** -0.064** -0.053** -0.133** -0.013** -0.008 -0.030**
dT EL Erdm ptn 0.215** -0.167** 0.012** -0.029** -0.113** -0.023** -0.007 -0.033**
dT EL Eboth 0.308** -0.314** 0.045** 0.073** -0.245** 0.006 0.003 0.028**

dM O N D A Y 0.039** 0.024** 0.011 -0.006 -0.098** 0.000 -0.003 -0.011
dT U ESD AY 0.021** -0.014** 0.005 0.001 -0.021** 0.005 -0.001 -0.006
dW ED N ESD A Y -0.049** -0.005 -0.007 0.005 0.085** -0.003 0.008 0.022**
dT H U R SD AY 0.011 -0.007 0.004 -0.004 -0.011 0.004 0.002 0.001
dF R ID A Y -0.038** -0.005 -0.017** 0.007 0.079** -0.006 -0.004 0.000

Table 3:C orrelation M atrix. T histable presentspairwise correlation coe± cientsforsom e variablesof
interestby distribution channel.C oe± cientsthataresigni¯cantattheone-percentlevelaredoublestarred.
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A ccountType
F lows D irect Indirect Else
In°ows 26% 71% 4%
O ut°ows 25 72 3
N et 28 64 7

Table4:Fund F lowsby A ccountType. Presentsthecontribution toaveragedaily fund°ows(in dollars)
by accounttype.Indirectinvestorspurchasedthrough an interm ediary;directinvestorsdid not.

°owsto totalnet°owsiscalculatedasfollows:

percentdirectnet°ow =
P N

i=1
P Ti

t=1directnet°owi;tP N
i=1
P Ti

t=1totalnet°owi;t
;

whereN isthenumberoffundsin thesam pleandTi isthenumberofdaysobservedin fundi.T his
statistic istabulatedin Table4fordaily °ows.N et°owsconsistofdirect°ows(28%), indirect°ows
(64%), andresidual°ows(7%).Each categories'share ofgrossin°owsaboutm atch theirshare of
grossout°ows. The indirect °owsare largerthan the direct °ows.24 O verall, totalassetsunder
m anagem ent increasedduring the sam ple period fortwo reasons.F irst, in°owswere 17% greater
than out°ows.Second, thefunds'returnswerepositive.
The data are thoroughly described in Johnson (2001). H isanalysis, taken together, suggests

thattheduration m odelisan appropriatefram ework forstudying liquidity needs.In particular, he
docum entsthatthevastm ajority ofaccountscontain no trading activity between accountopening
and accountclosing (observing accountopening and closing isequivalentto observing allaccount
activity)andthatm ostinvestorsdonotholdm ultiplefundswithin thefam ily (observing \account"
isequivalentto observing \investor").

4 M athem aticsofD uration A nalysis

T hissection reviewswell-known factsaboutsingle-spellduration m odels.25 T hediscussion islim ited
to conceptsthatwillbeusedin theem piricalanalysis, andallterm inology isintroducedin term sof
m utualfunds.T hetim eorigin isthedatethe initialtransaction isprocessed, andthe accountfails
when itisliquidated.B etween thesedates, theaccountisatrisk.
C ox'sproportionalhazardsm odelischosen forthe m ain analysesand isestim ated using two

typesofcovariates.T he ¯rstgroup isfrom data collected the day an accountwasopened;these
data are static insofarasthey do not change overthe life ofthe account. T he otherdata are
generated afteraccount opening;these data are dynam ic insofarasthey can change throughout
the account'slifetim e. T he m ain result willbe that the static covariatesare econom ically and
statistically signi¯cant in predicting the conditionalprobability ofaccount failure. T hisresult is
robustto the inclusion ofdynam icstatevariables.

24U nreportedresultsshow thatthe indirect°owsaredom inatedby thesuperm arket°ows.Thisisconsistentwith
thebeliefthatsuperm arketsdecreasesearch/switch costs.
25K iefer(1988)providesa broad introduction to theeconom icduration literature.
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4.1 D ē nitions
D ē ne a continuousrandom variable T ¤ to bethelength oftim e a m utualfundaccountisopen if
itscom pleteduration isobserved;otherwise, letcbe itsobservedlength.D ē ne T = m infT ¤;cgto
betheobservedtim etheaccountisopen.T hedata setwasdrawn on a speci¯cdateduringsum m er
2000.B ecause thisdate isindependentofallevents, it iscalledrandom censoring.T hisgenerally
sim pli¯estheanalysis.T hedistinction between T andT ¤becom esim portantin theestim ation part
ofthediscussion;assum efornow no accountsarecensored.
There are two di®erentconceptsforthe distribution ofT .T he ¯rst isunconditional:what is

the probability thata newly openedaccount isclosedshortly afteritsone-yearanniversary? T his
isdistinctfrom the conditionalconcept:what isthe probability that an accountthatsurvivesto
itsone-yearanniversary failsshortly thereafter? Insofarasonedistribution can bederivedfrom the
other, them athem aticsare identicalin eithercase.H owever, in thecontextofm utualfundaccount
redem ption, thelaterism oreconduciveto econom icm odeling.
L et F (t)= Pr(T < t)be the cum ulativedistribution function (C D F )ofduration T , where the

supportis(0;1).T hecorrespondingprobabilitydensity function (pdf)isf(t)= F 0(t).T hesurvival
distribution function isS(t)= 1¡ F (t)= Pr(T ¸ t).T hen ¸(t)= f(t)=S(t)isthehazardfunction
and¤(t)=

Rt
0 (̧u)du isthe integratedhazard.A sim plecalculation showsthat

S(t)= expf¡¤(t)g: (1)

The hazard function represents, loosely speaking, the conditionalfailure rate ofaccounts. In
otherwords, ifan account existsatt, then the product¸(t)¢ (t) isthe approxim ate conditional
probability that the account willfailduring the short interval[t;t+ ¢ t).26 A straightforward
calculation providessom ejusti¯cation forthisinterpretation:

¸(t) = lim
h!0+

µ
Pr[t· T < t+ hjT ¸ t]

h

¶
:

B ecausef(t)= lim
h!0+

³
Pr[t·T < t+h]

h

´
, som eauthorshavecalled¸(t)a conditionaldensity, butthisis

nottechnically correctsince the hazarddoesnotnecessarily integrate to oneoverthepositivereal
line and it can exceed one. O finterest in thisstudy iswhetherthe hazard function increasesor
decreasesint.N egativeduration dependenceoccursifḑ (t)=dt< 0,andpositiveduration dependence
occursifḑ (t)=dt> 0.
Thisanalysisassum esthateveryduration isa realization from thesam eprobabilitydistribution.

Ifa colum n vectorzoftim e-invariantcovariatesisthoughtto a®ectthedistribution oftheresponse
variablethrough som efunction Á(z;̄ ), then heterogeneity can becontrolledforby explicitly m od-
eling that interaction.T he econom icsliterature generally m odelsthe interaction between z and T
orthe interaction between z and¸.T he form erinteraction generatesthe acceleratedfailure tim e
m odelwhilethelatergeneratestheproportionalhazardsm odel.

4.2 L ife-tableEstim ation
Estim ation m ethodsin the absence of an underlying m odelare wellknown. T he product-lim it
m ethodofnon-param etricanalysisassum esa continuoustim escaleandhencedistinctfailuretim es.
T hedata sethasthousandsofnon-uniquefailuretim esandisthereforebettersuitedtothelife-table
m ethod.T heterm life table com esfrom theactuarialsciences.
26Taking tim eto bediscretedaysandspeaking loosely, ¸(51)istheprobability thatan accountthatsurvivespast

its50th day isclosedon its51stday.
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A strictly increasingsequenceofrealnumbersftigk+1i=0 ischosen thatpartitionsthenon-negative
realline into k+ 1disjoint intervals, wheret0= 0andtk+1 = 1.D ē nenito be the numberof
accountsthatenter[ti¡1;ti), qito bethenumberofclosures, andcito bethenumberofcensures.
A ssum ing thatthe censoring in intervalioccursat itsm idpointtm i, andthe e®ective sam ple size
isn0i= ni¡ ci=2.
Theconditionalprobabilityoffailure in theith intervalisestim atedby d̂i= qi=n0iandthesurvival

distribution function isestim atedby

Ŝ(ti)=
½
1; ifi= 0
Ŝ(ti¡1)[1¡ d̂i¡1]; ifi> 0.

Thehazardfunction isestim atedby

ĥ(tm i)=
2d̂i

(ti¡ ti¡1)(2¡ d̂i)
:

T hese non-param etric estim atescan be used to get an idea ofthe behaviorofthe underlying re-
dem ption process, ignoring the in°uenceofconcom itantvariables.

4.3 ProportionalH azardsM odel

A duration m odelhasneverbefore been ¯tto the holding tim e ofliquid ¯nancialassetsby retail
investors. In the context ofm utualfunds, there islittle econom ic theory to suggest what the
underlyingredem ption processis, oreven ifaccountshavepositiveornegativeduration dependence.
Forthisreason the acceleratedfailuretim em odelisdiscardedin favoroftheproportionalhazards
speci¯cation.
C ovariatesa®ecttheproportionalhazardsm odelin a straightforwardwaybyrescalingthehazard

function.T hisism odeledbyassum ingthatthehazardcanbefactoredin a specialwaythatseparates
tim etfrom thecovariatesz:

¸(t;z;̄ ;̧0)= Á(z;̄ )̧ 0(t);

wherethebaselinehazard is¸0.27 W ith thedistribution ofboth Á and¸0speci¯ed, theproportional
hazardsm odelisfully param etric. Ifjust the distribution ofÁ isspeci¯ed, the m odelissem i-
param etric.T helatterapproach isfollowed in thispaper.
Thebaseline survivaldistribution function is

S0(t)= e¡
Rt
0
¸0(u)du: (2)

C ombining equations(1)and(2), thesurvivaldistribution function can bewritten in term softhe
baselinesurvivaldistribution function andthefunction Á

S(t;z;̄ )= (S0[t])Á(z;̄ ):

C ovariatesz a®ectthe survivaldistribution function'srate ofdecline.G iven distinctvaluesofÁ,
survivaldistribution functionsdo notintersectfort> 0.
27L ancaster(1990)noted thateven though econom etriciansapparently prefertheproportionalhazardsclass, \no

econom etrician...haseven given an econom ic-theoretic justi¯cation ofwhy hazardsshould be proportional, oreven
approxim ately so."
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T hehazardratio ofaccountswith covariatesziandzj is

¸(t;zi;̄ ;̧0)
(̧t;zj;̄ ;̧0)

=
Á(zi;̄ )̧ 0(t)
Á(zj;̄ )̧ 0(t)

=
Á(zi;̄ )
Á(zj;̄ )

:

T hatthisratiodependsonneithertim enorthebaselinehazard¸0isim portantinboththeestim ation
andinterpretation oftheC oxm odel.A graphicalinterpretation ofthetim e-invariantassum ption is
thatgraphsofhazardsarem ultiplicativeshiftsofthebaselinehazard'sgraph.Ifthem odelwereto
contain tim e-varyingcovariates, Á(z(t);̄ ), then strictly speaking itwouldnolongerbeproportional
hazardsm odel.T hesem odelsare, nevertheless, frequently calledproportionalhazardsm odels.
From the dē nition ofthe integratedhazard, it iseasy to see that¤(T )= Á(z;̄ )¤0(T ).T he

function Á isoften chosen tobeÁ(z;̄ )= exp(z0̄)becausethem odelcan then begiven a log-linear
interpretation andthereareno com plicatedrestrictionson thecoe± cients¯:

log¤(T ) = z0̄+ log¤0(T )
= z0̄+ º:

L ancaster(1990)showsthatthe integratedhazardhasan exponentialdistribution with param eter
µ= 1.U sing thisfact, a straightforwardtransform ation showsthatthepdfofY = log¤0(T )m ust
befY (y)= expfy¡eyg.B utthisdistribution isthewell-known Type1Extrem eV aluedistribution.
T husº»EV [1;0], E[º]= ¡°, andV ar[º]= ¼2

6 , where°¼ 0:5772isEuler'sconstant.
A lthough there isa clearandintuitiverelationshipbetween zand¸ in theproportionalhazards

m odel, there isno directrelationshipbetween z and T unlessthebaselinehazardisparam etrically
speci¯ed.T hism akesthem odelhardto interpret, fortheestim atedcoe± cientsare in term softhe
integratedhazard:@ log¤(T )

@ z = ¯.N evertheless, ¸ = exp(z0̄)̧ 0= ¸0when z = 0.T hissuggests
that ifthe covariatesare carefully m easuredso thatz= 0representsthe \average" account, then
thehazardratio oftheaccountwith covariatesziandtheaverage accountis

¸(t;zi;̄ )
¸(t;0;̄ )

= ez
0
ī :

A ccountsforwhich thisterm isgreaterthan one arerisky, andaccountsforwhich thisterm isless
than one aresafe.In laterem piricalwork, the coe± cientvector¯ isofinterestonly to the extent
itallowsforthecom putation ofhazardratios.

4.4 ProportionalH azardsEstim ation
T he accountobservationsare ofthe form (Ti;±i;zi), i2 f1;:::;ng.Ti= T ¤ isthe failure tim e if
±i= 1and Ti= c isthecensoring tim e if±i= 0.T hecovariatesassociatedwith theith accountis
thek£ 1vectorzi, andthe associatedk£ 1param etervectoris¯.L etrbethe numberoffailed
accounts;thus,n¡raccountsarecensored.T heaccountorderstatisticsareT(1)· T(2)· ¢¢¢· T(r)
fortherclosedaccounts.T he associatedaccountrank statistics(i)are the labelsattachedto the
orderstatistics.28 T herisk set R (T(i))isthesetofaccountsatrisk justpriorto T(i).
There are severalstandard techniquesforestim ating param eters¯ and ¸0. T hissubsection

outlinesthe partiallikelihood approach taken by C ox(1975).T he discussion in greatly sim pli¯ed

28Ifthe93rd accountwasthesecondto fail, then (2)refersto the93rd accountand T(2)= T93.
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by considering only the case where covariatesare tim e constant.Failure and censoring tim esare
assum edjointlydistinct(therearenotiesbecausethetim escaleiscontinuous), butthisassum ption
isrelaxedbelow.
The argum entbeginsby recalling that in theproportionalhazardsspeci¯cation, ¯ isseparable

from ¸0.Since ¸0 iscom pletely unspeci¯ed, itcouldbe dē ned to be zero between T(i¡1) < T(i).
T herefore, the factthatno failureswere observedduring the interval(T(i¡1);T(i))cannotbe used
in the estim ation of¯.T hepartiallikelihoodconstructedbelow discardsthispartofthe data for
thisreason.
G iven therisk setR (T(i))andknowledgethatexactly one accountfailsatT(i), the conditional

probability thataccount(i)failsis

Pr[account(i)failsatT(i)]
Pr[onefailureatT(i)]

;

where i· r.T he num eratorissim ply the hazardforaccount(i)at T(i).T he denom inatoristhe
sum ofhazardsoffailuretim esacrossallaccountsatrisk atT(i).M athem atically, thisisgiven by

¸(T(i);z(i);̄ ;̧0)P
l2R (T(i))

(̧T(i);zl;̄ ;̧0)
=

ez
0
(i)̄

P
l2R (T(i))

ez0l̄
:

T he key insight isthat in the proportionalhazardsspeci¯cation, ¸0can be treated asa nuisance
param eterand ignored.
C ox'spartiallikelihood issim ply theproductoftheseterm sacrossallrfailuretim es:

L (̄ )=
rY

i=1

ez
0
(i)̄

P
l2R (T(i))

ez0l̄
:

Even though thisisnota likelihoodin thenorm alsensesinceitisnotproportionaltotheprobability
ofobservingcensoredandnon-censoredevents, ithasbeenshownthattheusuallikelihoodestim ation
techniquesapply. See K alb°eich and Prentice (1980;chapter5)forfurtherdetails. A ppendix C
derivesthetruelikelihoodanddiscusseswhy itcannotbeused.
Extending them odelto includeditiesatT(i) involvesan assum ption thatcensoring occursafter

allfailures. H andling the rem aining tiesoffailed observationsiscom putationally di± cult. T he
essentialintuition isthattheditiesarea consequenceofim precisely recordedfailuretim es(events
are recorded on a discrete tim e scale butthe failure processistruly continuous), and that alldi!
perm utationsofthesefailuresm ustcontributeto thelikelihood.
L etdibethenumberofaccountsthatfailatT(i), r0bethenumberofdistinctfailures, andrbe

thetotalnumberoffailuresasbefore(so
P r0

i=1di= r), anddē nethecolum n vectorsi=
P di

j=1zi;j,
wherezi;j isthevectorofcovariatesassociatedwith thejth failedaccountatT(i).L etR di(T(i))be
thesetofallsubsetsoftherisk setR (T(i)), wherethesubsetsaredrawn withoutreplacem entand
havedielem ents.Itcan beshown thatthepartiallikelihoodisthen given by

L (̄ )=
r0Y

i=1

es
0
ī

P
l2R di(T(i))

es0l̄
:
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From a com putationalperspective, thisisdi± cultto com pute.29 In laterem piricalestim ation, the
popularB reslow (1974)approxim ation isused.Itis

L (̄ )=
r0Y

i=1

es
0
ī

Ã
P

l2R (T(i))
es0l̄

!di
:

T hequality ofthisapproxim ation decreasesastheties-to-risk-setratio increases.
Thesecondparam eterthatneedstobeestim atedisthebaselinehazard.T hecom m on derivation

issim ilarin form andcom plexitytotheworkjustpresentedandwillnotbereproducedhere.R eaders
interestedin thedetailsshouldreferto K alb°eich andPrentice(1973).

5 L ife-tableEstim ates
T hissection presentsa non-param etric description ofm utualfund accountdurations.T he results
aresuggestiveforsem i-param etricm odeling in latersections.
W hatdoesthem utualfundhazardfunction look like?30 A llelseequal, a reasonablepriorwould

be a constant hazard:investors°ip a coin each period to decide whetherto redeem ornot. A n
uninform ed, noisetraderm ighthavethishazard.M oreover, allinvestorsin thesam efundm ightuse
thesam e coin, though theprobabilitiesm ightvary acrossfunds.T hisbeliefisconsistentwith the
observation thatm utualfundfam iliestreatoldandnew shareholdersuniform ly.Itisalsoconsistent
with thelegalregulationsincorporated in the1940Investm entC om pany A ct, asam ended.
A n alternative prioristhatthe hazarddeclinessm oothly overtim e.N egative duration depen-

dence isconsistentwith a beliefthatinvestorsdevelopa \taste" forthefundthatstrengthensover
tim e.Taxlock-in coulddrivethisview.A contrastingstory isthattherearetwoclassesofinvestors
with di®erentbutconstanthazards.O vertim etheproportion ofhigh-risk investorsdeclinesthrough
attrition so thepooledhazardappearstodecrease.31 Switching costsorsearching costscoulddrive
thisview.
A thirdpossibility isthatthehazardincreaseswith tim e.Positiveduration dependencecouldbe

generatedby life-cycle ortargetedsavings.Positive duration dependence isinteresting econom et-
rically because there isno ambiguity in interpretation:ifthe hazard increases, then itnecessarily
increasesforatleasta subsetofthepopulation.
Thenon-param etricsurvivaldistribution andhazardfunctionsareshown in F igure4, sm oothed

overa 91-day window. T he generally convex survivaldistribution function in PanelA declines
sm oothly from 100% to 24% afterapproxim ately ¯ve and a halfyears, atwhich pointthe rate of
decline isleveling o®.32 T he product-lim itm ean survivaltim e is2.61years.33 Q uartile estim ates
ofsurvivaltim es(in years) and the associated 95% con¯dence intervalsare 0:842 (0:82;0:85),

29In thispaper'sempiricalwork, thereare19failuresatthem edian survivaltim e and23,328accountsin therisk
set.Forthisspeci¯ci, thedenom inatorhas

¡
23328
19

¢
= 7:969e+65term s.

30L oosely speaking, the hazard function representsthe conditionalfailure probability ofaccounts.Forexam ple,
the hazard addressesquestionssuch asthefollowing:given an accountthathassurvived fortwo years, whatisthe
(conditional)probability itwillbeclosed in thenextquarter?
31T hisisa generalshortcom ing in duration analysis:declining hazardsare inherently ambiguous.Eitherduration

dependenceorheterogeneity couldbedriving thedecline.
32T here isa distinction between trading and calendardays.F inancialtransactionsoccuronly on theform er, but

duration ism orenaturally m easured in thelater.C alculationsin thispaperare in term sofcalendardays.
33T hisisestim ated as¹̂=

P k
m =1Ŝ(tm¡1)(tm ¡ tm¡1), where Ŝ isthe estim ated survivaldistribution function

andtm istheorderedeventtim e.Thissum underestim atesthem ean becausethelargestobservation iscensored.
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F igure 4:N on-param etric Survival D istribution and H azard Functions. Plots the non-
param etric survivaldistribution function, PanelA , and hazard function, PanelB , forallequity fundsthat were
opened between fall1994and sum m er2000.The usualadjustm entsforcensoring are m ade. N inety-nine percent
con¯dencebandsare included.Thesurvivaldistribution function declinessm oothly to 0.2362, and them ean ofthe
hazardfunction is0.000680.

1:882(1:84;1:90), and5:152(4:98;5:27).T hehazard in PanelB declines, butnotm onotonically.
T hepresenceofm ultiplepeaksisunexpected.Itsm ean is0.000680.
Sam ple size decreaseswith eventtim e.N ote the declining survivaldistribution function.O ne

practicalim plication ofthisisthatthe estim ateshave increasing large standard errorsoverevent
tim e.To ruleoutthepossibility thatthehazard'sbim odality isan artifactofsam pling error, 99%
con¯dencebandsarecom putedandaddedtoPanelsA andB .T hisexerciseshowsthatthetwolocal
peaksarerobustto sam pling error.
U nim odalhazardsappearfrequently in generaleconom ic contexts, butno known study docu-

m entshigher-orderm odality. C om m on ¯nance storiesdo not seem equipped to explain the two
extrem a found in PanelB , butthey are consistentwith a beliefthat investorshave¯xedlife-cycle
horizonsorthat investorsreevaluate the fund'sperform ance at ¯xed, exogenousintervals. T his
evidencesuggeststhatfully-param etricduration m odelsm ay notbeappropriateforthedata.

6 Static R edem ption R isk

T hissection appliesthesem i-param etricproportionalhazardsm odeltoaccountlifetim es.C ovariates
arerestrictedto staticdata in the inform ation setofthefundon thedatetheaccountwasopened.
Section 7addsdynam icinform ation revealedaftertheentrydate, includingsubsequentfundreturns
andwithin-accounttrading.
Theproportionalhazardsm odelisrestated:

(̧t;z;̄ ;̧0)= ez
0̄
¸0(t): (3)

B ecausethedistribution of¸0(t)isleftunspeci¯ed, thehazard¸equalsthebaselinehazard¸0when
z = 0. T hus, ifthe covariatesare carefully m easured so thatz = 0forthe \average" account,



20 6 STAT IC R ED EM PT IO N R ISK

then the baseline hazard can be interpreted asthe hazard forthe average orbaseline account.
O there®ectsare interpretedrelativeto thebaseline.Forexam ple, ifthecoe± cientassociatedwith
the indicatorvariable zi were ī = 0:6514, hazardsofaccountspossessing that characteristic are
e0:6514¡ 1= 91:8% largerthan hazardsofthe baseline account.34 Forthisreason the estim ated
coe± cients īarenotofdirectinterestin thisstudy.T hefocusinsteadwillbeon thehazardratios
ē i.Ifthe hazardratio isgreaterthan one, then the accountisrisky because it isassociatedwith
higherredem ption risk. Sim ilarly, ifthe hazard ratio islessthan one, then the account issafe
because itisassociatedwith lowerredem ption risk.
Thelargesam plesuggeststhathigh levelsofstatisticalsigni¯canceshouldberequired.H owever,

it isdi± cult to m ake strong statem entsabout econom ic signi¯cance. A rgum entsin appendix A
suggestthatm arginale®ectsgreaterthan 7:53% areprobably econom ically signi¯cant.35 T hus, this
research'sfocusison hazardratiosfrom indicatorvariablesthatarelessthan 0:9247orlargerthan
1:0753 that are also statistically signi¯cant at® = 5%. Itshould be clearfrom context whether
\signi¯cant" refersto thestatisticaloreconom icvariety.
The covariatesused in the regressionswere dē ned in Table 1, and sum m ary statisticswere

presented in Table2.

6.1 Speci¯cation

T he em piricalspeci¯cation ofm utualfund account duration ism otivated by the theory m odel:
duration isa function ofinvestortype.T hosewith high switchingcostsarelow risk whilethosewith
low switchingcostsarehighrisk.T hechallengeisto¯ndcovariatesthataredirectorindirectproxies
forthesecosts.Sixtypesofcovariatesareusedthatcollectively contributem orethan onehundred
dum m y variablesto the regressions:tim e, perform ance, fund, investortype, accountoptions, and
distribution channel.
Thetim edum m iesconsistofthefollowing:entrym onth (68dum m ies), calendarm onth (12), and

day ofweek (5).T hesedum m iesarebasedon thedate the accountwasopened.T hesecondtype
ofcovariatesincludestwosetsofperform ancedum m iesbasedon relevantm arketindices.H istorical
fund returns| weekly, m onthly, and quarterly| are m easured in disjoint intervalsatthe tim e the
account wasopened.36 T hese dum m iesequalone ifand only ifthe fund'sraw return exceeded
the index. T he third type ofcovariatesconsistsofdum m iesforeach ofthe funds. T he om itted
fund existed throughout the sam ple period. T he fourth type ofcovariatesincludesthe following
fourgroupsofdum m ies:investorage(10), sizeof¯rsttransaction (6), investm entadvisorem ployee
status(1), and investor'sstate ofresidence (7). T he ¯fth type ofcovariatesconsistsofaccount
optionschosen by the investorataccountopening:A IP/AW Pparticipation (1), whetherthe initial
transaction wasm adewith a check (1), whetherdividendsarereinvested(1), andtheselectedlevel
oftelephone trading privileges(4). L astly, a fam ily ofdum m y variablesindicate the distribution
channelthrough which fundshareswerepurchased(8).T hesechannelsweredē ned in section 3.1.
Thedistinction between thefourth and¯fth typesofcovariateswouldbe im portantifthefund

wantedtoscreen shareholders.Investorscannotgenerally changethefourth typeofcovariates(such
astheirage)in response to di®erentialfundprices, butthey can alterthe ¯fth type ofcovariates
(such astelephonetrading privileges).37

T he m odelforinvestoriwho opensan accountin fundjattim etisthe log-linearizedversion

34T hisistheestim atefortheFund/SERV channelasshown in Table5.
35A 7:53% increase in thehazarddecreasesthe investm entadvisor'sdiscountedfutureprō tby 1%.
36T hem onthly return, forexam ple, isthereturn from t¡ 30to t¡ 7.
37M utualfundsarehighly regulated.They couldnotlevy higherfeesagainstresidentsofa speci¯cstate.H owever,

they couldchoosenotto distributefundsharesin thatstate.
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ofequation 3.Itisasfollows:

log (̧t;zi;j;̄ ;̧0) = (tim e)t̄ 1+ (perform ance)j̄ 2

+ (fund)j̄ 3+ (investortype)ī 4

+ (accountoptions)ī 5+ (distribution channel)ī 6

+ log¸0(t): (4)

A lldata used in thisspeci¯cation are in thefund'sinform ation setIt attim et.T here isno \look-
ahead" bias.A llconcom itantvariablesaredē nedso thatthebaselineshareholder(z= 0)com es
through the retailtaxable channel, didnotauthorize telephone trading privileges, didnotsign up
foran autom atic investm entplan, reinvestsdividends, andpaidforthe initialtransaction using a
check.H e isnotan em ployee ofthe fund anddoesnotlive in one ofthe six largeststatesorthe
stateofthe investm entadvisor.H ediscloseshisageto bebetween 40and50yearsold.H isinitial
depositwasbetween one-halfandonetim esthefund'sm inim um andwastransactedon a M onday
in 1994.
O ne ofthe m ostwell-docum entedfactsin the m utualfundliterature isthataggregate m utual

fund°owsarehighly sensitive to fundperform ance(Sirri andTufano (1998), W arther(1995), and
Zheng(1999)).U nreportedscatterplotsshow thatthisfam ily hasattractedaccountsnon-uniform ly
overtim e, presum ably in responseto changing fundandm arketperform ance.T hereisalsogrowing
evidence that individualinvestors'trading decisionsare a function ofsecurity price paths(G oet-
zm ann and M assa (1998)and G rinblatt and K eloharju (2001))and thatportfolio allocationsare
relatedto shareholderdem ographics(A m eriksandZeldes(2000)).T he¯rstfour¯'sare, therefore,
expectedto be non-zero.C ontrolling forthesee®ects, section 6.2teststhe hypothesisthat 5̄ and
6̄ arezero.
The distribution channelscould be related to trading frequency fortwo di®erentreasons.(A

sim ilardiscussion appliesto the accountoptions.) O n one hand, investorsare random ly assigned
to distribution channels.Positive price e®ectsim ply that investorsin the low-cost channeltrade
m ore than investorsin the high-costchannel.Trading type isendogenously determ ined. O n the
otherhand, channelsserveasa screeningdevice.Investorswith preferencesforhigh levelsoftrading
tendto self-selectinto low-costtrading channels.Trading type isexogenously given.U ndereither
interpretation, thefactthatdistribution channelspredictduration issu± cientto show thatm arket
segm entation ispossible.N evertheless, the endogenousinterpretation istaken in the discussion of
theresultsbelow.

6.2 Em piricalR esults
T hissubsection discussestheestim atesofequation 4.A uniqueID isassignedtoeach account.T he
B reslow approxim ation forfailure-tim e tiesischosen.38 R obuststandard errorsare com puted.39

U nreportedlikelihoodratio testsshow signi¯cantim provem entacrossspeci¯cations, so only results
from the¯nalspeci¯cation arediscussed.T heestim ation resultsarepresented in Table5.
The agebaseline (from the om itteddum m y)isthe groupofinvestorsbetween 40and50years

old.A ccountsforwhich there isno age have a hazardratio of1.26.A partfrom the twenty-year
oldswho are10% riskierthan thebaseline, allinvestorsunderage50havesim ilarredem ption risk.
Seventy-yearoldshave the largest hazard ratio at 1.66. T hiscan be interpreted asevidence of
38T he m ethod ofestim ation waspresented in section 4.4.Efron approxim ationsdo notqualitatively change the

results.M oresophisticatedapproxim ation techniquesarecom putationally infeasible.
39N on-robuststandard errorsdo notchangetheparam eterestim ates, and they do notqualitatively changeany of

theresultsdiscussedbelow.
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log likelihood -354414.74 -353796.42 -353423.56
C O V A R IA T E H R R SE H R R SE H R R SE
dA G E00 0.606 0.047*** 0.644 0.050*** 1.001 0.087
dA G E10 0.774 0.050*** 0.806 0.051*** 1.030 0.068
dA G E20 1.085 0.024*** 1.096 0.025*** 1.095 0.025***
dA G E30 0.975 0.017 0.985 0.017 0.982 0.017
dA G E50 1.175 0.021*** 1.160 0.021*** 1.166 0.021***
dA G E60 1.452 0.031*** 1.411 0.031*** 1.420 0.031***
dA G E70 1.743 0.051*** 1.677 0.050*** 1.662 0.049***
dA G E80 1.595 0.102*** 1.553 0.100*** 1.550 0.100***
dN O A G E 1.478 0.026*** 1.326 0.025*** 1.260 0.041***

dSIZE0 0.995 0.017 1.012 0.019 1.027 0.020
dSIZE0.5 1.100 0.015*** 1.066 0.015*** 1.064 0.015***
dSIZE2.5 1.178 0.022*** 1.112 0.021*** 1.092 0.021***
dSIZE5 1.390 0.028*** 1.265 0.027*** 1.237 0.026***
dSIZE50 1.948 0.153*** 1.589 0.132*** 1.629 0.133***

dEM PL O Y EE 0.445 0.093*** 0.387 0.082*** 0.423 0.088***

dH Q 0.681 0.017*** 0.688 0.017*** 0.711 0.018***
dSTAT E1 1.133 0.019*** 1.124 0.019*** 1.111 0.019***
dSTAT E2 1.041 0.022 1.038 0.022 1.036 0.022
dSTAT E3 1.163 0.027*** 1.158 0.027*** 1.160 0.027***
dSTAT E4 0.983 0.026 0.998 0.027 1.002 0.027
dSTAT E5 1.054 0.028* 1.052 0.028 1.031 0.028
dSTAT E6 0.940 0.026* 0.943 0.026* 0.955 0.026

dA IPAW P 0.973 0.018 0.961 0.018*
dN O T check 1.622 0.032*** 1.464 0.031***
dC A SH div 1.490 0.049*** 1.331 0.044***

dT EL Exchng 1.153 0.020*** 1.330 0.027***
dT EL Erdm ptn 1.193 0.022*** 1.234 0.024***
dT EL Eboth 1.265 0.017*** 1.339 0.020***

dR ETA IL taxfree 0.858 0.018***
dM IN O R 0.614 0.026***
dT R U ST 1.096 0.035***
dFundSERV 1.918 0.091***
dEN T IT Y 0.975 0.087
dSU PER M R K T 0.323 0.157*
dO T H ER 1.103 0.066

Table5:Static R edem ption R isk. T hesem i-param etric C oxproportionalhazardsm odel, ¸(t;z;̄ ;̧0)=
ez
0̄
¸0(t), isapplied to allequity accountsthatwereopenedbetween fall1994andsum m er2000.The¯rsttrade in

the accountisevent-tim e zero, and theclosure(censure)ofthe accountisthe(censored)failuretim e.Thebaseline
hazard isleft unspeci¯ed and correspondsto z = 0. The baseline account ischaracterized by the following:the
investorisin hisforties, isnotan em ployeeoftheinvestm entadvisor, doesnotlivein oneoftheseven °aggedstates,
doesnotparticipatein an autom aticinvestm entplan, doesnotallow telephonetrading, andopenedtheaccountwith
thefund'sm inim um required investm entusing a check through theretailtaxabledistribution channel.O nly data in
the inform ation setofthe fund the day an account isopened isused to predictthe redem ption probability ofthat
account.A llvariablesarebinary andthenon-reportedcontrolsincludefunddum m ies, m onth dum m ies(68;a m onth
in 1994isom itted), calendar-m onth dum m ies(12;N ovemberom itted), day-of-week dum m ies(5;M onday om itted),
and opening return dum m ies(week, m onth, and quarter).The estim ated hazard ratios(H R )and robuststandard
errors(R SE)aredisplayedforthreespeci¯cations.Signi¯canceatthe5%, 1%, and0:5% levelsare indicatedwith *,
**, and***, respectively.
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changing switching costsacrosscohorts:those with the highestcostsare preoccupied with career
concerns(d30 andd40)whilethosewith thelowestcosthavem orefreetim e(d70).A consum ption
story isalso possible.40

T he second group ofhazard ratioscom e from account size dum m ies. T he baseline account
deposited between one-halfand one tim esthe fund'sm inim um . T he sm allest accountsare not
signi¯cantly di®erentfrom thebaseline, andaccountsbecom eshorter-livedasthey getlarger.T he
largest accountsare 63% riskierthan the baseline. T hese e®ectsare consistent with the theory
m odel:thesm allerinvestorhashigherswitchingcostsbecausehehasfeweralternativesora sm aller
incentiveto m onitorthe account.T heresultssuggestthata m orecom prehensive m odelofm utual
fundtrading wouldincludea m ore°exiblespeci¯cation ofswitching costs.
Thefundskeeptrack ofinvestorswho areeitherfundem ployeesorrelativesoffundem ployees.

Fundem ployeesaresigni¯cantly longer-lived.H owever, in non-reportedresults, therearenosigni¯-
cantdi®erencesin tradingpatternsbetween theseaccountsandthenon-em ployeeaccounts.Ifthese
investorspossessinside inform ation on short-term futurefundperform ance, they do notappearto
betrading on it.
M utualfundsm ustregisterto selltheirsharesin every state in which they wish to do business

underbluesky laws.41 B ecause fundstypically pay a state-speci¯c fee thatallowsthem to sellup
to a ¯xed numberofsharesin that state, they are required to record the state ofresidence for
every purchaseroffundshares.T he seven largeststatesforshare purchasesare assigneddum m y
variables.T he state ofthe m anagem entcom pany isspecially coded asdHQ and the othersix are
codedasdSTATE1{dSTATE6.42;43

Itissurprising thattwo ofthestatedum m iesarestatistically andeconom ically signi¯cant, but
theire®ectsare sm allcom pared to othercovariatesofinterest. T he dum m y forH Q isrelatively
large and statistically and econom ically signi¯cant, however, even aftercontrolling forem ployees
whopresum ably reside in H Q .T hise®ectisinteresting, especially in lightofthehom e-country bias
literature(see French andPoterba (1991)and C ovaland M oskowitz(1999))which docum entsthat
investorstendto own \local" assets.H ere, an additionalbiasisfound:localinvestorstendto be
longerlived.
Som einvestorsopttoestablish autom aticinvestm ent(withdrawal)planswherebya ¯xedam ount

ofm oney isregularlydebited(credited)from (to)theirbank account.T hereisnorecordofwhether
such a plan wasestablishedwhen theaccountwasopened, only whatwasin e®ectwhen theaccount
waslastobserved.H owever, since individualautom atictransactionsaredynam ically codedassuch
in the transaction data, a proxy variable(dAIPAWP)isconstructed.T hisdum my equalsone ifand
only iftherewasan autom atictransaction during the¯rstninety daysoftheaccount.44 T heresults
show thattheseaccountsarelessrisky, butthee®ectisnoteconom ically signi¯cant.45

Som einvestorsm aketheirinitialdepositwith a check whileothersusealternativem eanssuch as

40A lternatively, ¯nanceprofessionalsfrequently adviseclientsto holdm orebondsoverthelife-cycle.Theevidence
isbroadly consistent with thisadvice and with som e m odelsofportfolio theory asdiscussed in Jagannathan and
K ocherlakota (1996).A m eriksandZeldes(2000)providean excellentintroduction to thistopic.
41T he blue sky lawsare depression era regulationsdesigned to preventthe sale ofsecuritiesbacked only by the

\bluesky."
42T henam esofthestatesarenotdisclosedto protectanonym ity.
43T hefundshavea disproportionately largeshareoftheH Q m arket.
44T hirty daysisnot chosen since autom atic transactionsare som etim esestablished with a quarterly frequency.

A dditionally, therem ay bea lag in thetim eittakesthefundandthe¯nancialinstitution tom akethe¯rstsuccessful
transaction.
45T he fundskeep track ofonly active A IP/AW Pplans.A dum my forthisexpostm easureofparticipation hasa

largere®ectthan theexante m easurepresented in Table5.Thisisconsistentwith a beliefthatdissatis̄ ed investors
m ightcancelautom aticplansbeforedeciding to liquidate the accountwhilesatis̄ ed investorsm ightinitiatesuch a
plan.(Therearecom paratively few AW P's.)
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a wireorA utom atedC learing H ouse(A C H )transfer.M ailing a physicalcheck tothefundgenerally
takesm oretim eandinvolvesm oreuncertaintyabouttheeventualinvestm entdatethan otherm eans.
M arkettim ersand investorswith shortinvestm enthorizonsm ight¯ndthisstrategy unacceptable.
T he evidence isconsistentwith thisexpectation:investorswho do notpay with a check are 46%
riskierthan thosewho do.T hisdi®erence isstatistically andeconom ically signi¯cant.
M ostaccounts(95:7%)reinvestdividends.T hose thatdo nothave a hazardratio that is33%

higherthan thebaseline.Thise®ectisstatistically andeconom ically signi¯cantaftercontrolling for
othervariables|such asage| thatm ightbecorrelatedwith theneedfordividends.
A ccountsm ayhavetelephoneexchangeprivileges,redem ptionprivileges,both, ornone(om itted).

T hoseaccountsthatselectsom eform oftelephoneprivilegesaresigni¯cantly riskierthan thosethat
donot.Eitherinvestorsrationallyselectthetelephonetradingoption basedon theirexogenoustype
orinvestorschooseto tradeaccording to theirendogenously realizedtrading costs.
There are policy im plicationshere.M utualfundsare increasing o®ering optionsthatsim plify

thetradingprocesssuch astelephonetrading citedaboveand, m orerecently, Internettrading.T his
m ightberationalbusinessstrategy forthe investm entadvisorifinvestortype isexogenous.Iftype
isendogenous, however, reducing the investor'sswitching costshurtsthe investm entadvisorin the
shortterm by m aking iteasierforitscustom ersto leave.T helong-term socialwelfare im plications
are notclear.W ith lowerswitching costs, willinvestors¯nd fundsthatdeliverexcessreturns, or
willthey sim ply m igrateto fundsthatachievedhigh recentreturnsby luck?
T he distribution channelisidenti¯ed foreach account.46 T he eight groupsare retailtaxable,

retailtax-free, m inors, trusts, Fund/SERV , entity, superm arket, andother.T heom ittedcategory in
theregression isretailtaxable, which hasthelargestnumberofaccounts.A sexpected, thelargest
e®ectcom esfrom the Fund/SERV channel.A ccountsin thislow-costchannelare92% riskierthan
the baseline accounts.M inoraccountsare 39% saferand trustaccountsare 10% riskierthan the
baseline.T he insigni¯canthazardratiossuggestthatthesm allgroupsofentity andm iscellaneous
accountshavedurationsstatistically indistinguishablefrom thebaseline.T hem arginally signi¯cant
coe± cienton theom nibusaccountsisignored.47

T hetrustaccountdum m yhasthesecond-to-the-largestsigni¯canthazardratio.D oesthisre°ect
lowerswitchingcoststhrough m oreactive, professionalm anagem entorisita consequenceofuncon-
ditionally shorterinvestm enthorizons? T heretailtax-freeaccountsarenearly ¯fteen percentsafer
than theirtaxedcounterparts.T hisisconsistentwith folk wisdom in the industry, butinconsistent
with thetaxadvantagesofrealizing capitalgainsinsidetax-freeaccounts.48

In the contextofthese channele®ects, it isworthwhile to considerthe factthatto the extent
m utualfundschoosethechannelsthrough which fundsharesaredistributed, theychoosethetypeof
investorsin thefund.Forexam ple, fundschoosewhetherornotto haverisky investorsby choosing
whetherornotto participate in the Fund/SERV orsuperm arketchannels.Estim ation in section 8
quanti¯esthecosttothefund'sothershareholderswhen itdistributessharestoobservablydi®erent
shareholders.
A lthough m any oftheabove-m entionedindividualcoe± cientsareeconom ically andstatistically

signi¯cant, itm ustberem emberedthatm ostaccountspossessseveralofthem easuredcharacteristics.
Suppose, forexam ple, thata thirty-̄ veyearoldopeneda retail, tax-freeaccountwith a check atthe
fund'sm inim um , dividendswere reinvested, no telephone privilegeswere authorized, and an A IP
46T hey weredē ned in section 3.1.
47A lthough no ¯rm thathad an om nibusrelationship with the fundsterm inated it, there were severalinstances

ofthe accountsbeing reregistered.Thus, the failuresthatexist in thiscategory are in som esense arti¯cial.T hese
reregistrationsnotareexcludedsincethey alsoexistin theothercategories.In unreportedregressions, droppingthese
accountsdoesnotchangetheresults.
48M utualfundscom m only allow lowerinvestm entlim itsin tax-deferredaccountsdespitetheirhigheradm inistrative

costs.Thissuggeststhatinvestm entadvisorsbelievetheseaccountsaresom ehow m oreprō tablethan theothers.
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wereestablished.T hisaccountwouldbeexpectedto be

1¡ 0:982£ 0:858£ 1£ 1£ 1£ 1£ 0:961= 19%

saferthan thebaselineaccount.A residentofstatesixwouldbe23% safer, whileonefrom H Q would
be 42% saferthan the baseline account.O n the otherhand, a retail-taxable accountopenedby a
seventy-̄ veyearolddepositing ¯fty-tim esthefund'sm inim um by wireandchoosing fulltelephone
privilegeswhilenotreinvestingdividendsis606% riskierthan theaverageaccount.T hesecombined
e®ectsaresigni¯cantandrelevantto both thefundandthe investm entadvisor.
Theunreportedfundandtim e e®ectswere qualitatively sim ilaracrossspeci¯cations.H owever,

the day-of-the-week e®ectdid change with the controlsforinvestortype. M onday accountswere
signi¯cantly saferandW ednesday accountsweresigni¯cantly riskierin theearlierspeci¯cations.In
the ¯nalspeci¯cation, aftercontrolling forinvestortype, only a m arginally signi¯cant W ednesday
e®ectrem ains.T hisisconsistentwith L akonishok andM aberly(1990)who¯ndthatunsophisticated
individualstransacton M ondayswhilesophisticatedinstitutionstransacton W ednesdays.
In sum m ary, m any ofthe covariatesanalyzed in thissection are econom ically andstatistically

signi¯cantpredictorsofaccountduration.T he largeste®ectscom e from the fund-delivery m echa-
nism .49 T hesechannelsaregoodpredictorsofduration andarguablycouldbeusedbyfundm anagers
to sortinvestorson an exante basis.50 T hedirection ofthesee®ectsisconsistentwith a switching
costm odeloftrading wherehigh switching costsdeterstrade.
Thedocum entedpooling isnotentirely basedon thestandardinsurance argum entdiscussedin

the introduction becausethecovariatesareknown to the investm entadvisorwhen theshareholder
¯rstjoinedthefund.T hepuzzle iswhy fundschooseto poolobservably di®erentinvestors.

7 D ynam ic R edem ption R isk

T heprevioussection usedconstantconcom itantvariables, data thatareavailabletothefundon the
day an accountisopened.B ydynam ically addingsubsequentfundreturnsandtheinvestor'swithin-
accounttrading, thissection addressestheconcern thatsubsequenteconom icandfundperform ance
m ight im pact accountretention.T hisrobustnessexercise strengthensthe resultby showing that
theobservablepooling isnotsim ply an artifactoftheearliertim e-invariantassum ptions.
In theory, theproportionalhazardsm odelcan handlecontinuously-varying covariates.In prac-

tice, tim e isdiscretized. Foreach account i, the ¯rst episode beginsat ti;0 = 0and endsat
ti;1 = m inf30;Tig, where Ti isthe account'sobserved duration in calendardays.51 T he second
episode, if it exists, beginsatti;1 = 30and endsatti;2 = m inf60;Tig. T hus, episodeslook like
[ti;k;ti;k+1), whereti;k+1¡ti;k = 30forallbutpossibly the¯nalepisode, and

S
[ti;k;ti;k+1)= [0;Ti).

C ovariatesforaccountiare assum ed constant within episodes, but are allowed to jum p between
episodes.
Three new classesofvariablesare used in thisspeci¯cation.T hey are asfollows:new episode-

based tim e dum m iesthat capture m onth e®ects(68covariates)and calendar-m onth e®ects(12),

49T he channeldi®erencescan be seen in another, non-param etric way by recomputing the K aplan-M eierm ean
survivaltim eforeach ofthem.O m itting thetiny groupofom nibusaccounts, them ean survivaltim esin yearsareas
follows:2.59(retailtaxable), 2.90(tax-free), 3.35(m inor), 2.06 (trusts), 1.36 (Fund/SERV ), 2.24(entity), and 1.75
(other).R ecallthattheheavy censoring atlong horizonsdownwardbiasestheseestim ates.R eferto footnote33.
50A fundfam ily couldopen onegrowth fundtosuperm arket-styledistribution andrestricta parallelonetodirect-

only investors.
51T hirty daysisarbitrarily chosen asthebaseunitoftim e;choosing a 91day basedoesnotm aterially changethe

results.
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L ast-period-tradedum m ies
dL A G buy true iftherewasa (non-autom atic)purchase in thepreviousepisode
dL A G sell true iftherewasa (non-autom atic)redemption in thepreviousepisode

Ever-tradedum m ies
dEV ER buy true iftherewasa (non-autom atic)purchasebeforethecurrentepisode
dEV ER sell true iftherewasa (non-autom atic)redemption beforethecurrentepisode

Fundreturns
fundreturnL 1 di®erencebetween theannualizedlaggedfundreturn andthe

annualized averagefundreturn
fundreturnL 2 di®erencebetween theannualizedtwice-laggedfundreturn andthe

annualized averagefundreturn

A ccountreturns
accountreturn di®erencebetween theannualized account'slifetim ereturn andthe

annualized averagefundreturn

Table 6:D ē nitionsofT im e-varying C ovariates. D ē nesthe tim e-varying covariatesadded to the
dynam icregression analysis.Thetradecovariatesaredum m ieswhilethereturn covariatesarecontinuous.

m easuresofwithin-account trading (4), and realized returnsforboth the fund (2) and the ac-
count (1). U nlike the static case, these tim e dum m ieschange overthe account life-cycle. T he
return variablesare the only non-binary covariatesused in thisregression. Table 6 dē nesthe
new, tim e-varying variablesthatare addedto section 6'sstatic speci¯cation, andTable7provides
episode-weightedsum m ary statisticsforthesenew covariates.

7.1 Em piricalR esults

Table8presentsthreespeci¯cationsoftim e-varying redem ption risk.T hehazardratiosforthe in-
vestorage, accountsize, em ployeestatus, andstateofresidencearenotm ateriallydi®erentfrom the
staticcasepresentedin Table5.T hey arenotreported.T heB reslow approxim ation forfailure-tim e
tiesisagain used, butnon-robuststandarderrorsarereported.52 U nreportedlikelihoodratio tests
show that the recentfund return variables(third speci¯cation)are m ore im portantthan account
lifetim ereturns(secondspeci¯cation)in predicting redem ption risk.N evertheless, thefourth spec-
i¯cation that includesalltim e-varying covariatesisunequivocally betterthan the others.R esults
arediscussedin term softhatspeci¯cation.
The ¯rst group ofcovariatesm easure non-autom atic trading in the fund.53 T he recent-trade

dum m ies(dLAGbuy/sell) indicate whetherthe account experienced a purchase ora redem ption
during thepreviousepisodewhile theevery-tradedum m ies(dEVERbuy/sell)indicate whetherthe
accountexperienced a purchase ora redem ption upto thatpoint in itshistory.54 T he interaction
between these variablesm ustbe consideredwhen interpreting them .Forexam ple, the im m ediate
e®ectofthe¯rstnegativetradein an accountisto increasethehazardratioby1:52£1:51¡1= 130%.
Sim ilarly, the resultsshow that the im m ediate e®ectofthe ¯rstpurchase isto m ake the account

52R obuststandarderrorsarecomputationally intensiveandnotfeasibleisthislargerdata set.Footnote39suggests
thatthey wouldnotqualitatively changetheresults.
53A utom atictrading iscapturedby thestaticdum my dAIPAWP.
54A lthough thesetrading m easuresdo notincludeA IP/AW P's, they do includeexchanges.
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C ovariate M ean Std.D ev.
censored 0.975 0.157

dL A G buy 0.044 0.205
dL A G sell 0.007 0.084
dEV ER buy 0.344 0.475
dEV ER sell 0.080 0.271

fundreturnL 1 31.858 147.536
6.724 m edian

fundreturnL 2 29.026 142.123
6.052 m edian

accountreturn -3.358 26.437
-5.858 m edian

Table 7:Sum m ary Statistics ofT im e-varying C ovariates and T im e-constant C hannel
D um m ies. Each account'slifetim e issplit into 30-day episodesand a ¯nalepisode which m ay beshorterthan
30days:[0;Ti)=

S
[ti;k;ti;k+1).Fora given account, thetrading dum m iesstartatzerobutwillbecom eonelaterif

there isan appropriate trade in the account.Theone-and two-period lagged fundreturnsm easureannualized, raw
fund perform ance.The accountreturn m easure isthe return ofthe fund from thedate the accountwasopened to
thestartofthecurrentepisode.B oth return m easureshavesubtractedfrom them theaveragefundreturn duringthe
fall1994to sum m er2000period.A ccountsopened beforefall1994areexcluded asare allaccountsin ¯xed-incom e
funds.Thethreereturn variablesaretheonly non-binary covariatesused in thisresearch.Thereareapproxim ately
one-and-a-halfm illion episodesin thedatabase.
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log likelihood -355114.31 -355108.74 -348930.17 -348748.79
C O V A R IA T E H R N R SE H R N R SE H R N R SE H R N R SE
dH Q 0.701 0.017*** 0.702 0.017*** 0.703 0.017*** 0.702 0.017***

dA IPAW P 0.923 0.018*** 0.923 0.018*** 0.921 0.018*** 0.922 0.018***
dN O T check 1.418 0.027*** 1.419 0.027*** 1.429 0.027*** 1.423 0.027***
dC A SH D IV 1.261 0.033*** 1.262 0.033*** 1.264 0.033*** 1.253 0.033***

dT EL Exchng 1.302 0.027*** 1.302 0.027*** 1.295 0.027*** 1.293 0.027***
dT EL Erdm ptn 1.218 0.023*** 1.218 0.023*** 1.219 0.023*** 1.220 0.023***
dT EL Eboth 1.306 0.019*** 1.307 0.019*** 1.307 0.019*** 1.305 0.019***

dR ETA IL taxfree 0.857 0.018*** 0.857 0.018*** 0.859 0.018*** 0.861 0.018***
dM IN O R 0.626 0.026*** 0.626 0.026*** 0.629 0.026*** 0.629 0.026***
dT R U ST 1.121 0.032*** 1.121 0.032*** 1.118 0.032*** 1.118 0.032***
dFundSERV 2.236 0.089*** 2.238 0.089*** 2.152 0.086*** 2.123 0.085***
dEN T IT Y 0.994 0.088 0.994 0.088 0.996 0.088 0.996 0.088
dSU PER M R K T 0.235 0.097*** 0.235 0.097*** 0.231 0.095*** 0.234 0.097***
dO T H ER 1.058 0.058 1.057 0.058 1.056 0.058 1.062 0.058

dL A G buy 0.661 0.022*** 0.662 0.022*** 0.666 0.022*** 0.659 0.022***
dL A G sell 1.539 0.065*** 1.543 0.065*** 1.539 0.065*** 1.517 0.064***
dEV ER buy 1.044 0.013*** 1.044 0.013*** 1.038 0.013*** 1.035 0.013**
dEV ER sell 1.500 0.028*** 1.499 0.028*** 1.513 0.028*** 1.520 0.028***

fundreturnL 1 0.992 0.000*** 0.992 0.000***
fundreturnL 2 0.992 0.000*** 0.992 0.000***
accountreturn 0.999 0.000*** 1.006 0.000***

Table 8: D ynam ic R edem ption R isk. T he sem i-param etric C ox proportional hazards m odel,
¸(t;z;̄ ;̧0)= ez

0̄
¸0(t), isapplied to allequity accountsthat were opened between fall1994and sum m er2000.

The¯rsttrade in theaccountisevent-tim ezero, andtheclosure(orcensure)oftheaccountisthe(censored)failure
tim e.Thebaselinehazard isleftunspeci¯ed andcorrespondsto z= 0.Thebaselineaccountischaracterizedby the
following:the investorisin hisforties, isnotan em ployeeofthe investm entadvisor, doesnotlive in oneoftheseven
°aggedstates, doesnotparticipatein an autom aticinvestm entplan, doesnotallow telephonetrading, andopenedthe
accountwith thefund'sm inim um required investm entusing a check through theretailtaxabledistribution channel.
D ata that isin the inform ation setofthe fund on the day the account isopened isused in the regression (every
covariatefrom Table5's¯nalspeci¯cation)asisexpostdata thatcapturestim ee®ects, within-accounttrading, once-
andtwice-laggedfundreturns, andaccountlifetim ereturns.Thetim edum m iesconsistofallprevioustim edum m ies
plusepisodem onths(68;a m onth in 1994isom itted)andepisodecalendar-m onths(12;N ovemberom itted).Thees-
tim atedhazardratios(H R )andnon-robuststandarderrors(N R SE)aredisplayedforfourspeci¯cations.Signi¯cance
atthe5%, 1%, and0:5% levelsare indicatedwith *, **, and***, respectively.
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safer.A ssum ing there are no last-periodtradesin the accountatsom e pointduring the account's
lifetim e(dLAGbuy/sell = 0),therelativelysm allbutgreaterthan onehazardratiofortheever-trade
dum m y (dEVERbuy/sell)isinitially puzzling butisconsistentwith thetheory m odel:ever-bought
investorshavesignaledtheirlow switchingcosts.T hise®ectisnoteconom icallysigni¯cant, however.
Thesecondgroupofcovariatesm easuresfundperform ance.In othercontexts,studieshaveshown

thataggregatefund°owsarenotparticularly sensitiveto thechosen m easureoffundperform ance
(G ruber(1996), Sirri andTufano(1998), andZheng(1999)).T hepresentresearch weightsaccounts
equally (asopposedto dollars), and C apon, F itzsim ons, andPrince (1996)docum entthatm utual
fundinvestorsareunexpectedlyunsophisticated(seefootnote5).Itseem sunlikelythatsophisticated
m easuresoffundreturn would explain accountdurationsbetterthan sim ple ones.In unreported
results, no noteworthy di®erencesarefoundacrossseveralm etrics.A sim plem easure is, therefore,
reported.
Thedem eaned, annualized, fundreturn during [ti;k;ti;k+1)foraccountiin fundj is

fundreturnj;t0i;k+1 = 100£

2
4
Ã
C R j;t0i;k+1

C R j;t0i;k

! 365
ti;k+1¡ti;k

¡ rj

3
5 ;

wheret0i;k isthecalendartim eassociatedwith theeventtim eti;k, C R j;t0i;k
isthecum ulativereturn

offund j at calendartim e t0i;k, and rj isthe annualized return offund j throughout the sam ple
period.Subtracting rj allows¸0to retainsitsinterpretation asthehazardofthe average account.
In otherwords, thebaselineaccountexistedwhen thefundexperiencedaveragereturns.T hehazard
ratio on thiscovariate then captureswhathappenswhen the fundperform sbetterorworse than
average.
Thedem eaned, annualized, accountreturn att0i;k isthereturn offundjfrom thedate account

iwasopenedto thestartoftheepisode[ti;k;ti;k+1).Itiscalculatedasfollows:

accountreturnj;t0i;k = 100£

2
4
Ã
C R j;t0i;k

C R j;t0i;0

! 365
ti;k¡ti;0

¡ rj

3
5 ;

whereti;0= 0isthestartoftheaccount'sinitialepisode.
Itisoften taken forgrantedthatinvestorsin m utualfundsreceivethesam ereturn asthefunds

in which they invest.T hereturnsareequalonly iftheinvestor'sholdingperiodwasthesam easthe
evaluation period ofthe fund.To the extentthat investorscan enterandexitthe fund, however,
theirreturnsm ight diverge from those ofthe funds. C onsidera fund that hasnegative returns
during the¯rsthalfoftheyear, positivereturnsin thesecondhalfoftheyear, andan annualreturn
ofzero.Suppose furtherthat itdoublesitsshareholderbase atm id-year.B ecause twice asm any
shareholdersexperiencedtheperiodofpositivegrowth asexperiencedtheperiodofnegativegrowth,
theinvestorsasa groupexperienceda positivereturn even though thefund'sreturn waszero.Zheng
(1999)testsforG ruber's(1996)\sm artm oney" e®ectand ¯ndsthatfunds'in°owsare positively
relatedtofuturefundreturns.In otherwords,she¯ndsthatinvestorsdohavesom eability tochoose
fundsthatperform wellin thefuture.
Table 7showsthatthe episode-weighted m ean ofthe dem eanedreturn variablesare notzero.

Forthe ¯rst lag offund returns, the m ean return is32% and the m edian return is7%. O n an
annualized, episode-weighted basis, the m edian investoroutperform sthe underlying fund by 7%.
T hese investorsare\sm art" becausethey disproportionately chosetobe in thefundwhen thefund
experiencedabove-averagereturns.55

55T he m ean and m edian ofthe accountreturn variable hasno easy econom ic interpretation because these non-
orthogonalreturnsm easuretheaccount'slifetim ereturn.
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F igure 5:ProportionalH azardsEstim atesofSurvivalD istribution and H azard Func-
tions. Plotsthe baseline survivaldistribution, PanelA , and the baseline hazard functions, PanelB , forequity
fundsfrom fall1994to sum m er2000. The verticalaxesare scaled to m atch the non-param etric case plotted in
F igure4.Thebaselinesurvivaldistribution function decreasesfrom oneto0.7033.Them ean ofthebaselinehazard
function is0.000199.

G rinblattandK eloharju (2001)show thatreturnsolderthan onem onth do notgenerally a®ect
theselling decision ofinvestorsin the F innish stock m arket.O nly one-andtwo-episodelagsofthe
return variable are, therefore, included in the present article.T he estim ated hazardratio forthe
¯rstlag offundreturnsis0:9915.A ten percent increase in last-period annualized, average fund
perform ance(which also increasesaccountreturns)decreasesredem ption risk by

10£ (1¡:992£ 1:006)= 2%:

T he e®ectofthe secondlag isto decrease redem ption risk by the sam e 2%.C uriously, aftercon-
trolling forrecentfundreturns, positive accountreturnsincreaseredem ption risk:a 10% increase
in accountreturnsm orethan two m onthspreviousraisesrisk by 6%.T hereturn e®ectsseem sm all
relativeto othercovariatesofinterest.
R evisiting the investorand accountcovariates, theirhazardratiosare qualitatively unchanged

in thisim provedm odel, exceptthattheautom atic investm entplan isnow econom ically signi¯cant.
Im portantly, thechannele®ectsareshown toberobusttochangingstatevariables, andthey rem ain
econom ically andstatistically signi¯cant.

7.2 N on-param etric B aselines

Itispossibletorecoverthebaselinesurvivaldistribution function S0andbaselinehazardfunction¸0.
From Table 8's¯nalspeci¯cation, the baseline survivaldistribution andbaseline hazardfunctions
are estim ated, sm oothedovera 91-day window (to be consistentwith section 5), andpresented in
F igure5.T heverticalaxesarescaledto m atch thenon-param etriccaseplotted in F igure4.
Thebaselinesurvivaldistribution function in PanelA showsthatseventy percentofthebaseline

accountssurvive atleast¯ve years.R ecallthatonly a quarterofallaccountssurvived ¯ve years
in thenon-param etriccase.T hem oststriking featureofthebaselinehazardfunction in PanelB is
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F igure6:ProportionalH azardsEstim atesofSurvivalD istribution andH azardFunctions
form inor and Fund/SERV A ccounts. Plotsthe survivaldistribution function, PanelA , and hazard
function, PanelB , forthebaselineaccount(solidline), theFund/SERV account(dashedline), andthem inoraccount
(dotted line)from fall1994to sum m er2000.Theverticalaxesarescaled to m atch thenon-param etric caseplotted
in F igure4.

thatitisrelatively °at, corresponding with thenearly linearbaselinesurvivaldistribution function.
T hem ean ofthebaselinehazardfunction is0.000199.
Thepeak in the baseline hazard'sgraph isaboutone and a halftim esthe valley.Since m any

estim atedhazardratiosofinteresthavee®ectsgreaterthan 50%, theduration e®ectofthebaseline
hazard issm allrelative to m any covariatesofinterest.T hisisgraphically illustrated in F igure 6.
T hehazardratiofortheFund/SERV accountsis2:123.T hesafestquarteroftheiraccountlife-cycle
isriskerthan theriskiestquarterofthebaselineaccount'slife-cycle.O n theotherhand, thehazard
ratio forthe m inoraccountsis0:629.T he riskiestquarterofthisdistribution channelissim ilarly
saferthan thesafestquarterofthebaseline account'slife-cycle.
Section 4.1illustratesthatthehazardcan beinterpretedasa probability ofconditionalfailure.56

Forexam ple, the average daily baseline hazard is0.000199.M ultiplying thisnumberby 91gives
the approxim ateprobability (1:8%)thatthebaseline accountfailsduring thenextquarter.57 T his
servesto reem phasize the observation aboutthe estim atedbaseline survivaldistribution function:
baselineaccountsare\sticky."
In sum m ary, thissection showsthat although fundreturnsandtim e e®ectsin°uence redem p-

tion risk, otherconcom itant variableshave a largerim pact. It isespecially noteworthy that the
distribution channele®ectsstillexistandarestillstrong.T hey arelargerthan m ostothervariables
ofinterest, even fundreturns.T hese resultssuggestthat fundscoulddram atically decrease their
redem ption rateswerethey to stopdistributing fundsharesthrough therisky channels.
Thechannele®ectsareeconom ically largeandrobustto m odelspeci¯cation.U nreportedaccel-

eratedfailuretim eand O L S regressionsshow equally signi¯cantchannele®ects.58

56A ppendix A interpretsthebaseline hazard by constructing an arti¯cialmutualfund and observing the realized
distribution ofaccountfailureson a quarter-by-quarterbasis.
57T hem inim um ofthehazardis0.000161(1:5% oftheaccountsfailin thatquarter)whilethem axim um is0.000245

(2:2% fail).
58T he accelerated failuretim e m odelislnTi= z0̄+ lnT0.O L S estim ation ofthisspeci¯cation ignorescensoring
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8 C ostEstim ates
Previoussectionsdocum entthatthe fundscontain shareholderswith observably di®erentliquidity
needs.T hissection exploreswhetherthispooling hasan econom ic im pact.In contrastto earlier
work thatfocusedon account-leveldata, theunitofobservation hereistheinvesteddollar.In other
words, thissection m easures°owsofdollarsandnot°owsofaccounts.
Shareholder°owsim pose both direct and indirectexpenseson the fund.D irectcostsinclude

im plem entation costssuch asbrokerage com m issions, bid-ask spreads, and price im pact. Jones
and L ipson (2001)docum ent that these one-way costsare 85bp fortheirsam ple ofinstitutional
investorsthattradeon theN Y SE andA M EX.D irectcostsalso includethee®ectsoft+1accounting
(dē nedbelow).Indirectcostsincludechangestothefund'sportfoliom adein responsetofund°ows,
\tracking error," andwillnotbem easuredin thispaper.
Thissection quanti¯esthree direct costs. Section 8.1 m easuresthe cost di®erence between

private and pooled accounts, showing that long-term investorspay highercostsin m utualfunds.
A n interlude in section 8.2discussest+ 1accounting.Section 8.3 m easuresthe fund'saggregate
liquidity cost.L astly, section 8.4m easurespooling costsforthedirectand indirectaccounttypes.

8.1 Private A ccountC ost
Investorscan chooseeithertoseparate in privateaccountsortopoolin m utualfunds.T hissubsec-
tion focuseson directcostsexclusively andexploreswhich investorsshouldpoolandwhich should
separate.In orderto avoid com plication, peripheralconcernssuch asassetdivisibility and active
trading strategiesare ignored.
Private accountspay transaction coststwice| ¯rstwhen they arecreatedassecuritiesarepur-

chased and second when they are liquidated assecuritiesare sold. Ignoring price changesand
discountfactors, these costsare thesam e forallholding periods.U sing the Jones-L ipson estim ate
of85bp, theprivate-accountcostisestim atedto be170bp.59

Pooledaccountspay a proportionate am ountofthefund'saggregate costseach trading day.If
an indexedstrategy isassum ed| the fundtrade only in response to shareholder°ows|daily costs
aresim ply a productofthescalednetdaily °owsandthe im plem entation costs:

1
N

NX

j=1

TjX

t=1

im plem entation cost£ jnetdaily °owsj;tj
T N A j;t

;

whereN isthenumberoffundsin thesam ple, Tj isthenumberoftradingdaysforthejth fund, and
T N A j;t istheassetsin fundjattim et.T heaveragecostofallfundsin thesam pleisapproxim ately
0.0044bppertradingdayor0.0030bppercalendarday.60A gain ignoringpricechangesanddiscount
factors, an investor'sexpensewouldbethisdaily costmultipliedby hisholding period.
C ombining these results, the individual-levelpooling cost issim ply the di®erence between the

pooled and private account costs. C ostsin the fund grow linearly with tim e while the private
accountcostsare ¯xed.T hisim pliesthat in the fund, short-term investorsarebettero® because
they get a pooling gain while long-term investorsdo worse because they pay a pooling cost.T he
intercept isthebreakeven point.SeeF igure7.
Thepooling costm easure issensitive to thechoice ofholding periods, so the following realistic

horizons(in years)areused:0.36, 0.84, 1.88, 2.61, and5.15.T hesehorizonscorrespondtothe10th,

andthenon-norm alerrorterm.
59T he85bp istheestim ated institutionalim plem entation cost.Thecostfornon-institutionsislikely higher.
60N early allinvestorsreinvestdividends.The fund isassum ed able to reinvestthose dividendsatno cost in this

exercise.
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F igure7:Pooling G ainsand C osts. Totaltrading costsin theprivateaccountistim einvariant.C ostsin
themutualfund increaselinearly with tim e.A tthe intercept, totalcostsarethesam e.B eforethattim e, themutual
fundhaslowercostswhileafterthattim etheprivateaccounthaslowercosts.

25th, 50th, m ean, and75th percentilesofnon-param etricaccountlifetim es.T heannualizedpooling
costsarepresentedin Table9.
L ong-livedaccounts| the75th percentileor5.15years| lose77bpperyear.O n theotherhand,

thepooling costsfortheshort-livedaccountsarenegativeandare interpretedaspooling gains.For
exam ple, at85bpand0.36 years, theannualizedpooling gain is+3:57%.T helastitem to m ention
isthattheintercept, ortheday atwhich thetwo accounttypesyieldthesam eexpense, is1.53years
andby construction isinvariantto the im plem entation cost.Investorswith a horizon of1.53years
are indi®erentbetween thetwo investm entvehiclessinceboth havethesam ecosts.

8.2 t+ 1A ccounting

U nlikem ost¯nancialinstitutions, fundsclosetheirbooksevery businessday.T hisposesa problem
because accountssettle before the fundlearnsofits°owsforthe day.Edelen and W arner(2001)
discusstheprocessby which thefundlearnsofits°ows.
O nce the m arketcloses, the fund'stransferagenthasto im m ediately strike the N AV to get it

distributedthrough thewireservices.Itiscalculatedasfollows:

N AV t=
fundassetst¡1£ assetpricest

fundsharest¡1
:

A lthough the t¡ 1shareholder°owstechnically occurred on date t¡ 1, they willnot a®ect the
fund'sN AV untilt.T hisdistinction isim portant ifthe fund'sreturn isnon-zero from t¡ 1to t.
A dditionally, sinceasset°owsarealsoreportedto thetransferagenta day late, t¡1m anager°ows
willnot a®ectthe N AV untilt.T hisdistinction isim portant ifthe t¡ 1intraday assetreturn is
non-zero.T henete®ectisthatthefullim pactofshareholder°owsm ightnotbefeltfortwo days.
To illustratetheaccounting e®ecton thefund, consideran investorwhobuyssharesofthefund

today at$5.00pershare.T he fundm anagerwillnotlearn ofthispurchase untiltom orrow.Ifthe
fund'sassetshave a +2% return before that tim e, then the fund, in essence, sold $5.10worth of
securitiesto the investorfor$5.00.In a detailed exam ple provided in appendix B , an index fund
underperform sitsbenchm ark by 46 bp(or23% ofthe indexreturn)overa four-day perioddueto
thise®ect.
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H olding periods(years)
C ost(basispoints) 10th 25th intercept m edian m ean 75th

Im plem entation C alendar-day 0.36 0.84 1.53 1.88 2.61 5.15
18 0.0006 -0.77 -0.20 0.00 0.04 0.10 0.16
50 0.0018 -2.10 -0.54 0.00 0.12 0.27 0.46
85 0.0030 -3.57 -0.92 0.00 0.21 0.46 0.77
100 0.0036 -4.19 -1.08 0.00 0.24 0.54 0.90
193 0.0069 -8.04 -2.08 0.00 0.47 1.04 1.70

Table9:Individual-levelA nnualized Pooling C ostEstim ate. Presentstheannualizeddi®erence
between totalcostsin a private account and in a m utualfund. N egative entriesare interpreted aspooling gains.
Thepooling costm easure issensitive to thechoice ofholding periods, so thefollowing horizons(in years)areused:
0.36, 0.84, 1.88, 2.61, and 5.15.These horizonscorrespond to the 10th, 25th, 50th, m ean, and 75th percentilesof
non-param etricaccountlifetim es.Theintercept(1.53years)isthepointatwhich both accountshavethesam ecosts.
Im plem entation costsrun from 18bp to 193 bp.Fund-levelcostsare generated assum ing the fund tradesthe net
shareholder°owsdaily.

T heim plication ofthisanalysisissim ply thatifshareholderstradein thesam edirection asasset
returns, then theaccountingsystem benē tstheindividualattheexpenseofthefund.O n theother
hand, ifshareholderstrade in theoppositedirection, thee®ectisambiguous.Forexam ple, suppose
a shareholderpurchasessharestheday beforea largedropin thevalueofthefund'sportfolio.T he
factthat the fund getsto purchase securitiesforthe portfolio at the new, lowerprice m ore than
com pensatesitfortheassociatedtransaction costs.Ifthedropin assetpricesweresm all(say, three
basispoints), however, then thepricesavingsdo notcom pensatethefundforthetrading costs.
Thism ispricing isdistinctfrom the non-synchronoustrading e®ectdocum entedby G reene and

H odges(2001), G oetzm ann, Ivkovi¶c, and R ouwenhorst(2000), and C halm ers, Edelen, and K adlec
(2001). T hey show that iffund sharestradesnon-synchronously (forexam ple, fund assetsstop
tradingat1:00p.m.whilethefundallowstrading in itssharesuntil4:00p.m.when they arepriced),
traderscan earn a higherreturn than theunderlyingfundwith lessrisk.T het+1accounting e®ect,
in contrast, isdriven by after-the-m arket-closespricechanges.To theextentthefundassetshavea
positiveexpectedreturn, theaccounting e®ectisa system aticm ispricing offundshares.

8.3 L iquidity C ost

T he m utualfund standsready each day to buy orsellan unlim ited numberofitsshares. T his
liquidity provision isexpectedtobecostly andto im pactnegatively fundreturns.A com prehensive
estim ateofthiscostisbeyondthescopeofthepresentpaper.61 Instead, a sim pleapproxim ation is
m adeby adding back daily estim atedtrading coststo thefund'sreturn.In otherwords, given the
actualfundreturnsin thedatabase(\post-°ow fundreturns"), a new return series(\pre-°ow fund
returns") isgenerated by adding to it 57bp ofthe daily netshareholder°ows.62 T he di®erence
between theseseriesisthe fund'scostoftrading shareholder°ows.Form ally, the liquidity cost in

61O netechnicalm ethodology can befound in Edelen (1999).H eregressessem i-annualm anager°owson m onthly
shareholder°owsin a sam pleof166 funds.Thepresentfam ily istoo sm allto m im ichisapproach.
62T heJones-L ipson 85bpestim ateoftradingcostsisbasedon N Y SE andA M EX tradesoftheaverageinstitutional

investor.H owever, thissim ulation assum esthe fund m anagerindexes:she m echanically tradesnet°owsdaily and
holdsno cash.TheJones-L ipson trading costestim ateforindexm anagers, 57bp, ischosen asthem oreconservative
estim ate.
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F igure8:L iquidity C ostO ver200Trading D ays. L iquidity costisthegeom etricdi®erencebetween
thepre-°ow fundreturn and thepost-°ow fundreturn.PanelA plotsthedaily liquidity costin a sim ulatedmutual
fundthathadhigh °owsrelativetofundassets.PanelB plotsthecostsin a low °ow-to-assetsfund.B oth plotscover
200trading days.

fundj at tim e tisthe geom etric di®erence between the cum ulative pre-°ow fundreturn and the
cum ulativepost-°ow fundreturn:

L C j;t= log
µ
cum ulativepre-°ow fundreturnj;t
cum ulativepost-°ow returnj;t

¶
;

wherethecum ulativereturnsarenorm alizedto onewhen thefundentersthesam ple.
Threevariableswillin°uencethism easureoffund-levelliquidity cost.T he¯rstconsideration is

thechoiceofthe im plem entation cost.T hesecondissue is°ow volum erelative to fundassets.A $1
m illion tradecoststhefund$5,700.T hisexpense ism oresigni¯canton a per-invested-dollarbasis
in a $5m illion fundthan in a $500m illion fund.T he¯nalconcern isthe tim ing ofthe fund°ows
relative to next-day fundreturn due to thet+ 1accounting e®ect.A $1m illion purchase the day
beforea +10% (¡10%)spike in assetpricescoststhefund$100,000.00(¡$100;000:00).
The annualized liquidity cost iscom putedfund-by-fund.T he equally weighted, arithm etic av-

erage is90bp. F igure 8 showsrepresentative exam plesofthe liquidity cost fora speci¯c high
°ow-to-asset fund and a speci¯c low °ow-to-asset fund over200trading days. B oth fundswere
collecting assetsdaily, butPanelA 'sfundhada m uch highergrowth rateandhencehighercosts.63

T hehigh °ow-to-assetsfunds'average is120bpwhilethelow °ow-to-assetsfunds'average is46 bp.
O neweaknessofusing theJones-L ipson im plem entation costm easure in thiscontextisthatifa

largetraderaises(lowers)assetprices, then there isa residualbenē t(cost)to thefund insofaras
the fundalready ownedsharesin thatasset.C apturing thise®ect| which m ightbe large in som e
m arkets| isbeyondthescopeofthepresentpaper.

63E arly adoptercostsarefound in m any industries.Forexam ple, early cellularphonesubscriberspaidtobuildthe
infrastructurethatisnow in placeforcurrentandfutureusers.
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85bp 57bp 0bp
A ccountType raw scaled raw scaled raw scaled
D irectO nly 65 96 45 65 2 -0.4
IndirectO nly 173 220 124 157 25 33
Entire Fund 127 127 90 90 15 15

Table10:L iquidity C ostsby A ccountType. Presentsthe average liquidity cost(in basispoints)by
accounttypeassum ing thefund'sim plem entation costsare85bp, 57bp, or0bp.C ostsarecom putedusingraw and
scalednet°ows, wherethescaling isin term softotalfund-level°ows.

8.4 Pooling C ost
Itwasshown abovethatthefundunderperform sitsbenchm arkby90bpperyearduetoshareholder
°ows.T hissubsection estim ateswhattheliquidity costwouldhavebeen in a fundlim itedtospeci¯c
typesofshareholders.To keepthe analysissim ple, theshareholdersaresplitinto only two exante
types:direct and indirect.64 T hisisa test ofthe theory m odel'swealth transfer:do short-term
shareholdersim posea portion oftheirliquidity costson thelong-term investors?
R epeating the analysisfrom the previoussubsection, the annualized costsforthe separated

direct and indirect shareholdersare 45bp and 124bp, respectively. T hisisconsistent with the
m odel:directshareholdersarebetterforthefundthan the indirecttype(i.e., °owsfrom thedirect
shareholdersarelesscostly to trade).
Sincethe indirectshareholdersgenerate a disproportionate am ountofexpenses, it isclearthat

directshareholderscouldhavegotten a higherreturn in a fundrestrictedto theirtype.T hisreturn
can beestim atedasthedi®erencebetween aggregateliquidity costandthedirect-onlyliquidity cost:

90bp¡ 45bp= 45bp:

In otherwords, a direct-only fundcouldearn annually 45bpm orethan a pooledfund.T hepooling
costforthe indirectshareholderis¡34bp(= 90bp¡ 124bp).In otherwords, and in accordance
with them odel, indirectshareholderspreferthepooledfundbecausethefund'spricing m echanism
allowsthem toshifta portion oftheircostsontoothers.T heresultsarepresentedin Table10forthe
Jones-L ipson im plem entation costsof57bp(average im plem entation costforindexinstitutionalin-
vestorstradingon theN Y SE orA M EX )and85bp(averageim plem entation costforallinstitutional
investorstrading on theN Y SE orA M EX ).
Thiscostdi®erentialm ightbedrivenbyhigher°ows(andhencehigheraggregateim plem entation

costs)by theindirecttype.Table4in section 3.2showedthatthedirectinvestorscontribute26% of
thedaily netfund°owswhilethe indirectinvestorscontribute64%.To testforthis, investor°ows
by typearescaledupto fund°ows:

scaled investor°owst=
investor°owst
investoraverage

£ daily fundaverage:

T hescaling doesincrease the liquidity costforboth types, buttheratio ofdirectcoststo indirect
costsisstillabout40%.
Ifim plem entation costsare additionally assum ed to be zero, the annualized pooling costsare

estim atedtobe15bp(total), 0bp(direct), and33bp(indirect).T hisisalsoreportedin Table10.

64T hesearetheinvestorswhopurchased, respectively, directlyfrom thefundorindirectlythrough a brokerorother
¯nancialinterm ediary.Seesection 3.1.
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T hism easure ofpooling cost(scaled°owswithout im plem entation costs)isinteresting because it
capturesthe pure t+ 1 accounting e®ect at the fund level. It providessuggestive evidence that
investorshave som e ability to predictnext-day fundreturns.T he resultsare also consistentwith
therelatednon-synchronousm ispricing story ofC halm ers, Edelen, andK adlec(2001).Irrespective
ofthecauseofthepositivet+ 1accounting lossto thefund, the factthat itvariesacrossaccount
type isproblem atic.
In sum m ary, tradingshareholder°ow generatescostsforfundsthatareborn by allshareholders.

Investorswith long horizons(in excessof1.53 years)pay lowerlifetim e costsin private accounts.
Sym m etrically, investorswithshorthorizons(fewerthan1.53years)paylowerexpensesinthem utual
fundsince the fund'spricing m echanism enablesthem to im pose a portion oftheirexpensesonto
othersin thefund.
Thissection alsoestim atedthefund'saggregateliquiditycosttobean annualized90bp.B ecause

thesecostsaredisproportionately generatedby accounttype, thelow-cost, directinvestorim plicitly
paysa poolingcostwhilethehigh-cost, indirectinvestorreceivesa poolingbenē t.T hedirecttype's
pooling costwasestim atedat45bpannually, butunreportedresultsshow thatitiseasy to further
segm ent the shareholders(say, by distribution channel) into ex ante groupsthat generate larger
pooling costs.65 To the extentthat investorshaveprivate inform ation that isnotrevealedby this
article'ssorting m echanism s, thecostdi®erentialwouldbegreaterstill.
Pooling generatesnegative externalities.A com prehensive exam ination that includedotheref-

fectssuch astax concernswould undoubtedly yield a m uch largerestim ate ofthe totalpooling
cost.T hisbringsthediscussion back to where itstarted.W hy do fundschooseto poolobservably
di®erentshareholders? A lternatively, why do low-costshareholderschoose to poolwith high-cost
investors?

9 D iscussion

Som efundschargeshareholdersa load when sharesarepurchased.T hisfee isgenerally paidatthe
tim e ofshare purchase, though contingentdeferred salescharges(C D SC 's)that are billed at the
tim eofredem ption arealsopopular.Eitherway, thefeecom esoutofthe investm entand, in e®ect,
introducesa bid-askspreadin thepricingoffundshares.Fundsalsohavetheoption ofim plem enting
a redemption fee.U nlike front-endloadsand C D SC 's, thisfee ispaidto the fund'sportfolio| and
notto the investm ent advisororotherinterm ediaries| and directly benē tsthe fund'srem aining
shareholders.
B ecauseloadsaregenerally fam ilyspeci¯candnotfundspeci¯c, loadswillnotnecessarilyreduce

thefund-levelvolatility ofshareholder°ows.Forexam ple, a new shareholderwillpay a loadon his
initialinvestm ent in an equity fund butnoton a subsequent exchange to anotherequity fund in
thesam efam ily, even ifhisoriginalinvestm entappreciated.T hispointisoften overlooked:to the
extentthattradingoccurswithin fam iliesinsteadofacrossfam ilies, loadsby them selvesdonotcurb
redem ptions.66 A dditionally, loadsdo notcom pensate the non-redeem ing shareholdersfortrading
costsasredem ption feesdo.L oadsdonot, therefore, providea com pletesolution totheexternalities
docum ented in thisarticle.
Thetrading-coste®ectcan beelim inatedby chargingpurchaseandredem ption feesequalto the

transaction'sim plem entation cost.T he t+ 1accounting e®ectcan be m inim izedby eithergiving

65Forexam ple, theannualizedpooling costfortheretailtaxable, retailtax-free, andm inorchannelsare54bp, 69
bp, and83bp, respectively.
66A ccording to the M utualFund FactB ook, 2001, one-third to one-halfofredem ptionsarereinvested within the

fam ily.
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shareholdersnext-day pricing orim proving inform ation °ow between the investm ent advisorand
thetransferagent.
Thepooling externality isim portantbecausedespitethefactthatitisso easy to ¯x, few funds

havedoneso (seesection 2).Therem ainderofthissection presentsa potpourri ofpossiblereasons
why m ore fundshave notchosen to addressthese concerns.Predictionsforthe futuredirection of
the industry arealso m ade.

9.1 M oderating Factors

T he investm entadvisorcom pensation isusually a ¯xedpercentageofassetsunderm anagem ent.If
thereareeconom iesofscale in the industry, then the advisor'sprō tm argin riseswith fundassets.
T hus, the advisorofa direct-only fundhasstrong ¯nancialincentivesto open thefundto indirect
shareholdersbecause anotherdollaroffund assetshasessentially no m anagem entcostsbutdoes
generateadditionalincom eforthe investm entadvisor.67

Itispossiblethatinvestm entactivity acrossdistribution channelsisnotperfectlycorrelated.For
exam ple, taxlaw changesm ightm ake401(k)investm entsattractiveevenwhentaxableinvestorshave
withdrawn from them arket.Ifso, then standarddiversi¯cation m odelssuggestthattheinvestm ent
advisorwould¯nditadvantageousto participate in m ultiplechannels.
Thecom partm entalization offundservicesbuildsa virtualC hineseW allbetween theinvestm ent

advisor, thetransferagent, andtheotherpartsoftheorganization.O n thism orepragm aticplane,
itispossiblethatfundsarenotawareoftheirability topredictduration becausethedata necessary
to do so ishousedo® siteby thetransferagent.
There are costsin the fund thathave notbeen explicitly considered.Take asan exam ple the

adm inistrative orbookkeeping fee.T he V anguardG roupsaysthatshareholderservicing costsare
approxim ately $40or$45peraccountperyear.68 A fund'sexpenseratio wouldhaveto include100
bpon a $4,000accountjustto recoverthe adm inistrative fee.Thisresearch showsthatlong-lived
accountscarry sm allbalances.Even iflong-term accountssubsidize short-term accounts'trading
costs, thewealth transferlikely runstheotherway foradm inistrativecosts.N ettedacrossallcosts,
thewealth transferm ightbenegligible.
In the lim it, a high duration fund with no net °owsbeginsto look like a closed-end fund.

T hispaper'spooling externality m ight interact with a m onitoring externality. In C alom irisand
K ahn (1991), dem andable debt isa key m onitoring m echanism in the banking industry. Ifthe
open-endstructure isa m onitoring m echanism in the m utualfund industry, then the agentsdoing
the m onitoring are the active traders. T heirattentivenessm ight be the force that betteraligns
incentives.69

T hisarticle'stheory m odelshowsthatthe ¯rst-period investm entby the long-term investoris
1¡µ.Iftheoptim alsizeofthefundisgreaterthan 1¡µ, short-term investorscouldprovideneeded
capital.T he fund industry com m only citesthisline ofreasoning when defending the use of12b-1
fees.70

67A salludedtoearlier, adding indirectshareholderstothefunddecreasesitsperform ance.Theinvestm entadvisor
isindirectly hurt to the extentdirectshareholderstrade o® the perform ance di®erence. Thise®ect hasnotbeen
m easured in thisarticle.
68T he W allStreetJournal, A ugust8, 2001, p C 1.
69H edge fundshave non-sym m etric m anagem entfees:the m anagerm ay earn 20% offund prō tsand su®erno

down-side penalty.M utualfundsarerequired to levy sym m etric fees.In practice, feesare notperform ance based.
G ruber(1996)discussesthefactthatperform ance isnotpriced in no-loadmutualfunds.
70Som efundslevya fee(forexam ple,25bp)on assetsunderm anagem ent.Theinvestm entadvisorusestheproceeds

from thisfee to prom ote advertise the fund and attractnew shareholders.Itm ay also be paid asa \trail" to the
brokerthatplacedthetrade.
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Thisresearch hasfocused on duration di®erencesacrossinvestortypes. M ore insight m ight
be gainedby exam ining within-channeldispersion.C onsideran investorwho knew histype to be
long.H e wouldprefera fundwith a short-term redem ption feethatkeepshigh-costinvestorsout.
H owever, su± cientuncertainty abouthistype wouldm ake a risk-averse investorunwilling to bear
the redem ption risk.Joining a fundthathasno redem ption feescouldbe consideredthesam e as
buying a fund with the fee while also purchasing an early-redem ption insurance policy. In other
words, purchasing theno-feefund isequivalentto buying redemption insurance.
Thefund industry persistently em phasizesthelong-term natureoffund investm ents.T hism ay

shiftinvestor'sperception abouttheirrelativelongevity in funds.C ontrarytotheiractuallong-term
type, unsophisticated investorsm ay feelthey are low-duration investorsand objectto any policy
aim edagainstshort-term shareholders.

9.2 Future D irection
M utualfundshave m any thingsgoing against them . F irst, a long history ofacadem ic research
suggeststhatm utualfundsdo notoutperform passiveindices(Jensen (1968)).Second, theindustry
hasenorm ouscosts, ranging from advisory feesto distribution feesto shareholderservicing fees.
T hird, thereareeconom ically signi¯cantpooling externalitiesin m utualfunds.
The m ostcom m only citedbenē tsofm utualfundownership areprofessionalm anagem ent, di-

versi¯cation, andlow transaction costs.A ctively-m anagedm utualfundsfacesti® com petition from
com petitorsthat m ay m ore e± ciently deliverthese three services, especially to the long-term in-
vestor.W ithin the industry, actively-m anagedfundshave lostconsiderable m arketshare to index
funds. Index fundsnow com m and m ore than nine percent of totalassetsin dom estic and in-
ternationalequity funds.71 C om petitorsfrom outside the industry include exchange-traded funds
(ET F 's)andfolios.72 Im portantly, ET F 'sandfolioselim inatethem utualfundpooling externalities
docum ented in thispaper. A centralprediction ofthisresearch isthat fundswilleitherchange
theirpricing m echanism to elim inatethepooling externalitiesoralternative investm entvehicleswill
successfully com peteforthehigh-duration, low-costinvestor.

10 C onclusion
M utualfund investorsare pooled in a com m on ¯nancialproductwhere one investor'sactionscan
a®ectthe return obtainedby othersin the fund.T he article beginswith a m odelofm utualfund
trading. In thisstylized, full-inform ation econom y, som e investorshave high switching costsand
rem ain in thesam efundboth periods.T hey pay a disproportionateam ountofthefund'saggregate
costsandreceive a lifetim ereturn lowerthan thereturn obtainedby the investorswho trade.
The ¯rst goalofthe analysisisto test whetherex post di®erencesin account duration are

predictable atthe tim e ofthe shareholder'sinitialinvestm ent.R egressionsshow thatthe baseline
hazardis°atovertheaccountlife-cycleandtheconditionalprobabilityofaccountclosureis1:8% per
quarterforthe\average" shareholder.Surprisingly, thefundcanpredicttheinvestor'sholdingperiod
basedon data the transferagentordinarily collects.Forexam ple, olderinvestors, largeraccounts,
andFund/SERV accountsareriskierwhileautom atic investm entplan accounts, localinvestors, and
tax-advantagedaccountsaresafer.Investors¯ndrecentfundreturnssalient(they arelesssensitive

71A ugust2001M orningstarPrincipiaProPlus;author'scalculations.
72E T F 'sareessentially closed-end indexfundsthattradeon exchanges.B ecausethey areredeem ableon dem and

fortheunderlying securities, theirprice closely tracksthe underlying assets.Folios arebasketsofstockschosen by
the investoratspecialized brokerage houses.Thebasketsaretraded in any desired quantity which allowsinvestors
to m aintain balancedportfolioswhilem aking, forexam ple, sm allm onthly contributions.
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to lifetim e account returns), but the econom ic im pact on redem ption risk issurprisingly sm all.
T he puzzle raisedby thisresearch iswhy fundschoose to distribute sharesto observably di®erent
investors.
The second goalofthe analysisisto estim ate the liquidity and pooling costs. C onservative

sim ulationsestim ate the fund'saggregate costofliquidity provision to be90bp.T hiscostvaries
by account type. Splitting the shareholdersinto two ex ante groups, sim ulationsshow that the
high-duration shareholdersreceive45bpm oreeach yearin a fundrestrictedto theirtypewhilethe
low-duration receive34bplesseach yearin a fundrestrictedtotheirtype.Splittingtheshareholders
into m ore than two ex ante groupssubstantially increasesthese estim ates. To the extent that
investorsknow theirtype m ore precisely than the fund does, the actualpooling costsare greater
still.L astly, thet+1accounting e®ectshowsthatfundssystem atically underpricetheirsharesand
thatlow-duration investorssuccessfully exploitthe m ispricing.Taken together, the analysisshows
thatpooling heterogeneousshareholdersiseconom ically costly.
The m ain result ofthisstudy isthat m utualfundsare not D iam ond-D ybvig-style banksthat

providean equitableinsurancebenē ttoallinvestors.B ecausethepredictabledi®erencesin holding
periodsresult in econom ically signi¯cant wealth transfers, the proportionate allocation ofcosts
isstructurally ine± cient. A centralprediction ofthisresearch isthat fundsm ust eitherchange
theirpricing m echanism toelim inatethepoolingexternalitiesoralternativeinvestm entvehicleswill
successfully com peteforthehigh-duration, low-costinvestor.
Thisresearch suggestsa numberofprom isingdirectionsforfurtherinquiry.F irst, istradingtype

endogenousorexogenous? Second,how largeareswitchingcosts? T hird,whatim pactdoshareholder
°owshaveon thefund'sportfolio? A nswersto thesequestionswouldenablethefund industry and
regulatorsto price liquidity equitably. M eanwhile, a tem porary solution to the transaction-cost
externality isto havethefundchargeevery investorboth purchaseandredem ption fees.N otethat
the¯xed-length redem ption feescurrently usedbysom emutualfundsdonotresolvetheexternality,
though they arean im provem entto thestatusquo ante.
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A Econom icSigni¯cance

T hisappendixusesthe estim atedbaseline hazardfrom section 7to suggestwhich duration e®ects
m aybeeconom icallysigni¯cantfrom theperspectiveoftheinvestm entadvisor.A by-productofthis
investigation isa clearerunderstanding ofhow thebaselinehazarda®ectsthelifetim eofaccounts.
Suppose a fund'sexpense ratio is100bp and that itbeginswith 5,000accounts, each valued

at$1,000.73 L etthe investm entadvisor'sreturn on revenuebe23% anddiscountfactorbe20%.74

A ssum ethatthefundhasonly \average" shareholders(asdē nedin section 6.1)andthataccounts
failonly attheendofthequarters.
The investm entadvisor'squarterly prō tiscalculatedby m ultiplying thefund'squarterly T N A

by the quarterly expense ratio and the investm ent advisor'sreturn on revenue.75 Forthe ¯rst
quarter, thisisgiven by

5000£ $1000£ 0:01£ 91
365

£ 0:23= $2867:

D iscountedonequarter, thepresentvalue is$2,731.
Theestim atedbaseline hazardfunction from section 7can beusedto determ ine thenumberof

accountsthatfailat the end ofeach period.T he approxim ate probability ofconditionalaccount
failurein a given quarterissim ply thatquarter'saveragedailybaselinehazardm ultipliedby ninety-
one.Forexam ple, 5000accountsbegin the ¯rstquarter, andthatperiod'saverage daily hazard is
0.0001906.T heestim atednumberoffailuresduring thatperiod is0:0001906£ 91£ 5000= 87.
A fterthe ¯rst87fail, there are 4,913 accountsthatbegin the second quarter.R epeating this

procedureoverthe19quarterly estim atesof¸0andarbitrarily assum ingthatallaccountsfailatthe
endofthe20th quarter(thebaselinehazardisonly estim atedoutthrough quarter19), them utual
fundm anager'sprō tis$31,938.Table11presentsthequarter-by-quartercalculations.
Ifthepreviousexercisewererepeatedwith shareholderswho are7:53% riskier, then the invest-

m ent advisor'sprō t would drop to $31,615.T wo item sare worth noting. T he ¯rst isthat this
representsa 1:01% decrease in prō ts.In otherwords, an x% change in the hazard changes¯rm
prō tsin theoppositedirection butby m uch lessthan x%.Second, on a per-shareholderbasis, the
increasedhazardresultsin a \loss" of$322=5000= 6/cpershareholder.
The idealized value-m axim izing investm ent advisorwould not leave a penny on the table. In

practice, com paniesprobably leave m any pennieslying around.T he investm entadvisordiscussed
in thispapersaysthata 1:01% change in prō tsissigni¯cant.Forthisreason hazardratiosm ore
than 7:53% di®erentfrom one are calledeconom ically signi¯cant.T hisisprobably a conservative
threshold, however.

73A ccording to the M utualFund Fact B ook, 2000, the m ode ofmutualfund m inim um investm entswasbetween
$500and$1000in 1999.
74T heinvestm entadvisorfortheT.R owePricefam ily offundsisT.R owePriceA ssociates.In 1999itsnetincom e

was$239m m and itsrevenueswere $1,036 m illion.Thus, theirreturn on revenue was23:1%.The T.R owePrice
fundshadan asset-weightedexpenseratioof76.4bpin July1999.Theproduct23:1% £76:4bpgivesan indication of
how theaveragedollarin a T.R owePricem utualfundbenē tstheshareholdersofT.R owePriceA ssociates.D ueto
theeconom iesofscalethoughttoexistin m utualfunds, prō tfrom them arginaldollarm ightbebetterapproxim ated
by 100% £ 76:4bp.
75Feesare separately billed atthe end ofthe quarter.In practice, m anagersbilldaily and collectm onthly from

fund assets.
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quarter failureprobability start failure PV prō t
0 1.73% 5000 87 $2,731
1 1.87% 4913 92 $2,556
2 1.82% 4821 88 $2,389
3 1.80% 4733 85 $2,234
4 1.75% 4648 81 $2,090
5 1.69% 4567 77 $1,956
6 1.66% 4490 75 $1,831
7 1.60% 4415 71 $1,715
8 1.76% 4344 76 $1,608
9 1.67% 4268 71 $1,504
10 1.97% 4197 83 $1,409
11 1.67% 4114 69 $1,316
12 1.47% 4045 59 $1,232
13 1.88% 3986 75 $1,157
14 1.99% 3911 78 $1,081
15 1.99% 3833 76 $1,009
16 2.01% 3757 76 $942
17 2.23% 3681 82 $879
18 2.00% 3599 72 $819
19 1.65% 3527 58 $764
20 1.65% 3469 3469 $716

$31,938

Table11:Q uarterlyPrō tfrom A ssetsunderM anagem ent. Q uarter-by-quarterdiscountedprō t
from mutualfund accountsthatfailaccording to thebaselinehazard estim atespresented in F igure5.A ccountsare
valued at$1,000each period.The fund'sreturn iszero.The investm entadvisorchargesa 100bp m anagem entfee
which iscollectedattheendofeach perioddirectlyfrom theshareholders, atwhich pointaccountsm aybeliquidated.
The investm entadvisor'sreturn on revenue is23% anddiscountfactoris20%.
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B Striking Fund N A V
O nce the m arket closes, the fund'stransferagent hasto im m ediately strike the N AV to get it
distributedthrough thewireservices.Itiscalculatedasfollows:

N AV t=
fundassetst¡1£ assetpricest

fundsharest¡1
:

A lthough the t¡ 1shareholder°owstechnically occurred on date t¡ 1, they willnot a®ect the
fund'sN AV untilt.T hisdistinction isim portant ifthe fund'sreturn isnon-zero from t¡ 1to t.
A dditionally, sinceasset°owsarealsoreportedto thetransferagenta day late, t¡1m anager°ows
willnot a®ectthe N AV untilt.T hisdistinction isim portant ifthe t¡ 1 intraday assetreturn is
non-zero.T henete®ectisthatthefullim pactofshareholder°owsm ightnotbefeltfortwo days.
The t+ 1 accounting e®ect on the fund'sreturn isillustrated using °owsin a sim ulated fund

overfourdays, Tuesday to Friday. Suppose that the fund investsin one asset which ispriced
at$5.00untilT hursday'sopening bellwhen the price jum psto (and rem ainsat)$5.10.Suppose
furtherthatthefundexperiencesa $300purchasebeforethem arketcloseson W ednesday andthat
the m anagercom pletely tradesthat°ow when he ¯rstlearnsofiton T hursday.Even though the
return ofthe underlying asset is2% from Tuesday to Friday, the fund'sreturn isonly 1:54% due
to the interm ediate°ow.In otherwords, thelong-term shareholderslose46 bpor23% ofthe asset
return. N ote that thiscalculation ignoresperipheralconcernssuch astrading coststhat would
furtherm agnify theloss.
Thefundhas1,000sharesoutstanding on Tuesday andholds200sharesoftheasset.T hefund's

Tuesday N AV iscalculatedasfollows:

200£ $5:00
1;000

= $1:0000:

T he ¯rsttransaction occurswhen a shareholderinvests$300on W ednesday, butneitherthetrans-
feragent northe m anagerlearnsofit untilafterthe m arket closesand the N AV isstruck. T he
W ednesday N AV isthereforecalculatedasiftherehadbeen no °ow:

200£ $5:00
1;000

= $1:0000:

G iven thisN AV , the shareholderpurchase yields300sharesofthe fund on W ednesday, the fund
actually holds$300in cash, and there are 1,300sharesoutstanding in the fund. O n T hursday,
the m anagertradestheshareholder's$300andbuys58.82sharesofthe assetforthe fund.76 T he
transferagentdoesnotlearn ofthisassetpurchase untilFriday| on T hursday it thinksthe fund
holdscash when them arketcloses.77 T heT hursday N AV iscalculatedasfollows:

$300+ 200£ $5:10
1;300

= $1:0154:

T hereareno transactionsofany kindon Friday, butthetransferagentdoesupdatethenumberof
assetsharesandam ountofcash ownedby thefund.T he¯nalN AV iscalculatedasfollows:

258:82£ $5:10
1;300

= $1:0154:

76T hesam e$300couldhavepurchased60sharesoftheassetforthefundon W ednesday.
77Sincetheasset'sintraday price isconstantat$5.10, thisdistinction isnotim portantin thisexam ple.



44 C PR O PO RT IO N A L H A ZA R D S L IK E L IH O O D

B alanceSheet Tuesday W ednesday T hursday Friday
PricesandF lows A ssetPrice $5.00 $5.00 $5.10 $5.10

ShareholderF lows $0.00 $300.00 $0.00 $0.00
M anagerF lows $0.00 $0.00 $300.00 $0.00

H oldings(A ctual) FundShares 1,000.00 1,000.00 1,300.00 1,300.00
C ash $0.00 $0.00 $0.00 $0.00
A ssetShares 200.00 200.00 200.00 258.82
N ew A ssetShares 0.00 0.00 58.82 0.00

H oldings(Esim ated) FundShares 1,000.00 1,000.00 1,300.00 1,300.00
C ash $0.00 $0.00 $300.00 $0.00
A ssetShares 200.00 200.00 200.00 258.82

N AV $1.0000 $1.0000 $1.0154 $1.0154

Table12:Im pactofF lowson N A V . T he balance sheet, realand assum ed, ofthe fund overa four-day
period.The top three linespresentthe end-of-day assetprice and theday'sactualshareholderand m anager°ows.
Thenextfourlinesaccountforthe actualholdingsofthefund justafterthem arketcloses.Thenextthreepresent
theassum ed(by thetransferagent)holdingsofthefundattheendofeach day.Thesedata areusedby thetransfer
agentto com putethedaily N AV , which isreported in thetable'slastline.

T he fund underperform sthe assetby 46 bp despite the fact that the fund wasfully invested at
alltim es. T hisdi®erentialisa direct result ofthe fact that the asset price changed before the
m anagercouldreactto the shareholder°ow.H ad the assetreturn been negative, the fundwould
haveoutperform edtheasset.
Thisexam pleissum m arizedin Table12.Thetopthreelinesshow theassetpriceandthe°ows.

T henextfourlinesshow theactualholdingsofthefundwhen them arketclosesbutbeforetheN AV
isstruck.T henextthreelinesshow theestim atedfundholdingsusedby thetransferagenttostrike
theN AV , which isreportedin thebottom line.
Theonly pieceofinform ation correctly usedevery day istheend-of-day assetprice.T heextent

to which the other, incorrect inform ation a®ectsthe fund'slong-term return isgoverned by the
relative size ofthe °ows(30% in thisexam ple)and the m agnitude ofthe assetreturn (2% in the
exam ple).Itshouldbe clearthateven sm aller°owsandsm allerreturnscouldstillgenerate large
return di®erentialsoverlongerperiodsoftim e.

C ProportionalH azardsL ikelihood

T he fulllikelihood ofthe proportionalhazardsm odelcan be derived by considering the observa-
tions(Ti;1;zi)and(Ti;0;zi).T heprobability ofthe ¯rstobservation (a failedaccount)isthepdf
f(Ti;zi;̄ ;̧0).Forthe secondobservation (a censoredaccount), allthat isknown isthatthesur-
vivaltim ewasatleastTi.T hus, thisobservation contributesS(Ti;zi;̄ ;̧0)to thelikelihood.T he
com pletecontribution is

[f(Ti;zi;̄ ;̧0)]±i[S(Ti;zi;̄ ;̧0)]1¡±i;
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where±i= 1ifandonly iftheaccountfailed.A ssum ing independentobservations, thefulllikelihood
is

L (̄ ) =
nY

i=1

[f(Ti;zi;̄ ;̧0)]±i[S(Ti;zi;̄ ;̧0)]1¡±i

=
nY

i=1

[̧ (Ti;zi;̄ ;̧0)]±iS(Ti;zi;̄ ;̧0)

=
nY

i=1

[ez
0̄
¸0(Ti)]±iS0(Ti)e

z0̄
;

using the resultthat¸ = f=S and S(t;z;̄ )= [S0(t)]Á(z;̄).A slong as¸0 isleftunspeci¯ed| the
abilitytodosobeingtheprim aryjusti¯cation forchoosingtheC oxm odel| thefulllikelihoodcannot
bem axim ized.
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