NBER WORKING PAPER SERIES

JOINT LIFE ANNUITIESAND ANNUITY
DEMAND BY MARRIED COUPLES

Jeffrey R. Brown
James M. Poterba

Working Paper 7199
http://ww.nber.org/papers/w7199

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
June 1999

We are grateful to Peter Diamond, Michael Hurd, Larry Kotlikoff, Olivia Mitchell, Antonio Rangel, Mark
Warshawsky and participants in the NBER Summer Institute on Aging for helpful comments, and to TIAA-
CREF, the Nationa Institute on Aging, the Social Security Administration, and the National Science

Foundation for research support. All opinions expressed are those of the authors and not those of the National
Bureau of Economic Research.

© 1999 by Jeffrey R. Brown and James M. Poterba. All rights reserved. Short sections of text, not to



exceed two paragraphs, may be quoted without explicit permission provided that full credit, including © notice,
is given to the source.

Joint Life Annuities and Annuity Demand by Married Couples
Jeffrey R. Brown and James M. Poterba
NBER Working Paper No. 7199
June 1999
JEL No. H55, J14
ABSTRACT

Thispaper exploresthe vaue of purchasing joint life annuities for married couples. It describesthe
existing market for joint life annuities, and summarizes the range of annuity products that are currently
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Annuities play an important role in the theory of consumer choice when there is uncertainty
about length of life. Yaari (1965) showed that an individua with afixed stock of resources and an
uncertain lifetime should purchase an annuity contract to insure againgt the risk of outliving his resources.

More recent work shows that the gains to annuitization for individud life-cycle consumers can be
substantial. Mitchell, Poterba, Warshawsky, and Brown (1999) find that atypica 65-year old retired
male life cycle consumer would be willing to give up roughly one third of hiswedlth to gain accessto an
actuaridly fair nomind annuity market.

A number of studies have observed that despite the gpparent benefits of annuitization, the
market for individua annuity contractsin the United Statesisvery smdl. This has resulted in severd
attempts to explain the limited flow of new annuity purchases. One group of empirical studies, including
Friedman and Warshawsky (1988, 1990) and Mitchell, et d. (hereafter MPWB) (1999), have
explored the extent of adverse selection in the individua annuity market. While annuitants are, on
average, sgnificantly longer-lived than individuds in the population at large, the degree of adverse
selection does not seem sufficient to explain the absence of annuity purchases.

A second set of studies, surveyed in Laitner (1997) and Altonji, Hayashi, and Kotlikoff (1997),
have focused on intergenerationd atruism as a potentid explanation for limited annuity demand. This
work suggests that smple dtruistic models do not provide a satisfactory explanation for observed
patterns of intergenerationd transfers.

Y et athird group of studies has shown that while individuas rarely purchase annuity contracts, a
substantia fraction of their retirement resources is aready annuitized. Auerbach, Kotlikoff, and Well
(1992) show that when Socid Security benefits, private defined benefit penson plan payments, and
Medicare benefits are added together, more than half of the resources of the current ederly in the
United States take the form of life-contingent payouts (annuities). This suggests that one reason
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individuals do not purchase additiona annuities is because they are dready substantialy annuitized.

Thefunctioning of private annuity markets has recently attracted attention as part of the policy
debate on "individual accounts’ dternatives to current pay-as-you-go, defined benefit Socia Security
systems. A centra policy design issue concerns the way aretiree could spread the resources
accumulated in an individua account over his, or hisand his pouse's, remaning lifetime. While the
trestment of married couples is an important issue in Socia Security program design, virtudly al of the
previous research on annuities has focused on individuds rather than couples as decision-making units.
This paper presents new evidence on the structure of joint-life annuity products that insurers currently
offer, and it evaluates these annuity contracts from the standpoint of couples.

Two previous studies have investigated the post-retirement consumption behavior of married
couples as opposed to individuds. Thefirg, by Kotlikoff and Spivak (1981), focused on the demand
for individud annuities by married rather than sngle persons.  This paper showed that if married
individuds, or more generally those in an extended family, were able to contract to share resources over
their repective lifetimes, then the benefits of purchasing an individua annuity contract were smdler than
those for independent individuals. This result arises from the fact that risk sharing within familiesisa
partid subgtitute for risk sharing in an organized annuity market. Kotlikoff and Spivak (1981) did not
consder the demand for joint life annuities by married couples.

A second related study is Hurd's (1999) investigetion of optima consumption by married
individuas when both members of the couple face uncertainty about length of life. This paper presents
new findings on how couples should structure their consumption in the absence of an annuity market.
Hurd's study shows that optimal consumption depends on the structure of the household utility function,
and it draws attention to the albsence of an agreed-upon framework for modeling the joint decisions of

married couples.



Modeling difficulties should not obscure the key role that couples rather than single individuds
are likely to play in both public and private annuity markets. In the United Statesin 1995, 77 percent
of men and 43 percent of women over age 65 were married. Mogt individuas are members of married
couples a the beginning of their retirement years, the age at which annuity purchaseis most likely. Not
surprisingly, given these demographic facts, LIMRA (1997) reports that married persons buy 77
percent of al annuity contracts, and 85 percent of sngle-premium contracts. Single-life annuity contracts
without any provisions for spouses or survivors are unusua. Period certain and joint-and-survivor
annuity contracts, both of which provide some spousal protection, are much more common.

In this paper, we explore two issues related to married couples demand for private annuities.
First, we describe the range of joint life annuity products that is currently available. We show that
exiging annuity products are much more complex than textbook leve-premium, single-life annuities, and
that these products provide married couples with resource alocation options that cannot be achieved
with single-life annuity products done. Second, we extend previous work on the amount that
individuas, or in our case married couples, would be prepared to pay to obtain access to an actuaridly
fair annuity market. We specify a household utility function and explore the increase in household utility
that takes place when acouple is ale to participate in an actuaridly fair market for joint life annuities.
We then trandate thisincrease in utility into an "annuity equivdent wedlth,” which is the amount of
additional wedth that a couple would need to be aswdll off without access to an annuity market as with
such access. This segment of our research extends the dynamic programming analysis of optimal
lifetime consumption in MPWB (1999) and Brown, Mitchdll, and Poterba (1999) from an individua to
acouple. By focusing on joint annuity products, we consider awider menu of annuity payout options
than previous studies.

The paper is divided into four sections. The first describes the structure of currently-available
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joint annuity products.  Section two presents our agorithm for evauating the utility gains associated with
participating in an actuaridly fair joint annuity market. Section three reports our basic results on the
“annuity equivaent wedth,” dong with sengtivity tests for the impact of changing assumptions about
mortality rates and the degree of pre-existing annuitization. The fourth section concludes and suggests

severd further research issues.

1. The Marketplace for Joint and Survivor Annuity Contracts

To andyzetherole of joint life annuity contracts, it isimportant to recognize that amarried
couple is concerned with four digtinct states of the world. The firgt state is that in which both members
of the couple are dive, and income is used to support the consumption of both spouses. The three
other states are one in which the wife is awidow, one in which the husband is awidower, and onein
which both spouses are deceased. A couple that makes rationd financid decisonswill seek to
optimally alocate wedth across these four states.  1n the presence of a bequest motive, the couple may
choose to alocate some resources to the state in which both members of the couple are dead. Joint
annuities alow couples to make their income stream contingent on these survival sates.

There are two primary types of joint annuity contracts. The firgt isajoint life annuity with alast
aurvivor payout rule. Thisrule specifies a periodic payment, typicaly monthly or quarterly, thet the
annuitants will recelve provided both of them are il dive. In addition, it Specifies afraction of this
payment, f , that will be paid to the survivor &fter the death of one member of the couple. The fraction
f isusudly set at 1, 2/3, or “dthough LIMRA (1997) reports that insurance companies will provide
virtudly any fractiona survivor benefit at the request of the annuity buyer. Inthe specid caseof f =1,
the annuity provides aleve payout stream from the time it is purchased until the deeth of the last

aurviving spouse. Thisis sometimes referred to smply asa*“joint and survivor annuity.”
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To define an actuaridly fair joint and survivor annuity with alast survivor provison, let A denote
the fixed nomind benefit thet is paid as long as both members of the couple are dive, and let Sy denote
the probability that the husband in the annuity-purchasing couple survives for a least j months after
purchasing the annuity. In an andogous fashion, define S; as the j-period surviva probability for his
wife. The eguation for actuaria fairness of the premium (P) associated with ajoint and survivor annuity
contract is.

P=&% {A*Su i *S, i +f * A*(S,i* (L- Sni) +Sni* (L- S. )} /(L+i) . 1)
We usei to denote the nomina, after-tax interest rate a which the insurance company discounts future
payouts.

The second type of joint life annuity policy isajoint life policy with a contingent survivor benefit.

The key digtinction between thistype of policy and alast survivor palicy isthat the contingent benefit
policy specifies one member of the couple as a primary annuitant. Provided the primary annuitant is
aive, the annuity payout is A per period. If the primary annuitant predeceases the secondary annuitant,
however, the payout declines to afraction q of the primary annuitant’s payment. If g = 1 then the
contingent survivor annuity is equivalent to alast survivor annuity with f = 1, but when g < 1, the policy
differsfrom alast survivor policy with f <1. With a contingent survivor annuity, the order in which the
two annuitants die matters for the time profile of benefits, and thus the spouses are treated
asymmetricaly with regard to the survivor benefit.

The condition that defines an actuaridly fair joint life annuity with a contingent survivor benefit,

assuming for purposes of illudration thet the husband is the primary annuitant, is:
P=&"% {A* Snij+q* A* (1- Snj)*S }/(1+i) . 2)

Contingent payout annuities are likely to be mogt attractive to individuasin couples with clear ideas



about their relative consumption needs. Because we do not have a solid basis for specifying such
consumption needs, we focus our andysis below on last survivor joint annuities.

Joint life annuities play a potentialy important role in completing the market for life-contingent
clams. Whileajaint life annuity can be structured to perfectly replicate any combination of sngle life
annuities by adjugting the survivorship ratios, the reverseis not true. Standard single life annuities limit
the extent to which couples can dlocate consumption across the four states of surviva discussed above.

This can beillustrated by considering two potentid alocations across survivorship dates. Firdt,
consider a couple whose optima state-contingent alocation has elther surviving spouse receive 50% of
the income that the couple has while both were dive. Thisis easly achieved through the use of single
life annuities by dividing the wedlth in such away that the annuity income generated for each spouseis
equa. Purchasing ajoint and 50% survivor annuity can o achievethis,

Now consider a second couple that chooses for the surviving spouse to receive the same
income, after the death of the firgt-to-die-gpouse, as the couple received when both were dive. A joint
and full (100%) survivor annuity can generate this stream. A portfolio of individua annuities cannot
replicate thisincome flow, however, snce income contingent upon one life will cease upon the death of
the firs-to-die pouse. A couple could use the payments from a pair of single life annuity paymentsto
purchase life insurance, and then use the proceeds of the life insurance on the firg-to-die spouse to
purchase an additiona annuity for the survivor after the death of the first spouse. However, inthe
presence of transaction cogts or any deviation from actuarid fairness in the life insurance market, this
may be an expensive way to replicate ajoint life annuity.

Joint life annuities represent ardatively smdl share of the single premium immediate annuity
(SPIA) market, athough they account for avery large fraction of the annuities written in conjunction
with defined benefit pension plans. 1n 1996, LIMRA (1997) reports that joint annuities accounted for
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11 percent of SPIA premium payments. Of this 11 percent, 7 percent (64 percent of dl joint annuity
premiums) went to purchase joint life annuities with a“ period certain” payout. Joint life annuities were
only one third as important as single life annuities in the private market: 33 percent of SPIA premiums
were devoted to Sngle life annuities, with the maority (24 percent) going to single-life contracts with
period certain provisons. Datafrom LIMRA (1997) dso show that roughly haf of the annuity
purchases in the individud annuity market are not for life-contingent payout streams, but for period
certain annuities. This under-recognized fact leads to frequent overstatement of the size of the private
annuity market in the United States.

Although joint annuities represent asmdl fraction of the sngle premium individud annuity
market, they represent a substantia fraction of the group annuity policies that are associated with private
defined benefit pension plans. Thisis partly aresult of legidation. ERISA, enacted in 1974, includes
“Joint-and Survivor Annuity Requirements” which specify that penson plans must offer a default
annuitization option that provides a least ajoint and one half survivor annuity. The expected present
discounted value of this option must be equd to thet of asingle life, individua worker annuity. ERISA
goparently increased the use of joint and survivor annuities. Holden (1997) reports that while 48.1% of
married men with pensonsinitiated prior to ERISA chose a survivor benefit, 63.9% of married men
initiating pensions after 1974 did so. The ERISA joint-and-survivor rule was amended in the 1984
Retirement Equity Act to require a Spouse’ s notarized signature when the survivor option is not selected.

Prior to this amendment, the worker could sdlect a single life annuity without the spouse’'s consent or
notification. We are not aware of any research that has evauated how this legidative change affected

annuitization decisons.

2. “Annuity Equivadent Wedth”




To obtain an estimate of married couples willingness to pay for actuaridly far joint annuities, we
extend the analytical approach of Brown, Mitchell, and Poterba (1999). We consider a couple with an
initial stock of wedth that they can fully annuitize in an actuaridly fair joint annuity market. \We compute
their expected joint utility from complete annuitization. Then, we close the annuity market, and cdculate
the incremental amount of wedlth that the couple would need to have, in the no-annuity case, to achieve
the same level of joint expected utility that they would have had with their actua wedth holdings and
access to the actuaridly fair annuity market.

We note in passing that the "annuity equivaent wedth" is related to, but different from, the
"wedlth equivaent” calculations reported in MPWB (1999). Those cdculations ask how much wedth
an individua who does not initially have access to an annuity market would be prepared to give up in
order to obtain such access for his remaining wedth. When a household or individua does not have any
pre-existing annuity weslth, "annuity equivalent wedth" is smply the reciproca of the "wedth
equivdent." The cdculationsin MPWB (1999) suggest that a 65 year old single man with no previoudy
annuitized income, i.e,, no Socid Security or penson annuities, would be willing to give up
gpproximately one-third of hiswedth in return for the opportunity to buy an annuity. This"wedth
equivaent” of 0.67 would trandate into an "annuity equivaent wedth" of 1.50. With pre-existing
annuities, however, the smple relationship between these two concepts breaks down, and we cannot
relate the various findings.

Two factors create a presumption that the annuity equivaent wedlth for married couples will be
different from that for sngle individuds. Fird, thejoint and survivor mortdity curve facing a married
couple differs from individua life table facing asingle individua. Because the mortdity experience of
spouses is not perfectly correlated, the probability that at least one spouse will be aive after any number
of yearsis dways higher than the surviva probability for asingle individua of the same age as either
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member of the couple. The couple s *“life expectancy” islonger than that of either individud in the
couple.

Second, individuas and couples may have different time paths for their consumption needs. The
consumption needs of the couple may change when one member of the couple dies. The direction of
such achangeisnot clear apriori. While direct outlays on food, medical care, and other items may
decline when one spouse dies, if the surviving spouse needs to replace to other spouse's unpriced
contributions to home production, consumption outlays might actualy increase.

Yagi and Nishigaki (1993) show that an individua will find a congtant real consumption stream
to be optima only under very specidized conditions. The conditions for such optimdity on the part of a
couple are even more redtrictive. Thus an annuity product that offers a constant payment, regardless of
which members of the couple are ill dive, may be less attractive to a couple than aleve-payout
annuity would be to an individud.

2.1 The Household Problem without Annuities

To evduate the annuity equivaent wedth associated with joint and survivor annuities, we need
to model the optima consumption behavior of married couples.  We consider a setting in which the
utility of amarried couple depends on the consumption of the husband (C™) and the wife (C') according
to an additively separable utility function given by:

UEc",c')=U_(C"+IC)+jU, (C' +IC"). ©)
The parameter j determines the relative weights of the hushand' s and wife's utility in the household
utility aggregate. Kotlikoff and Spivak (1981) used asmilar specification in their andyss of the gains
from annuitization for married individuas. One could imagine using other utility functions to model

household behavior, or dlowing for within-household bargaining by husbands and wives. Our analyss



focuses on the case of j =1, which implies that C™=C'a al dates when both members of the couple are
dive

We extend Kotlikoff and Spivak's (1981) anadysisto consider complementaritiesin
consumption, or “consumption externdities” between the two members of acouple. In particular we
dlow the utility of the husband to depend on C™ +| C', and we make a symmetric assumption for the
utility of thewife. When| =0, thereisno jointnessin consumption and only the husband's (wife's)
consumption enters his (her) sub-utility function. When| =1, dl consumption isjoint, and the
consumption needs of a surviving spouse are the same as those of the couple.

Another way to modd joint consumption is through the budget congtraint rather than through the
utility function. Specificaly, onecan set| =0in (3) and dlow (C™+C)/(1+s) = C, where C istotal
consumption in the couple's budget condtraint and s is the parameter controlling the degree of joint
consumption. In the specia case we are considering, with j =1 and U™ = U', these approaches are
equivdentands =| .

Varying the degree of jointness (| ) dearly affectsthe utility leve of the couple, both with and
without annuities. In generd, it dso affects the margina vaue of additiona annuitization. In one
important specid case, however, that of log utility with equal divison of consumption within the couple
(j =1), 1 canbefactored out of the objective function and it has no effect on behavior.

Wefocusin our andytica presentation on the case of | = 0, though our numerica results also
condder varying degrees of joint consumption aswell. We assume that the household utility functionis
aweghted sum of the sub-utility functions for the husband and the wife, and we further assume that

each of these sub-utility functions exhibits constant relative risk averson. Thus,

(Ctm +| th)l-b
1-b

_(c/ +1ch*’
1- b

U, (Cr.Ccl)= and U, (C/,C™) . Oneimportant smplification
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in our anaysisis the assumption that within each couple, the risk aversion parameter g is the same for
the husband and the wife. Inthis caseit is straightforward to show that the wife' s share of tota
household consumption will be 1/(1+ ™). The assumption that the husband and wife have the same
sub-utility functions could be relaxed in future work, dthough there is limited empirical work that can be
used to calibrate these functions.

We assume that married couples attempt to maximize the expected present discounted val ue of
their joint utility over their remaining lifetimes. When couples cannot purchase annuities, they will
baance the margind utility of current period consumption againgt the expected margind utility of holding
additional resources at the end of the period. Formally, this gives rise to a ochastic dynamic
programming problem, in which the coupl€'s value function depends on its current wedlth. Each spouse
faces some risk of dying before the next period, so the couple's vaue function is more complex than that
of asngleindividud.

We use V(W) to denote the vaue function for a couple with wedth stock W at timet, and r to
denote the time preference rate for each member of the couple. We assume that both members of the
couple have the same discount rate. Welet g™ (or o) denote the one-period mortdity rate for the
husband (or wife). With probability (1-q")(1-¢) both members of the couple survive until the next
period; in thiscase, the value function a t depends on the discounted vaue of the same vaue function
at t+1. If one member of the couple does not survive, however, then the appropriate value function for
the next period is ether that associated with the husband, or that associated with the wife. We denote

these value functionsby M() and F() respectively, and define them as:

W) = maxu (c) + Q(1)+ hrﬂ)(vm)

(4)

and
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F(VVI) - man U(th ) + (1' qtf)* F(Wt+l) (5)
(1+r)

The probability that the husband's vaue function appliesis (1-d")qf, while the probahility that the wife's
value function appliesis q"(1-q). Thereisaso aprobability q"q that neither member of the household
aurvives until the next period. We assume that the couple derives zero utility of wedth in this Sate; there
isno bequest motive. Generdizing our analysisto dlow for intentiona bequests would dter this
concluson.

The foregoing consderations yield the coupl€'s vaue function in period t:

V(W) =max Un(C"eHl CY) +j U(CH C™) + (1+r ) (1-d")(1-g)V (W)
+ (L4 Y A-q"AMWea) + (141 ) 0" (1-¢f) F(Wie) -
(6)
In this expresson and the smilar ones that follow, we suppress age subscripts on dl of the mortality
raes. Infact, the value function is age-dependent.

When the couple does not have any pre-existing annuity income from a pension or Socid
Security, its budget congtraint when thereis no private annuity market hastwo parts. Thefirst isanon-
negativity congraint on wedlth & al dates, W: 3 O at dl t. The second isarecursve rdationship that
describes the evolution of the couple's wedth:

Wi = (W - C™ - Ch)(1+r).
(7)
The parameter r isthe after-tax return that the couple can earn on its investments.

Finding the consumption rule that determines consumption as a function of wedth in each period
isgraightforward. In some specid cases, the optima consumption path can be solved for anayticaly.

In more generd cases, however, it is not possble to obtain closed form solutions. We therefore rely on
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anumerica sochadtic dynamic programming agorithm to find the optima consumption path. We use
“years’ asthetime period for the andysis, and we consider the optimal consumption problem for
households in which the husband is age 65. We further assume that no one lives beyond age 115, 0
thereisafixed last period for our andysis.

To compute annuity equivaent weath, we need to combine this approach to caculaing the
coupl€'s lifetime expected utility when it is not possible to purchase private annuities, with an analyss of
lifetime utility when such annuity purchases are possible. In the latter case, we assume that the couple
annuitizes dl of its wedlth, even though such a policy may not yied the highest possible leve of lifetime
utility among al annuitization srategies.

Thefirgt step in our annuity equivaent weeth caculation is evauating the vaue function when
the couple uses dl of its wedlth to purchase an annuity. We denote the private market annuity flows by
A’. Given our assumptions, when a couple uses dl of its retirement wedlth to purchase a private
annuity, it has no remaining non-annuitized wedlth at the beginning of the retirement period. The couple
may, nevertheess, choose to save some of the income from annuity payouts early in the retirement
period, and accumulate awedth sock in periods following the initid annuitization decision.

When the couple has an annuity policy that offers benefits{ A’s, A’m, A’} when both members
of the couple, the husband, or the wife are dive, respectively, the value function in (6) is replaced by

V(W A'b, A'm, A')=max Un(C™+1 Ch +j U(C+1 C™)
+ (L) (@A) LGV (Wor; A'b, A'm, AT+ (L-q)IMWers; A'm) + (L-c)F(Weer; A} (8)
The couple maximizes this value function subject to:

Wit = (We + At — C™ — Ch(1+1). (9)
Once again, the non-negativity condraints on wedth at al dates gpply to this problem. In addition, at
the beginning of retirement, when the couple has just purchased an annuity, Wes = 0.
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We assume that joint and survivor annuities are priced in an actuaridly fair fashion. The
coupl€e's age-65 wedlth stock before purchasing the annuity, which we denote as W* es, is related to the
private sector annuity payouts, {A’s, A'm, A’t}, by the equation:

WH = &I AFSn i* S+ A *S % (1- Sni) A, *Sn i ¥ (1- S )H(L+i)™ %, (10)
We consider severd possible structures on annuity payouts, including alevel nomind payout stream
while either member of the coupleis till dive, and various options with survivor payouts that are less
than the payouts while both members of the couple are dive. The vaue function that results from this
cdculation, assuming that the husband is 65 years old and that the couple chooses to fully annuitize any
retirement wedth, isV(0; A'v, A'm, A’r). The private sector annuity payouts are determined by (10)
and the wedlth leve that the couple had at the beginning of retirement.

The opening of an annuity market, which provides access to insurance that was not otherwise
available, will typicaly raise the couple s utility level. For acouple with awedth stock at retirement of
W gs, thistypicdly impliesthat V(0; A'b, A'm, A’f) > V(W*es; 0, 0,0) where the feasible private
annuity choices are given by (10) above. However, there may be cases in which the structure of
payouts in the private annuity market is unattractive relative to the coupl€'s progpective consumption
needs. In such cases, our requirement that the couple fully annuitize retirement assets if they participate
in the annuity market could make the couple worse off. Our caculations below, however, indicate that
this does not occur for most plausible parameter values.

The second step in the annuity equivaent wedth cdculation involves finding how much more
retirement wedlth the couple would need, if it did not have access to an annuity market, to obtain the
same expected utility that it would recaiveif it could fully annuitizeit's actud retirement wedth (W*es).

We express the "annuity equivaent wedth" as afraction of the couplesinitia retirement wedlth by
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finding thevdue a for which

V(0; A’y A'm, A')=V(aW*es; 0, 0, 0). (11)
We numerically search for thevalue a that satisfiesthis equdity. Thusin the first stage of the annuity
equivaent wedlth caculation, we evauate a vaue function once, given aset of parameters, determine
the value on the left hand side of (11). In the second step of the calculation, we evauate the value
function corresponding to the no-private-annuity case many times, until we find the wedth leve, or
dternatively thevaueof a, that satisfies (11).

2.2 The Household Problem with Pre-Exigting Annuities

When the couple receives some income from a pre-existing annuity, the recursive equation for
wesdlth evolution differs from the one specified above, and the value functions dso differ. The wedth
evolution equation without the purchase of a private annuity now depends on the coupl€'s pre-existing
annuity income, which can in turn depend on which members of the couple are dive. Recdl that there
are potentidly three different annuity payouts, depending on whether both spouses are dive (Ab), only
the husband survives (Am), or only the wife survives (As). (Note that we use A’ to denote privately
purchased annuities, and A to denote pre-existing annuities. It would be straightforward to generaize
the analysis to period-certain annuities, but we leave that for further work.)

The modified weath accumulaion equation with pre-exigting annuities, but no privately
purchased annuities, is

Wt = (Wi + Ac—C™ - Ch)(1+) (12)
where A: denotes the couple€'s survivor-contingent annuity flow.

The vaue functions defined above now aso depend on the pre-existing annuity income flows.
The new vaue function for the couple in the abbsence of privatdy-purchased annuities, the analogue of
(6),is
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V(W Ab, Am, Aj=max Un(C™ +1 CY) +j U(Ch+1C™)+
(L4 ) { (L) (LA (Wers; Ao, Am, A) + (L-q")GM(Weet; Am) +07(1-0) F(Weet; A} (13)
While finding the values of C™ and C' that maximize this value function is more difficult then finding the
consumption choices that maximize equation (6), both problems can be solved using the same stochastic
dynamic programming techniques.

In choosing plausible parameters for pre-existing annuity payouts, we consder the expected
present discounted value (EPDV) of this annuity income as a share of the couple's wedlth. For a couple
that congists of two 65-year-olds, thisEPDV is.

EPDV = 8" 5l A *Sni* S.i+ A * S i* (L- Sni) +A, *Sni* (L- S )H(L+1)™ % (14)
(Note that in our analys's we assume that the return available to an insurance company equals the return
avalableto acouple (r =i).)

In our calculations below, we assume that haf of the couple's wedth takes the form of pre-
exiging annuities. We congder two cases with respect to survivor payouts, one in which a surviving
gpouse receives half as much as the couple received when both members were dlive (Ar = Am = .5 Ap),
and onein which the survivor receives two thirds of the coupl€e's benefit. We believe these cases

roughly span the current structure of Socia Security and private pensions.

Computing annuity equivaent wedlth in the presence of pre-exigting annuities proceeds in the
same way as the cdculation without pre-exigting annuities. The couple's vaue function wheniit is
possible to purchase private annuities, and when there are dso pre-existing annuities, is

V(W Ab, Am, A, A'b, A'm, A')=max Un(C™+1 Ch) +j U(Ci+1 C™)

+(1+r) Y (1—d“)(1—qf)V(\Nt+1; Ab, Am, At, A'p, A'm, A'Y)
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+ (LM (Weer; Am, A'm)+ 6/(1-0) F(Waet; Ay, A9} (15)
The couple maximizes this value function subject to:
Wirs = (Wi + Ack A't — C™ — C)(1+1),

(16)

the non-negativity congraints on wedth at dl dates, and the congraint that if the couple
purchases a private annuity, Wes = 0 at the beginning of retirement. The vaue function thet results
from this calculation, assuming that the husband is 65 years old and that the couple chooses to fully
annuitize any retirement wedth, isV(0; Ab, Am, A, A’b, A'm, A'Y).

If the couple cannot purchase an annuity, the vaue function corresponding to joint utility
maximization isgiven by V(W*es; Ab, Am, Af). The annuity equivaent wedth parameter, a, is defined
implicitly in this case by:

V(0; Ab, Am, Ar, A'b, A'm, A=V (aW*es; Ab, Am, Av). @

Asin the case without pre-existing annuities, we numericaly search for thevadue a tha satidfiesthis
equality.

Brown, Mitchdll, and Poterba (1999) used the annuity equivaent wealth concept to describe
the rdative vaue of different annuity schemes, such aslevd-payment nomind annuities, inflation-indexed
annuities, and escaating nomind annuities, for sngle individuas. The results of the caculation in (14)
can be compared with those findings to obtain some ingght on the vaue of annuities to couples rather
than angle individuds.

2.3 Cdibration

To evauate the annuity equivaent wedlth from access to ajoint annuity market, we need to

parameterize the vaue functions described above. This section discusses the choice of mortdlity rates

and risk aversion coefficients for our stochastic dynamic programs. Some parameters thet are likely to
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have an important effect on the vaue of an annuity, such as the degree of jointnessin household
consumption, are difficult to calibrate based on the existing literature. For these parameters we will rely
on sengtivity analysis in reporting our results.

2.3.1 Mortdity Rates

Specifying the mortdity rates facing potentia annuitantsis an essentid component of the annuity
equivaent wedth calculation. MPWB (1999) explain that there are two mortality tables that could be
used to vaue annuity payouts. The firg is the population life table, which is compiled by the Socid
Security Adminigtration Office of the Actuary and describes the mortality experience of randomly
sdected individuasin the population. The second is an “annuitant” mortdity table, which more
accurately captures the mortdity experience of individuals who have historicaly purchased annuity
contracts. In both casesit is essentia to use a cohort mortdity table which describes the mortdity
experience a different ages for individuals who were born in agiven year. (Thisisdistinct from a
“period” mortdity table that describes the mortdity risk facing individuas of different agesin agiven
year.) Sincewe are primarily interested in the annuity equivalent wedlth for representative couples, we
use population cohort mortality tablesin our caculations.

We noted above that a key difference between the annuitization choice for a couple and that for
an individud is that the joint-and-survivor mortdity table differs from thet for an individua. Figure 1
illugtrates this point. 1t shows the probability that a male aged 65 will survive to various ages, that a
female aged 65 will survive to various ages, and the probability thet at least one member of amarried
couple, both of whom are 65, will survive to various ages. The survivor curve for the couple lies above
the individua survivad curves, showing that the probability of at least one member of the couple surviving
to agiven ageislarger than thet of ether individua. For example, the probability of & least one
member of a 65-year-old couple living to age 80 is .86, compared with .54 for asingleman. The
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corresponding life expectancies are 15.7 years for the male, 19.4 yearsfor the female, and 23.1 years
for the second-to-die spouse in amarried couple.

The married couple survivor curve in Figure 1 lies above the individua survivor curves, and it
adso has adifferent shape. Thereisless probability massin the tails of the joint length-of-life distribution
than in theindividua digtributions. The standard deviation of the coupl€ s longest life expectancy is 7.8
years, which is lower than that for aman (9 years) or for awoman (9.5 years). Thisis potentialy
important because an annuity is usudly more vauable when there is greater uncertainty about remaining

life length.
2.3.2 Risk Averson

The second important parameter in our anadyssis the coefficient of relaive risk averson, which
determines the shape of the sub-utility functions for husbands and wives. A subgtantid literature in
meacroeconomics has found levels of risk averson near unity, which correspond to log utility. Laibson,
Repetto, and Tobacman (1998) survey much of thiswork. Mehra and Prescott (1985) note, however,
that much higher levels of risk aversion are needed to explain the large historica return premium of U.S.
equities over riskless bonds. In addition, recent survey work, such asthat in Barsky, ¢ d. (1997), also
suggests that household risk aversion levels are higher than unity. Therefore, we will consider arange of
vaues for risk aversgon, including 1, 2, 5, and 10. Hurd (1989) showsthat if consumers are highly risk
averse they will want to guard againgt having to consume a alow levd if they wereto live longer than
they expected. Similarly, couples will vaue annuitization more highly when the risk averson parameter

(b) islarger.

3. Reaults of Annuity Equivaent Wedth Cdculations

We compute the utility level that amarried couple achieves when it uses dl its wedth to
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purchase an actuaridly fair joint and survivor annuity, as well asthe utility level associated with no
purchase of such an annuity. We then place these utility levelsin pergpective using the concept of
annuity equivaent wedth. We begin our andlysis with a base case of a 65-year old hushand with a 62-
year old wife, and with no consumption complementarities (| =0). The three-year difference in the age
of the husband and wife is consstent with U.S. experience according to Social Security actuaries.

Table 1 presents our annuity equivalent wealth results for this “base case couple” Thereare
two centrd findings. Fird, the vaue of annuitization islower for the married couple than for a
"comparable’ angleindividua. Second, the value of annuitization rises with risk averson, and with the
age of the couple. These results pardld findings for sngle individuas.

Table 1 reports findings for various sets of parameter choices. The columns of the table show
dternative assumptions abouit f , the ratio of survivor annuity income from the privately-purchased
annuity to the income received by the couple when both are dive. We congder the three most common
survivor benfit ratios of 1/2, 2/3, and 1. We aso consder four different levels of risk averson,
including arddive risk averson coefficient of 1 (log utility), 2, 5, and 10.

The table dso shows three different scenarios with regard to pre-existing annuity income. The
top pand corresponds to the case in which thereis no pre-existing annuity. The middle pand assumes
the couple begins with haf itswedlth in a pre-exiting red annuity that pays a survivor benefit equa to
one-hdf of the couple benefit. Thisisa stylized representation of the casein which both members of a
couple are entitled to equa Socia Security benefits, and have hdf their wedth in Socid Security. Upon
the desth of the first spouse, the survivor will continue to receive only his or her own worker benefit. In
the bottom pand, we again assume that hdf of the couple's wedth is pre-annuitized, but now offer a
survivor payout equa to 67 percent of the couple s benefit. This corresponds to a stylized casein
which the couple's Socid Security benefit consists of a primary worker benefit plus an additional 50
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percent in dependent benefits. Upon the deeth of the first spouse, the Socia Security benefit dropsto
67 percent of the coupl€ s benefit.

Theresultsin the first pand of Table 1 provide an illugtration of our findings. When the
actuaridly far private annuity offers ajoint life contract with a 50 percent survivor’s benefit to our base
case couple with log utility, access to annuitization is equivaent to a 17.5 percent increment to the
couple' s non-annuitized wedth. The annuity equivaent wedth, parameterized by a above, is 1.175.
Increasing risk aversion from 1 to 2 raises the annuity equivaent wedth from 1.175 to 1.244, and
further increasesin risk averson result in further increases in annuity equivaent wedth.

The resultsin the upper pand of Table 1 dso suggest that the ratio of survivor benefitsto
annuity payouts when both members of the couple are dive has amodest effect on annuity equivadent
wedlth, at least a low levels of risk averson. When the reletive risk averson coefficient is two, for
example, varying the survivor payout relative to the couple payout from 0.5 to 1.0 changes the annuity
equivaent wedth by only 0.044, i.e. 4.4 percent of initia non-annuitized wedth. All of the annuities that
we congder provide a constant nomina payout stream, so different survivor payout structures partly
affect the degree to which rea benefits decline over time. Without consumption complementarities, the
survivor réio of 0.67 provides the highest annuity vauation for most levels of risk averson, though 0.5
is preferred for arisk aversion coefficient of 10. As can be seen, full survivor benefits are not optimal
for any of the levels of rdative risk averson that we consder. Thisis because upon the degth of the first
spouse, the income required to provide the survivor with a given level of consumption declines.
Providing full survivor benefits gives too much income to the survivor & the expense of too low a
consumption level when both spouses are dive.

The fina column of Table 1 provides acomparison to the case of asingle male, age 65, who
maximizes an individud utility function and who does not have opportunities to poal risk within a
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marriage. For dl leves of risk averson, the annuity equivadent wedth for couplesis sgnificantly lower
then that for angleindividuals. The difference between individua annuity valuation, and annuity vauetion
by amarried couple, is partly explained by the fact that risk sharing takes place within couples. If one
member of the couple lives an unexpectedly long life, there is some probability of inheriting resources
from an earlier-to-die spouse. This provides some mortality insurance, even without aforma annuity
contract.

The results in the two lower pands of Table 1 indicate how our findings change when the couple
has access to a pre-existing annuitized income stream such as Socia Security or a defined benefit
pension plan. We assume that the pre-existing annuity benefit isindexed to inflation. Comparing the
results to the top panel, we see that the coupl€e s annuity equivalent wealth (now computed as amultiple
of initidly non-annuitized wedth) declines when haf of the couple's wedith is dready annuitized. The
annuity equivaent weath when the couple has some pre-existing annuity income istheratio of the
coupl€e' s non-annuitized wedth that would be required to make them as well off asif they were fully
annuitized. For dl levels of risk averson, and for dl combinations of survivor benefits, the annuity
equivaent wedth is lower when the couple has some pre-annuitized wedlth. This suggests that pre-
exigting annuities reduce the demand for additiond private annuities.

Table 2 explores the sengtivity of the results to adternative assumptions about the degree of
“jointness’ in consumption. This table continues with our base case couple that consists of a 65-year
old man married to a 62-year old woman, but it now adlows| , the consumption complementarity
parameter, to vary. Thefirst column again reports results for the case of no jointness (| =0). The
second column assumes that haf of al consumptionisjoint (| =.5) and the third column assumes
complete jointness in consumption (| =1). Thejointness parameter | does not affect the annuity
equivaent wedlth in the case of log utility, so Table 2 reports results for risk aversion vaues of 2, 5, and
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10. We redtrict our attention to the case without pre-existing annuities, the case consdered in the first
pand of Table 1, to focus on the effect of the private annuity survivor ratio. We vary the survivor rétio
on the privately purchased nomind annuity from 0.4 to 1.0 in increments of 0.1.

Thejointness parameter clearly affects the desired survivor ratio. Without consumption
externdities, a survivor benefit ratio of 0.6 is preferred to the other ratios considered for dl levels of risk
averson that we consder. The preferred survivor ratio rises with the jointness parameter, with full
survivor benefits being preferred in the case of full consumption externdities (| =1). Full jointness means
that a surviving widow, for example, needs just as much total income as she and her husband needed
when he was dive to sugtain agiven leve of consumption. With full jointness in consumption, two can
consume for the price of one, so the death of a spouse does not reduce a household' s expenses.

Survivor benefits are more attractive when there are positive consumption externdities within a couple.

Table 3 explores the effect of the age of the hushand and wife on the annuity equivaent wedth.
The table consders two levels of risk aversion, 1 and 5, but it confines attention to | =0 and the case in
which the privately purchased annuity has a survivor benefit ratio of 0.67. We present results both for
the case of no pre-exigting annuity wedlth, and for the case in which haf of wedlth is pre-annuitized with
asurvivor ratio of 0.5. The table shows that the annuity equivaent wedlth increases with the age of
ather spouse. Gaining access to annuities for two 70 year olds with log utility and no pre-existing
annuitiesis equivaent to a 24.2% increase in their wealth, compared to only 11.7% for two 55 year
olds. These age effects arise due to differences in mortality risk faced by the individuas. The rate of
return on an actuaridly fair annuity conssts of amortdity premium that is afunction of the mortdity
hazard. Older couples face higher mortaity probabilities, and thus have more to gain from annuitization
than do younger couples.
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4. Conclusons and Future Directions

This paper presents new results on the market for joint annuities and on the utility gains available
to married couples who are able to participate in actuaridly fair annuity markets. A couple conssting of
a 65 year old man and a 62 year old woman find access to actuaridly fair joint and survivor annuities
roughly equivaent to an 18% increase in non-annuitized wedlth, assuming log utility. Ther vauation of
annuitiesis even higher if risk averson is higher or if the spouses are older at the date of annuitization.
We confirm previous findings for sngle individuas that suggest that pre-existing annuity weelth reduces
the demand for additiona annuitization.

The results suggest that married couples va ue the opportunity to purchase joint and survivor
annuity products less than sngle individuas va ue the opportunity to purchase single life annuities.
Moreover, a high levels of risk averson, annuity design features such as the relationship between the
annuity payouts for surviving spouses and the benefits paid to the couple when both members were dive
can have an important impact on the coupl€'s vauation of the annuity.

Our egtimates of the amount that couples would be prepared to pay to obtain joint and survivor
annuity products can be contrasted with the estimates of the expected present discounted value (EPDV)
of joint and survivor annuity payouts in Mitchell, Poterba, Warshawsky, and Brown (1999). Those
estimates suggested that for a 65 year old couple, the EPDV of the average annuity in the marketplace
is 84 percent of itsinitid premium. Because couples find annuities less vauable than sngle individuds,
couples may find that these “load factors’ in the private marketplace are sgnificant enough to deter
them from annuitizing their resources. Given the importance of married couples in the population age
groups thet are mogt likely annuity buyers, thismay help to explain the rather limited size of the annuity

market.
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One of the important issues that we have not considered is the possible relationship between
mortdity risk of married individuas. Frees, Carriere, and Vadez (1996) document a“ broken heart
effect” in the mortdity of married couples: conditiond on the degth of one spouse, the mortdity risk of
the surviving spouse rises. Their cdculations suggest that this effect reduces the expected discounted
vaue of joint and survivor annuity payouts by about five percent relative to what they would be without
this effect.

A second issue that we have not considered is the impact of bequest motives on the demand for
joint and survivor annuities. To the extent that couples value wedlth that isleft behind to their helrs, this
may lessen the vaue of annuitizetion. Jousten (1998) discussesin detail how one can modd the utility of
gifts and bequests for the case of an individud life-cycle consumer. This andyss can be extended to the
couples context. We have not done this because there is remarkably little empirica guidance regarding
the parameterization of the utility of bequest function. One study that estimated the necessary utility
parameters for a bequest motive, Hurd (1987), estimated it for individuas and found the margind utility
of bequests to be statigticaly indistinguishable from zero. Further work exploring the impact of bequests
in acouple s context is left for future research.

A related issue that could explain the limited demand for private annuities is the potentialy
important role of medica expense uncertainty. Both individuas and couples may be concerned about
the risk of future uninsured medical expenses (e.g., long-term care needs), and they may
correspondingly be reluctant to annuitize their resources. This explanation for limited annuity demand
has not yet been quantified, however, or evaluated using awell-cdibrated modd for health needs and
consumption demands.

A find issue for further study concerns the nature of the utility functions for men and women in
married couples. There is some evidence, for example from asset dlocation patterns in defined benefit
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plans, that women are more conservative investors than men are. If this reflects higher risk aversion,
then it may be appropriate to modify our assumption that men and women have the same preferences,
and hence sub-utility functions, in our andyss. More generdly, it is possible that the couplesjoint utility
function, which results from bargaining between the hushand and the wife, is more complex than our
andysis suggests. Further progress in modeling the behavior of couplesislikely to await clear empirica

evidence that bears on these issues.
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Married Couple, Joint Life Annuity with Survivor Ratio

TABLE 1
Annuity Equivalent Wealth For Married Couplesand Single Persons

0.5 0.67
No Pre-Exigsting Annuities
CRRA=1 1.175 1.179
CRRA =2 1.244 1.247
CRRA =5 1.339 1.340
CRRA =10 1.407 1.402
Haf of Wedth Pre-Annuitized with Survivor Ratio = 0.5
CRRA =1 1.107 1.110
CRRA =2 1.153 1.159
CRRA =5 1.229 1.237
CRRA =10 1.289 1.297
Haf of Wedth Pre-Annuitized with Survivor Ratio = 0.67
CRRA=1 1.111 1.106
CRRA =2 1.164 1.153
CRRA =5 1.279 1.252
CRRA =10 1.368 1.301

1.0

1.158
1.205
1.250
1.266

1.099
1.138
1.189
1.223

1.082
1.109
1.154
1.170

65 Year Old
SingleMan

1.465
1.576
1.679
1.703

1.311
1.405
1.530
1.625

1.311
1.405
1.530
1.625

Note: Cdculations for the married couple assume that the husband is 65, the wife is 62, and that there are

no complementaries in consumption.
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TABLE 2
Effect of Consumption Complementary, Measured by | , on Annuity Equivalent Wealth

CRRA =2 | =0 | =5 | =1
Survivor Ratio =
4 1.201 1.153 1.120
5 1.230 1.190 1.165
.6 1.244 1.213 1.194
7 1.248 1.225 1.213
.8 1.236 1.231 1.228
9 1.222 1.226 1.229
1.0 1.205 1.217 1.230
CRRA =5 =0 | =5 =1
Survivor Ratio =
4 1.312 1.152 1.057
5 1.339 1.216 1.142
.6 1.345 1.256 1.197
v 1.335 1.274 1.233
.8 1.313 1.280 1.256
9 1.284 1.277 1.268
1.0 1.250 1.264 1.272
CRRA =10 | =0 | =5 =1
Survivor Ratio =
4 1.388 1.035 <1
5 1.407 1.175 1.021
.6 1.412 1.255 1.131
7 1.394 1.293 1.204
.8 1.354 1.298 1.249
9 1.308 1.293 1.272
1.0 1.266 1.280 1.278

Notes: All calculations assume that the couple does not have any pre-existing annuity wedth. The
parameter | indicates the degree of consumption complementarity; see text for further discussion.
Cdculations are for amarried couple in which the hushand is 65, and the wife is 62.



TABLE 3
Effect of Age Differentials on a Couple's Annuity Equivalent Wealth

Age of Hushand

Age of Wife 55 60 65 70

CRRA =1, Privately Purchased Annuity with Survivor Ratio = 0.67, No Pre-Existing Annuities

55 1.117 1.131 1.146 1.160
60 1.133 1.151 1.170 1.188
65 1.150 1171 1.194 1.215
70 1.168 1.193 1.217 1.242

CRRA=1, Privately Purchased Annuity with Survivor Retio 0.67, Half of Wedth Pre-Annuitized with
Survivor Ratio 0.5

55 1.070 1.082 1.094 1.103
60 1.082 1.095 1.105 1.118
65 1.094 1.104 1.118 1.132
70 1.103 1.117 1.131 1.146

CRRA =5, Privately Purchased Annuity with Survivor Ratio = 0.67, No Pre-Existing Annuities

55 1.216 1.243 1.261 1.283
60 1.253 1.281 1.320 1.339
65 1.286 1.334 1.366 1411
70 1.322 1.374 1.433 1.475

CRRA=5, Privately Purchased Annuity with Survivor Retio 0.67, Half of Wedth Pre-Annuitized with
Survivor Ratio 0.5

55 1.161 1.178 1.184 1.193
60 1.181 1.193 1.216 1.252
65 1.193 1.221 1.265 1.291
70 1.215 1.265 1.294 1.326

Notes. All caculations assume that there are no consumption complementarities between the husband and
the wife,
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