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1 IntroductionSince the sixties, U.S. households have experienced a dramatic change in their struc-ture and composition. Between 1960 and 1990, the percentage of single-parent householdsincreased from 3.4% to 12.0%, while the percentage of traditional family households droppedfrom 81.9% to 59.7% over the same period. Changes in the patterns of household formationand dissolution have, to a large extent, been responsible for the described transformation ofU.S. households. Since the sixties, the rate of divorce has more than doubled, while the in-cidence of childbearing outside of marriage has increased fourfold.1 In addition, the averagehousehold rate of saving out of disposable income has fallen dramatically, from 8.95% forthe periods 1960-61 and 1972-73 to 4.17% for the period 1984-90.2 In this paper we studywhether changes in the structure of households, product of changes in divorce and illegitimacypatterns, have inuenced, in a quantitatively signi�cant manner, the behavior of aggregatesaving.To understand how changes in the patterns of household formation and dissolutiona�ect the aggregate saving of a society, we start by describing an expression that aggregatesthe saving of households. Let a society be composed of a certain number of households types,identical within each type. Household types are denoted by j = f1; � � � ; Jg = J , and thenumber of each type by �j , with Pj2J �j = 1. Let sj correspond to the savings of type j,yi the income of type j, and ŝj = sjyj the saving rate of type j. The aggregate saving rateof a society, Ŝ, is given by the ratio of a weighted average of group-speci�c saving rates andaggregate income, Ŝ = Pj2J �j �yjY � ŝj, where Y denotes aggregate income. The expressionallows us to decompose changes in the overall saving rate into changes in the relative size �j,relative income yjY , and saving behavior ŝj of each group.Since changes in the patterns of household formation and dissolution imply changes inthe population structure, we might expect an increase in the overall saving rate should theshare of traditionally low saving types decrease. To evaluate the direct impact on saving ofchanges in the structure of households, we compute the aggregate saving rate that results from1Other factors responsible for changes in the structure of U.S. households include, most noticeably, changesin the age structure of the population, the postponement of marriage, the rise in cohabitation, and the delayand reduction in childbearing.2The fall in the household saving rate can also be shown with other measures. See Section 2



assuming the behavior and income distribution of the eighties, yet the population structureof the sixties. This means computingPj2J �60j �yjY �80 ŝ80j , where the superscript denotes theperiod the variable refers to. This calculation yields a saving rate that is 55% higher thanthe actual saving rate in the eighties. At �rst glance, the result would seem to imply thatover half of the decline in the rate of saving has been the result of changes in the populationstructure.However, this exercise makes sense only if both the relative income and the savingbehavior of households have not been a�ected by the observed changes in population struc-ture. In other words, changes in the patterns of household formation and dissolution a�ectthe aggregate saving rate not only through their direct e�ect on the relative size of householdtypes, but also through indirect means by a�ecting the relative income and saving behav-ior of households. These indirect e�ects could change our assessment, perhaps dramatically,regarding the role of demographics in shaping aggregate saving.Of all the social changes that have worked to reduce the relative size of married house-holds (increased divorce, increased out-of-wedlock births, reduced mortality, postponementof marriage, delayed and reduced childbearing, and increased cohabitation), perhaps the twomost important and, hence, most responsible for recent changes in the demographic struc-ture are the falls in mortality and fertility rates that have produced an aging populationand the increases in divorce and out-of-wedlock birth rates that have reduced the percentageof married couples in the population. The impact of population aging on savings has beenstudied extensively in the literature. Auerbach, Kotliko�, Hagemann, and Nicoletti (1989)and Auerbach and Kotliko� (1992) employ a dynamic general equilibrium life cycle model toevaluate the e�ect of population aging on the U.S. rate of capital accumulation. They �ndthat the changes in the U.S. population since the sixties, all else equal, cannot explain theobserved decline in the aggregate saving rate. R��os-Rull (1994) also �nds that in the earlystages of the population aging in Spain, the saving rate should increase, not decrease. Morerecently, Gokhale, Kotliko�, and Sabelhaus (1996) have used a national accounts-based, life-cycle framework to understand the drop in the U.S. saving rate. They �nd that had the agedistribution of the population in sixties prevailed in the eighties, the U.S. saving rate would2



have been lower, rather than higher. 3 Gokhale, Kotliko�, and Sabelhaus (1996) attributepart of the decline in saving, since the early sixties, to the growth in government transfer pro-grams (Social Security, Medicare and Medicaid), and to increases in the marginal propensityto consume of the elderly). In this paper, we explore the e�ect on aggregate saving of theother key demographic phenomenon, the increase in the percentage of single and single-parenthouseholds, the product of increases in the rates of divorce and illegitimacy.Changes in the likelihood of divorce and illegitimacy, what we termmarital risk, implychanges in the incentive to save of households. People are generally made worse o� afterdivorce or an out-of-wedlock birth. Economies of scale in household size, increasing returnsin market and home production activities, and the transaction costs involved in splittingthe couple into two di�erent households render divorce an undesirable event for the partiesinvolved. An out-of-wedlock birth will not only increase a household's consumption needs,but also reduce a woman's current and future �nancial well-being (the latter by reducingher likelihood of marriage). Since households cannot insure themselves against these single-parenthood risks, a greater likelihood of divorce and illegitimacy may induce a desire to savemore because of standard precautionary motives.4 However, an increase in the incidence ofdivorce may work to discourage saving. Divorce procedures involve legal and real estate feesthat reduce the net worth and consequently the return to saving of the divorced couple. Inaddition, divorce, when associated with remarriage, will reduce incentives to save. Divorceinvolves the splitting of assets between ex-partners, and remarriage involves the sharing ofthe already reduced assets with the new partner.5 It is di�cult to get a sense of the relativestrengths of these opposing e�ects ex-ante.In answering our question, we pose a general equilibrium overlapping generationsmodel. We distinguish between the sexes and assume agents are subject to exogenous unin-3While the age distribution of the sixties had relatively more middle aged individuals than the age distri-bution of the eighties, it also had relatively less younger individuals.4Empirical evidence suggests that single-parenthood risks are associated with important income losses.Johnson and Skinner (1986) �nd a dramatic reduction of a female's family income net of her labor earningswithin two years after divorce. Bane and Ellwood (1986) �nd that 11% of all poverty spells are triggered bytransition into female-headed families, either through divorce (64%) or an out-of-wedlock birth.5According to (Cherlin, 1992) over 75% of all divorced people remarry and the median length of timebetween divorce and remarriage is about three years.3



surable changes in the type of household that they form that resemble U.S. patterns.6 Amarried couple solves a joint maximization problem where the interest of each spouse isconsidered. We assume a couple to be a unit with community property and equalization ofconsumption across both members. Each period, households decide how much to save andconsume, yet we abstract from explicitly modeling time allocation and fertility decisions.We calibrate a baseline model to the economic and demographic characteristics ofthe eighties and conduct the same type of analysis on the model as we have on the data.Consistent with the results obtained from the data, in our model when we �x the relativeincome and saving behavior of households, yet use the population structure associated withthe divorce and illegitimacy patterns of the sixties, we obtain a much higher saving rate.To properly account for the indirect e�ects of demographic change on saving, wecompute the equilibria of an economy that di�ers from the baseline model economy in that thepatterns of divorce and illegitimacy are consistent with those found in the sixties. Contraryto the naive assessment that changes in the structure of households can account for over halfof the decline in the rate of saving, we �nd that the saving rate in this model economy isonly 2% higher than that found in the baseline model. The explanation lies in that while alarger fraction of high-saving households exist, households save less when faced with a lowerincidence of divorce and illegitimacy. We �nd that increases in marital risk work to encourage,rather than to discourage saving, as the precautionary motive to save dominates the implicitlower return to saving associated with higher divorce risk.When we isolate the demographic change into changes due to illegitimacy only andchanges due to divorce only, we �nd that each factor contributes in the same proportion tochanges in the household's saving behavior. We also study the role of changes in earningsbetween the sixties and the eighties by posing a model economy that di�ers from the baselinenot only in the divorce and illegitimacy patterns, but also in the relative earnings distribution,so that changes reect the patterns of the sixties. In this context, our model predicts thatthe combination of increased marital risk and changes in earnings will increase rather than6As far as we know, the only two-sex model constructed is by Kotliko� and Spivak (1981), who are onlyinterested in studying how the family could provide insurance against uncertain longevity to its members,yet abstract from many other features of marriage. 4



decrease saving. We �nd that our results are robust to a variety of other versions of themodel economies, which di�er on the most delicate features of our calibration: the size of thepecuniary costs associated with divorce and the relative weight assigned to each member ofthe couple.Finally, we study whether some reduction in saving can be associated with the factthat people have been pre-empting these social changes. It could very well be that householdsduring the sixties behaved according to the rules of divorce and illegitimacy of the eighties.For the hypothesis to hold true, household saving would have had to increase sharply beforethe sixties and decrease monotonically thereafter. However, the empirical evidence suggeststhat no such important increase in saving rates occurred in the United States between the�fties and the sixties.We proceed as follows. Section 2 analyzes U.S. data on household saving in an attemptto isolate each of the three factors (population structure, relative income distribution, andsaving behavior) that might have contributed to the decline of the aggregate saving rate.Section 3 describes the model and de�nes the equilibrium. Section 4 describes the calibrationprocedures for the baseline model economy, while Section 5 describes the model's properties.Section 6 describes the behavior of the model economies calibrated like the baseline except forsome features that were prevalent in the sixties: namely, lower divorce rates, lower illegitimacyrates, and a di�erent earnings distribution. Section 7 explores the robustness of our �ndingsacross several dimensions. In Section 8, there is an analysis of the plausible properties of atransition from a low divorce and illegitimacy regime to one where marital risk is greater.Section 9 concludes and suggests extensions for further research. Appendix 1 describes thecomputational algorithm. Appendix 2 provides certain details of the calibration procedures.Appendix 3 includes relevant tables and �gures.2 Data Analysis on Aggregate Saving RatesIn this section, we use U.S. data to study changes in the aggregate saving rate bydecomposing these changes into changes in population structure, relative income distribu-tion, and saving behavior. The data are from C�ordoba (1996), which uses the ConsumptionExpenditure Survey (CEX). Since this survey started being collected continuously in 1979,5



for the sixties, we use the averages of the surveys: 1960-61 and 1972-73. Data for the eightiesrefer to the period 1984-1990. For each household in the survey, a measure of income and ameasure of consumption are constructed. The notion of income used was that of disposablepersonal income. This notion excludes pension plan contributions both voluntary and com-pulsory, is net of taxes, and includes transfers both from the public sector and from privatepension plans. Some adjustments are made to include the services of owner-occupied hous-ing (which, of course, are also included in the notion of consumption). To compute savingfor each household, a comprehensible measure of consumption was subtracted from that ofincome.7This is not exactly the notion of household saving that we use in our model, since weabstract from the public sector and treat contributions to pension plans as saving and cashreceipts from them as dissaving, but it serves the purposes of studying the role of householdstructures. Note that other measures of saving rates, such as the net national saving rate,fell from 9.1% to 4.7% between the sixties and eighties, and follow a very similar pattern.8The population is partitioned into three groups: people living alone, single parentsand households with multiple members.9 For each household type j, we obtain measures ofthe household's relative size �j , its average income relative to total income yjY , and its averagesaving rate ŝj. As we noted in the introduction, the saving rate in year t, Ŝt, is given by theexpression Ŝt = Xj2J �tj  ytjY t! ŝtj (1)where Y t is total disposable income. Recall that aggregate household saving as a proportionof disposable income equals 8.95% in the sixties and 4.17% in the eighties.A way of analyzing the contribution of each of these three factors |changes in popu-lation structure (�j), changes in relative incomes (yjY ), and changes in behavior (ŝj)| is tocompute the saving rate that one would obtain mixing factors of the eighties and the six-7See C�ordoba (1996) for details on how a variety of data issues, such as top-coding, are dealt with.8Table A5. in Appendix 3 borrows from Gokhale, Kotliko�, and Sabelhaus (1996) the evolution of netnational saving rates by decade going back to the �fties. Net national savings is de�ned as the net nationalproduct net of consumption and government expenditures.9There is a slight di�erence in the way we partition dependents. In the model dependents are consideredsingle heads of household without dependents, but not in the analysis by C�ordoba (1996). This featureaccounts for some of the di�erences in the household structure between the model and data.6



ties. For example, the saving rate that would be obtained with the population structure ofthe sixties but with the relative incomes and saving behavior of the eighties is given by theexpression Pj2J �60j �yjY �80 ŝ80j .Table 1 shows the hypothetical saving rates for di�erent combinations of populationstructure, relative incomes, and saving behavior. The results should be interpreted as whatwould have been the saving rate in the eighties under the assumption that one or two of thethree factors were of the sixties. The �rst row of Table 1 normalizes the actual saving rateof the eighties in the United States to unity, while the last row shows the normalized savingrate for the sixties. The key properties of the data are as follows:Table 1: United States: Actual and Hypothetical Saving Rates of the EightiesExpression Saving RateActual Saving Rate of the Eighties Pj2J �80j �yjY �80 ŝ80j 1.00Population Structure of the Sixties Pj2J �60j �yjY �80 ŝ80j 1.55Relative Incomes of the Sixties Pj2J �80j �yjY �60 ŝ80j 0.87Population Structure and Incomes of the Sixties Pj2J �60j �yjY �60 ŝ80j 1.38Actual Saving Rate of the Sixties Pj2J �60j �yjY �60 ŝ60j 2.151. If population had been that of the sixties, while relative income distribution and behav-ior were that of the eighties, then the saving rate would have been about 55% higherthan the actual eighties values. This is because the percentage of high-saving marriedhouseholds was much higher in the sixties than in the eighties.2. If we assume the eighties population structure and saving behavior, yet the relativeincome distribution of the sixties, then we would observe a saving rate lower than theactual eighties value. The explanation lies in that the relative incomes of all groupsactually increased between the sixties and the eighties in roughly the same proportionfor all household types.3. If saving behavior is that of the eighties, while the population structure and relativeincomes is that of the sixties, then savings would be about 38% percent higher than than7



the actual eighties value. The result indicates that the e�ect of population structureon aggregate saving is more important than the e�ect of relative incomes.4. Finally, the sixties saving rate, which, of course, is the product of the sixties populationstructure, relative incomes and saving behavior, was more than double the rate foundin the eighties. The result is consistent with the argument that households behaved lessthriftily in the eighties than in the sixties.To summarize, there was a dramatic reduction in the U.S. saving rate between thesixties and the eighties, with the former being more than twice that of the latter. Of thisoverall reduction, changes in both the population structure and the saving behavior appearto have contributed to the decline in the saving rate, while changes in the relative incomesappear to have had the opposite e�ect. In terms of the size of these e�ects, it seems thatthe quantitatively more important of the three is the actual change in the saving behaviorof households, while the least important is the change in the relative incomes of households.Nevertheless, changes in population structure (recall that with this term we refer only to thepartition of households into people living alone, single parents, and households with multipleadult members) seems to account, by itself, for about half of the decline in the personal savingrate observed in the United States between the sixties and the eighties.3 The ModelThe model is a growth model with overlapping generations, where agents di�er insex and marital status. Agents of di�erent sex see their marital status altered exogenouslythrough marriage, divorce, widowhood, and the acquisition of dependents.A DemographicsThe economy is inhabited by agents that live a maximum of I periods but face amortality risk, we denote their age by i 2 I = f1; � � � ; Ig. agents also di�er in sex, denotedg 2 fm; fg, wherem and f refer to male and female, respectively. These characteristics evolveover time in the obvious way: next-period agents who survive are one period older and havethe same sex as today. Survival probabilities depend only on age and sex. The probability ofsurviving between age i and age i+1 for an agent of sex g is denoted i;g, and the unconditional8



probability of being alive at age i, ig, is, therefore, ig = Qi�1j=1 j;g. Agents are also indexed bytheir marital status, z 2 Z. The types of marital status that we consider are single withoutdependents so, single with dependents sw, and married. Distinguishing married agents by theage of their spouse is a necessity for internal consistency. The outlook that agents face dependson the age of the spouse, since future earnings and consumption requirements are a�ectedby it. The set of possible marital types is then given by Z = fso; sw; 1; � � � ; j; � � � ; Ig. Weassume that the process for marital status is exogenous with age-and-sex-speci�c transitionprobabilities denoted �i;g(z0jz). To avoid excessive notation, we de�ne transition matrices�i;g, so that their rows add up to i;g. Population grows at an exogenous rate ��. Agents'demographic characteristics are then given by the triad fi; g; zg. We use �i;g;z to denote themeasure of agents of type fi; g; zgA stable population is one that has constant ratios over time across the di�erentdemographic groups.10 This implies that the measure of the di�erent types satis�es thefollowing relation: �i+1;g;z0 =Xz �i;g(z0jz)(1 + ��) �i;g;z (2)where we are using the standard convention in recursive analysis of denoting next period'svariables with primes.Note that a key property of this model economy is that the measure of age i malesmarried to age j females must equal the measure of females age j married to males age i:�i;m;j = �j;f;i for all i; j 2 I: (3)B Preferences and EndowmentsWe assume agents to be completely sel�sh in the sense that they do not care for others,neither spouses nor dependents. Instead, we restrict their consumption to be the same asthat of their spouses and/or dependents.Agents do not care about leisure, and they value e�ective streams of consumption ina standard way.11 Household type a�ects how consumption expenditures transform into en-10This concept can be thought of as the demographic counterpart of a steady state.11We abstract from explicitly modeling time allocation and fertility decisions of households. See Becker9



joyable consumption ows, which takes into account both the local externality that arises inthe married living arrangement and the fact that di�erent types of households have di�erentsizes. For a single household without dependents, consumption is enjoyed one-for-one. Thisis not the case for single households with dependents, where one unit of consumption expen-diture translates into 1�i;g;sw units of e�ective consumption. Within a couple, both spousesare restricted to consume the same amount of the good. A couple's consumption expendi-ture translates into 1�i;g;j units of consumption for each spouse.12 We can write all this in acompact way as a state-dependent per period utility function:ui;g;z(c) = u c�i;g;z! : (4)Agents discount the future at rate � and only care if they survive. The lifetime expectedutility of an agent of type fi; g; zg at birth isE ( IXi=1 �i�1 i;g ui;g;z(c)) = IXi=1 �i�1Xz0 �i�1;g(z0jz)ui;g;z(c) (5)where �0;g(z0jz) is the probability distribution of marital types for newborns.Agents are endowed with one unit of time per period, which they supply inelastically.One unit of time of a type fi; g; zg agent is transformed into "i;g;z units of labor input.C MarketsWe look only at situations where prices are constant over time, that is, steady states.There are spot markets for labor and for capital with the price of an e�ciency unit of labordenoted w, and with the rate of return of capital denoted r. In addition, to avoid thecumbersome issue of dealing with the assets of the deceased, we allow for annuities marketsfor single households and allow them jointly for married households (only contingent uponthe death of both spouses). We do not allow for life insurance markets (contingent upon thedeath of one of the married partners, life insurance pays the survivor), nor we allow for the(1991) for a complete survey on these issues.12Distinguishing the coe�cient �i;g;j by household type enables us to account for di�erences in the numberof dependents found in each type of household without having to extend household types to include familysize. 10



existence of insurance for marital risk. That is, households cannot insure against marriage,divorce, or the acquisition or loss of dependents. The lack of life insurance markets is chosenfor simplicity, and we do not believe this is an important quantitative issue for the questionat hand. The absence of insurance markets for changes in household type is based on obviousmoral-hazard considerations. We also impose a nonborrowing constraint, although this canbe easily relaxed by noting that with this market structure, the obligation to repay in everystate of the world generates a maximum level of indebtedness. Agents with di�erent maritalhistories will have di�erent accumulated assets a 2 A, where A is the set of possible assetholdings. Given that we consider only situations where factor prices are constant and whereagents have �nite lives, there will be an upper bound on the assets held by any agent. Thismakes the set A a compact set.D The Single Agent's ProblemWe write the problem of the single agent in recursive form by using value functions.We denote by vi;g;z(a) the residual expected utility of a type fi; g; zg agent with assets a. Theproblem of single agent z 2 fsw; sog can be written asvi;g;z(a) = maxc�0;y2A ui;g;z(c) + � i;g Efvi+1;g;z0(a0)jzg s.t. (6)c+ y = (1 + r) a+ w "i;g;z (7)a0 = yi;g if z0 2 fso; swg (8)a0 = yi;g +Az0 ;g� if z0 2 f1; ::; Ig (9)When an agent becomes married, the assets of the couple will equal the sum of the assets ofboth spouses. We denote by Az0;g� the assets that the spouse age z0 and sex g� brings into themarriage, where g� generically denotes the opposite sex to that of the individual agent thatwe are considering. These assets are a random variable, since the set of prospective spouses,even within each age group, have di�erent wealth levels. Therefore, in assessing their futureexpected utility and, hence, in determining how much to save, agents must know the assetdistribution of their potential spouses. 11



E The Married Couple's ProblemThe married couple is a household unit where agents are constrained to enjoy equalamounts of the consumption good. Moreover, we assume that they are subject to a commonproperty regime. This means that no distinction can be made based on the assets broughtto the marriage by each of the spouses, and, hence, the household will not be indexed byprenuptial variables. Since on average females live longer than males, are younger than theirspouse, and earn less than males (particularly if they are likely to become of single withdependents in the near future), females are more likely to wish to save more.The problem of the household is to determine how much to consume and save. How-ever, there is no unique solution to determine how such a decision is reached.13 Our approachis to solve a weighted joint maximization problem, which at least guarantees that the outcomeis e�cient.14 We de�ne the weight assigned to an fi; g; zg agent as �i;g;z. Normalization ofthe sum of the weights to one implies that �i;g;j = 1� �j;g�;i for all i; j 2 I.Should the marriage end in divorce, common assets are divided between the spouses.We de�ne as  i;g;j the fraction of assets that goes to an individual of type fi; g; jg upon sepa-ration the next period. This variable is designed to incorporate the present value of alimonyand child support dependent on �nancial assets. In addition, since divorce is associated withlegal and real estate costs, this function may also determine the degree to which assets aredestroyed in the divorce procedures, allowing for the possibility that  i;g;j +  j;g�;i < 1.With all of the above considerations, we can write the decision problem of a marriedcouple asmaxc�0;y2A ui;g;j(c) + � i;g �i;g;jEfvi+1;g;z0g(a0g)jjg + � j;g� �j;g� ;iEfvj+1;g�;z0g� (a0g�)jig (10)s.t. c� y = (1 + r) a+ w("i;g;j + "j;g�;i) (11)13Browning (1994) models the saving decision in a two-person household, where sel�sh members controltheir own income. In his setup, the intrahousehold resource allocation is determined by di�erences in earningsbetween the married partners. Browning, Bourguiginon, Chiappori, and Lechene (1994) show that earningsdi�erences between married partners have a small but statistically signi�cant e�ect over the couple's con-sumption distribution.14An added di�culty in posing the decision-making problem of the couple is the fact that it is a repeatedsituation, as more often than not, the spouses face the saving decision more than once.12



where: � if there is no divorce:a0g = a0g� = yi;g + j;g� � i;gj;g� (12)� if there is divorce and no remarriagea0g =  i;g;ji;g + j;g� � i;gj;g� y (13)a0g� =  j;g�;ii;g + j;g� � i;gj;g� y (14)� if there is divorce and remarriagea0g =  i;g;ji;g + j;g� � i;gj;g� y + Az0g;g� (15)a0g� =  j;g�;ii;g + j;g� � i;gj;g� y + Azg� ;g: (16)Since married partners share equal consumption, there is no need to be explicit about theutility weights in the current period. Note that the expectation takes into account all possiblechanges in marital status, including divorce and remarriage with another person of the samedemographic characteristics as the former spouse. The denominator in equations (11)� (16)is the term associated to the annuities markets that applies for the case of death of bothpartners. [See R��os-Rull (1996) for details.]F EquilibriumDefinition 1 .A stationary equilibrium is a pair of factor prices fw; rg, a set of decision rules forconsumption ci;g;z(a) and saving yi;g;z(a), a collection of random variables that denote assetholdings formation a0i;g;z(a), and probability measures �i;g;z for all fi; g; zg such that1. Given factor prices, agents' decision rules solve the maximization problem.2. The relation between the saving decision yi;g;z(a) and next-period asset holdings a0i;g;z(a)13



is consistent with the married couple's community property regime, the sharing rule i;g;z, and the distribution of assets across prospective spouses �j;g�;i as described above.3. Individual and aggregate behavior are consistent:�i+1;g;z0(B) = Xz2Z �i;g(z0jz) Za2A �a0i;g;z(a)2B �i;g;z(da) (17)where �a0i;g;z(a)2B denotes the indicator function that takes the value of one if the state-ment is true and zero otherwise.Note that in this de�nition, there is no determination of factor prices, which impliesthat we assume that the model is of a small open economy. To extend the model to a closedeconomy, it su�ces to add one condition to the de�nition that links aggregate factors ofproduction to factor prices by assuming competition and an aggregate production functionin which marginal productivities equal factor prices. We choose the simple route of thesmall open economy because it saves the outermost computational loop, which for the modeleconomies studied, reduces the computational burden to a tolerable level. (See Appendix 1for details.) The contribution of the general equilibrium e�ects of changes in the environmenthas been studied in the literature since Auerbach and Kotliko� (1987), and is a well-knownissue. [See also R��os-Rull (1994) for a comparison between the closed and open economyimplications of an aging population on saving.]4 Calibration of the Baseline Model Economy (the Eighties)We start with calibrating the demographic characteristics of of our baseline modeleconomy, associated with the demographic regime of the eighties. We then calibrate pref-erences, individual labor earnings, household equivalence scales (which determine the rela-tion between consumption expenditures and consumption enjoyment by household size), theeconomic properties of marriage and divorce, and factor prices. The section ends with a de-scription of changes in the calibration necessary to reproduce the demographic and earningsprocess of the sixties. 14



A DemographicsThe length of the period is �ve years. Agents are assumed to be born at age 15 and canlive up to age 85, after which death is certain. This implies that at any point, there are agentsin 14 di�erent age groups, and that each individual is indexed by one of 16 marital statuses:single without dependents so, single with dependents sw and married. Married agents areindexed according to the age of the spouse, who can belong to any of the 14 age cohorts. Ourcharacterization of single without dependents includes nonmarried dependents (nonmarriedcohabiting couples are thought of as married) as well as single heads of households withoutdependents. All single with dependents are heads of households. For expository purposes, thesets of married and single agents are de�ned asM and S, respectively, so we have Z = S�M .We assume that at birth, the numbers of males and females are equal.15 The annualrate of population growth, ��, is assumed constant at 1.2%, which approximately corre-sponds to the average U.S. rate over the past three decades. Age- and sex-speci�c survivalprobabilities are taken from the 1988 United States Vital Statistics Mortality Survey.We use the Panel Study of Income Dynamics (PSID) to obtain the transition proba-bilities across marital statuses. We track agents over a 5-year period, between 1980 and 1985,to evaluate changes in their marital status. Since the model distinguishes married agents notonly by their age, but also by the age of their spouse, we �nd the PSID sample size to betoo small to compute directly the transition probabilities. As a result, we are forced to makecertain assumptions to derive the model's transition probabilities across marital statuses.Furthermore, we also have to adjust the transition probabilities to make them compatibleacross the sexes so that the number of married males of age i with an age j wife, �i;m;j,equals the number of married females of age j with age i husbands, �j;f;i. If these transitionsare estimated from the data, both the existence of measurement error and the fact that thesample population is not stationary in age distribution, imply that the population structurederived from the transitions does not satisfy the above restriction, unless the transitions areadjusted.From the PSID, we obtain the following transition probabilities across marital sta-15Even though males slightly outnumber females at birth, by age 15 the numbers of males and females areclose to identical. 15



tuses according to age and sex: �̂i;g(zjso), �̂i;g(zjsw), f�̂i;g(sojj)gj2M, f�̂i;g(swjj)gj2M , and�̂i;g(M jM), for i 2 I, g 2 fm; fg, and z 2 Z. In order to obtain a �ner partition of thetransition functions, we compute from the PSID data the percentage of agents who, whileremaining married between 1980 and 1985, change spouses. We condition these probabilitiesaccording to age and sex, and we denote them qi;g. In Appendix 2, we describe the set ofassumptions and operations used to obtain the much �ner partition of the transitions thatare needed in the model economies.Tables A1. and A2. in Appendix 3 show the transition probabilities for the baselineeconomy. A closer look at them, allows us to highlight several important facts: female marrybefore males, females outlive males, upon divorce most females retain child custody, andmost single parents are females. We use these transition probabilities to generate the baselineeconomy's stationary population distribution. We �nd that the distribution of individual'saccording to their marital type resembles that found in the United States in 1988. (SeeFigures 1, 2 and 3.) There are some di�erences between the structure of the populationgenerated by the model and that in the data. The di�erences between them are due tothe fact that, while in the model the population is stationary, in the data the demographicimplications of changes in the patterns of household formation and dissolution (includingreduced fertility and mortality rates) have yet to take their full e�ect.B PreferencesWe assume that utility exhibits constant relative risk aversion:U(c) = c1��1� � (18)where � is the coe�cient of relative risk aversion. This is the parameter for which its ishardest to assign a value. We have chosen a value of 1:5, since it's the most commonly usedin economies without leisure. [See the discussion in R��os-Rull (1996).]16 Since we are usingthe small open economy approach, the value for the discount factor, �, cannot be determined16Precautionary saving in response to risk is associated with convexity of the marginal utility function ora positive third derivative. Our preferences guarantee a positive precautionary saving motive. See Kimball(1990) for more on this issue. 16



as a function of the rate of return. We instead assume an annual value of 0.98. Among thosethat have tried to explicitly measure it, Hurd (1989) obtains an upper bound of 1.011, whileother estimates usually deliver a lower value. [Again, see the discussion in R��os-Rull (1996).]C Individual Labor EarningsAge,- sex,- and marital-status-speci�c labor earnings, ", are compiled from the CurrentPopulation Survey (CPS) March demographic �les for 1988. Figure 4 shows that for all agesand marital statuses, males outearn females. Labor earnings di�erences are greatest betweenmarried males and females, while earnings of single head of household males are only slightlygreater than those of single head of household females. In addition, for most age groups,married males outearn single males, while single females without dependents outearn femaleswho are single parents or married.D Household Equivalence ScalesTo determine how expenditures in consumption translate into consumption enjoyedby each household member, we use the household equivalence scales of the Organization forEconomic Cooperation and Development, where the �rst adult counts as 1, the second as 0.7,and each child as 0.5. [See Ringen (1991).] In this fashion, a married couple with two childrenhas to spend 2.7$ in order for each member of the household to enjoy 1$ of consumption.Obviously, for singles without dependents, the household size is one, and the requiredexpenditures per household dollar of consumption are also one. For singles with dependents,we assume that the household equivalent size is 1.75 (which corresponds to 1 adult with1.5 children or to 1 adult with slightly above 1 dependent adult). For married couples, weassume a concave shape that peaks at the 35-40 age group of the female spouse. Speci�cally,we assume that wives ages 15-19 have one dependent, that by ages 35-39 they must carefor two dependents, and that by ages 55 all their children are supposed to be out of thehousehold. The above is summarized in Table A3. in Appendix 3.E Marriage and DivorceWhen marriage ends in divorce, common assets are divided. Since divorce proceduresinvolve important legal and real estate costs, we assume that 40% of the married couple's17



net worth is destroyed in the separation process. In addition, to account for the fact that,in general it is the female who retains custody of the children upon divorce, we assumethat females' share of the assets is much larger than that of the males. The reason forthis is that summarizing the present value of child support payments reduces the enormouscomputational burden associated with keeping track of the marital histories of each individualagent. Speci�cally, we have chosen  i;m;j = 0:2 and  f = 0:4 for all i; j 2 I. Because thisis a central issue in our paper, we also explore the implications of a model economy whereseparation costs are zero. (See Section 7.)Finally, we assume that when solving the maximization problem, the future of eachspouse is given equal consideration; that is, �m = 12 = �f . Here again, we study the implica-tions of assuming di�erent weights for each spouse. (See Section 7.)F Factor PricesWe assume an open economy, where the internationally given net return to capitalis 4% per annum. In this context, the wage, or price of one unit of e�cient labor, can benormalized to unity.G The Model Economy With Low Marital Risk (the Sixties)Recall that in this paper, we abstract from studying the implications of changes in theage structure of the population. Therefore, from our point of view, the demographic processesof the sixties and the eighties di�er only in the incidence of divorce and illegitimacy. Morespeci�cally:1. The incidence of divorce was 2.3 times higher in the eighties than in the sixties. [Da-Vanzo and Rahman (1993) document that the incidence of divorce increased from 9 in1000 married females to 21 in 1000 married females between 1960 and 1988.]2. The incidence of illegitimacy was four times higher in the eighties than in the sixties.[Nonmarital births as a percentage of all births increased from 5% in 1960 to 25% in1990. See DaVanzo and Rahman (1993) for a more in-depth discussion.]Next, we describe how to transform the demographic process of the baseline economy, repre-sented by the �'s, to obtain the demographic regime of the sixties. We denote the transition18



probabilities for the sixties model economy as �low.1. We compute the probability of divorce of a type fi; g; jg agent, di;g(j), for the baselineeconomy. We assume that divorce is positive as long as the probability of maritaldissolution is greater than the likelihood of spousal death. In other words,di;g(j) = xi;g(j)� (1� j;g�): (19)Since the probability of divorce is 2.3 times less likely for all agents regardless of theirage and sex, we de�ne the probability of marital dissolution for the sixties demographicregime as xlowi;g (j) = (1� j;g�) + di;g(j)2:3 : (20)We then compute transition probabilities, �lowi;g (zjj), with the same procedure describedin equation (A7), substituting xlowi;g (j) for xi;g(j).2. Next, we assume that the transition from single without dependents to single withdependents is four times less likely than in the baseline case:�lowi;g (sojso) = �i;g(swjso)4 : (21)The likelihood of becoming married increases, while the likelihood of remaining singlewithout a dependent remains unaltered:�lowi;g (sojso) = �i;g(sojso) (22)�lowi;g (M jso) = 1� �lowi;g (sojso) + �lowi;g (swjso)In addition, we assume that the ratios between �lowi;g (jjso) and �lowi;g (M jso) equal thosefound in the baseline economy for all i; j 2 f1; � � � ; Ig.3. Finally, we implement step 3 of the procedure speci�ed for the baseline economy tomake the transitions of males and females consistent with each other.19



With the transition probabilities of the sixties so obtained, we �nd that the distribution ofagents according to marital status in the low marital risk economy to resemble that found inthe United States in 1966. (Compare Figures 1, 5, and 6.)17We also want to explore the role of changes in the relative earnings of agents in eachdemographic group. These changes have been non-trivial; for instance, female earnings havegrown relative to their male counterparts. Age, sex and marital status dependent laborearnings are computed using the CPS March demographic �le for 1966. Labor earnings arenormalized using the same procedure described in the baseline economy. (See Figure 7.) We�nd that between 1966 and 1988, labor earnings, in e�ciency units, have increased 54% formarried females, 12% for females without dependents, and 34% for females with dependents.The increase in the relative earnings of females can, to a large extent, be explained by thedramatic rise in the participation of females in the labor market. Between 1966 and 1988, thelabor force participation rate of married females increased from 38.8% to 62.1%, while thatof single females have increased from 56.9% to 69.1% over the same period. Conversely, malelabor market participation rates observed little change. The participation rates of marriedmales fell from 95.6% to 89.26%, while the rates of single males increased from 70.0% to76.4% between 1966 and 1988.185 Properties of the Baseline Model EconomyIn this section, we describe the main properties of the baseline model economy andcompare them with those found in the U.S. data between 1984 and 1990.The aggregate saving rate in the data is 4.16%, while in our baseline model it ishigher: 6.18%. This should be of no surprise, since the model was not calibrated to matchthis statistic. To obtain the data's aggregate saving rate, our model would need either a lowerdiscount rate or a lower rate of return. Consequently, our model is not designed to account foraggregate saving, but rather for how saving depends on the demographic structure. Given thecomputational burden, we chose not to target the aggregate saving rate and to concentrate17Since we abstract from changes in the age structure of the population, the demographic regime of thesixties economy has an older population age structure than that found in the United States in the sixties.18The fall in male labor force participation can be attributed to early retirement, perhaps induced by moregenerous pension bene�ts. 20



on how it responds to di�erent demographic scenarios.Table 2 documents the composition of the population, the relative incomes and thesaving rate for married households, singles without dependents and singles with dependents,in both the data and in the baseline model economy. In what follows we compare certainfeatures of the model with the data.Table 2: Properties of the Baseline Model Economy and the U.S. DataBaseline Model EconomyOverall Married SingleNo Dependents DependentsHousehold Distribution in Percentages 100 29.0 52.9 18.1Income Relative To Single w/o 1.77 3.54 1.00 1.18Saving Rates Relative to Average 1.00 2.48 -1.36 -0.29U.S. Data: 1984-1990Overall Married SingleNo Dependents DependentsHousehold Distribution in Percentages 100 59.7 28.3 12.0Income Relative To Single w/o 1.75 2.25 1.00 1.15Saving Rates Relative to Average 1.00 1.88 -1.38 -2.55We start by observing large di�erences in the distribution of households across types,between the model and the data. These di�erences are due to the following:� The way we categorize dependents di�ers from the way they are categorized in the data.C�ordoba (1996) partitions the population into three groups: people living alone, singleparents, and households with multiple members. Our model partitions households sim-ilarly, yet in contrast to C�ordoba (1996), we regard dependents as heads of household.19Consequently, our model overstates the share of single households in the economy. Thereason for our modeling choice of not treating agents as dependent adults is that thereis no good evidence of what happens upon separation, that is, how assets are split.We leave for future research the consideration of the more complex family structureswhere multiple adults coexist in the same household. Note, however, that when wetreat dependents in the data as we do in our model, we �nd that in the data, 38.6% of19A single dependent in the data is considered a single head of household in our model, while a marrieddependent in the data is considered a spouse or head of a married household.21



households are married, 54.9% are single without dependents, and the remaining 6.5%are single households with dependents. These results show a much closer �t betweenthe demographic structures of the data and model.� Di�erences in the composition of households also result from the fact that while pop-ulation in the model is stationary, in the data it is far from being so. It takes timefor the increase in divorce and illegitimacy rates to generate large numbers of singlehouseholds. If the current divorce and illegitimacy rates remain in place for a while,the fraction of single households will increase in the data.� The stationary characteristic of the model's population structure also implies that thepopulation in the model is older than in the data. The reason lies in that the aging ofthe population implied by the current fertility and mortality patterns has not yet beencompleted in the United States.Note also that the fact that a higher percentage of married households is found in our modelthan in the data is a feature that is common to the calibration of the demographics scenarioof both the eighties and the sixties. Since we are interested in the relative di�erences betweenthese two demographic scenarios, we think that this issue is of minor importance.With respect to the relative incomes across household types, we see that the modelexaggerates the relative incomes of the married households, while being consistent with thatof the single households. The reasons are as follows:� Relative earnings di�erences between the model and the data, the product of the alreadydescribed demographic di�erences, can, to a large extent, explain the relative incomedi�erences between households. Since there exists a high percentage of low-earningyoung single households in our model than in the data, a consequence of di�erencesin which single dependents are categorized, the relative earnings of married householdswill be exaggerated. Using CPS 1988 data, we �nd that earnings of married householdsare 2.6 times greater than the earnings of single households, while in the baseline model,this ratio is 5. However, if we were to classify dependents in the data as we have donein the model, then the earnings of married households would be 4.3 times greater thanthose of single households, rather than the ratio of 2.6 that we found.22



� Relative income di�erences also reect di�erences in capital earnings, the product ofdi�erences in the the accumulation of wealth of households. This issue is discussedbelow.Regarding the relative saving rates of households, the key property, that married householdssave more than single households, shows up more dramatically in our model than in the data.These di�erences can be attributed to the following:� Single households with dependents dissave more in the data than in the model. Thesehouseholds may tend to under report the earnings of dependents. Since consumptionis consolidated, this would yield a very large dissaving rate in the data.� Married households save slightly more in the model than in the data. The lack of socialsecurity in the model may explain why the saving rate of married households is greaterin the model than in data. In the data, part of the saving for retirement are madethrough the social security system, which does not get recorded as either saving ordisposable income.� Single households without dependents dissave roughly the same amount in the modelas in the data. While there exists a higher percentage of dissaving older households inthe model than in the data, there also exists a higher percentage of low-saving youngsingle households. The e�ects counteract, producing, on average, a saving rate for singlehouseholds that is similar in the model and in the data.20We �nd there exist important di�erences in the characteristics of household types inthe data and in the baseline model. These di�erences are mostly due to the fact that toproperly account for the data, much more complex household and �scal structure have to beused. We think, however, that the di�erences do not pertain to the central issue at stake,the role of changes in divorce and illegitimacy rates in shaping the aggregate saving rate.Next, we study the extent to which the model �ts the data's age pro�le for wealth,income, and consumption features. We compare our �ndings to those documented in a recent20Dissaving at old age in the model will be greater than in the data simply because, as mentioned before,we have abstracted from social security. 23



study by Quadrini and R��os-Rull (1997), who employ the 1989 and 1992 Survey of ConsumerFinances of 1992 to study the U.S. wealth, income, and earnings distributions. The averagewealth-age pro�les for the di�erent types of household for the baseline model economy areshown in Figure 8, where the age of a married couple is given by the age of the female spouse.Following a similar pattern as that observed in the data, we �nd that average householdwealth increases with age, up until age 60-64, decreasing thereafter. (Figure 9 shows thesame graph for the data.)The average saving rates of households increase with age up until age 40-44 and fallmonotonically thereafter. (Households begin to dissave their wealth at age 60-64.) We �ndthat the old-age dissaving rate is much higher for single households than for married couples.The explanation may lie in that since females outlive males, females' greater desire to savewill translate into lower old-age dissaving by married couples. The above explanation mightshed some light on the important question of why households do not de-accumulate wealthas quickly as standard life models might predict.Beacuse of di�erences in marital status histories, agents of the same age and sexmay have di�erent wealth holdings. This feature allows us to explore the within-age-cohortheterogeneity in wealth, income, and consumption levels. In what follows, we assess theextent to which our model can explain some stylized facts about the U.S. wealth, income andconsumption inequality.Our model is capable of generating a lot of wealth inequality. The household wealthGini coe�cient is 0.65, while the top 20% and 5% of households own 63% and 23% of wealth,respectively. This compares to 0.78 for the Gini index and to shares of 79% and 53% of wealthfor the top quintile and top 5% in the data.21 Note that in our model, only demographic vari-ables account for wealth di�erences: there are no shocks to earnings besides those associatedwith marital status. The explicit modeling of household arrangements thus might go a longway toward accounting for the wealth inequality in the United States. [See Quadrini andR��os-Rull (1997) for an analysis of the excessive wealth concentration in the United States.]The within-age-cohort household wealth inequality falls monotonically with age. In thedata, we observe that wealth inequality falls with age until age 40-45, yet increases thereafter.21The source is the 1992 Survey of Consumer Finances: see D��az-Gimenez, Quadrini, and R��os-Rull (1997).24



The per adult wealth Gini coe�cient is slightly lower at 0.63, while the corresponding wealthinequality falls with age until age 65-69 and increases thereafter. The overall householdincome Gini coe�cient is 0.35, compared with 0.57 in the data. Household income inequalityincreases with age until age 15-29 and falls thereafter. In the data income inequality follows asimilar trend, yet increases once households approach retirement. As expected, the per adultincome Gini coe�cient is lower at 0.24. In contrast with the per household measure age, peradult income inequality falls with age until age 40-44 and increases monotonically thereafter.Finally, we examine the validity of the open economy assumption. If we assume aCobb-Douglas production technology with a capital income share of 0.36 and a depreciationrate of 7% per annum, the wealth-to-labor ratio in the model economy would be larger thanthe capital-to-labor ratio required to guarantee a net return to capital of 4% per annum. Theabove implies that under these assumptions our economy is a net exporter of capital. Morespeci�cally, 14% of the total wealth of households would be held in accounts abroad.At this point, we can proceed to compute the hypothetical saving rate of an economywith the saving behavior and relative income of the baseline model economy, but with thepopulation structure based on the divorce and illegitimacy patterns of the sixties. When wedo this exercise, we obtain a saving rate of 11.67%, which implies an 83% increase over theactual saving rate of the model economy. (The same exercise in the data yields a saving ratewhich is 55% higher than the actual eighties value.) The result indicates that the structureof the population of the sixties is more prone to save than that of the eighties. Since single-parent households generally observe lower labor earnings per head and greater consumptionexpenditure per household member, their saving per head are less than those of marriedhouseholds. Therefore, an increase in the share of single-parent households, all else equal,translates into a reduction in the overall saving rate.However, in order to assess the complete e�ect of changes in the incidence of divorceand illegitimacy, we have to study the equilibrium of an economy where agents face lowermarital risk and act accordingly. We turn to such an economy in the next section.25



6 Features of the Low Marital Risk EconomyWe construct a model economy that di�ers from the baseline model in that the likeli-hoods of divorce and illegitimacy resemble the patterns found in the United States during thesixties. This low marital risk economy will not only have a much higher share of high-savingmarried households, but household saving behavior will reect the reduced incidence of mari-tal risk. Table 3 allows us to compare certain features of the low marital risk model with thosein the baseline model.22 Not only does the low marital risk model have a higher percentageof married households, but each household type also has, on average, lower relative incomesand lower saving rates than the baseline model. The resulting overall equilibrium saving ratefor the low marital risk economy is 6.52%, a mere 2% higher than the saving rate found inthe baseline model. Table 3: Properties of the Low Marital Risk ModelOverall Married SingleNo Dependents DependentsHousehold Distribution 100% 44.3% 46.7% 9.0%Relative Incomes 1.00 1.684 0.435 0.561Saving Rates 6.52% 15.57% -19.98% -20.84%Now that we have computed the equilibrium of the low marital risk economy, we are ina position to carry out the same analysis we performed on the data. (See section 2.) Table 4documents the calculations of actual and hypothetical saving rates derived from the baselineand low marital risk models. (For the sake of comparison, we also reproduce the values fromTable 1 that refer to the U.S. data.) Saving rates are normalized so that the equilibriumsaving rate of the baseline eighties model is unity.1. If we assume the population structure and saving behavior of the eighties model econ-omy, yet the relative income distribution of the low marital risk model, like in the data,we �nd a lower-than-actual saving rate. The explanation lies in that the relative incomeof all groups increased between the sixties and the eighties (despite the fact that theearnings distribution was assumed constant at the eighties baseline level).22Table A4. in Appendix 3 shows in some detail all the possible combinations of population structure,relative incomes, and saving behavior in the baseline economy and the economies with alternative calibrations.26



Table 4: Model Economy. Actual and Hypothetical Saving Rates. (Demographic ChangeOnly) Expression Saving RateActual Saving Rate of the Eighties Pj2J �80j �yjY �80 ŝ80j 1.00Population Structure of the Sixties Pj2J �60j �yjY �80 ŝ80j 1.83Relative Incomes of the Sixties Pj2J �80j �yjY �60 ŝ80j 0.87Population Structure and Incomes of the Sixties Pj2J �60j �yjY �60 ŝ80j 1.56Actual Saving Rate of the Sixties Pj2J �60j �yjY �60 ŝ60j 1.022. An economy with the saving behavior of the eighties baseline model, but the populationstructure and relative incomes of the sixties shows about 56% higher saving than actual(compared to 36% in the data). Like in the data, the result indicates that the e�ectof population structure on aggregate saving is far more important than that of relativeincomes.3. Finally, the saving rate in the low marital risk economy is only 2% higher than thatof the baseline model economy. The result indicates not only that households are lessprone to save when the likelihoods of divorce and illegitimacy are reduced, but alsothat the magnitude of the e�ect is large enough to o�set increases in saving due to theincreased presence of high-saving married households.To summarize, we �nd that changes in the structure of households that have resultedfrom the increase in the risk of divorce and illegitimacy, cannot account for the dramaticreduction in the U.S. saving rate between the sixties and the eighties, as the data suggest. Incontrast to the data, our model predicts that changes in saving behavior, induced by increasesin marital risk, should have worked to o�set most of the increase in saving that has resultedfrom the increase in the percentage of high-saving households.2323The model and the data concord on the e�ects of changes in population structure and relative incomeson saving. 27



A The Equilibrium E�ect of Changes in Relative EarningsAs documented in Section 6, the relative earnings of households have undergone pro-found changes since the sixties. In this section, we study the role that changes in the relativeearnings of households have played in shaping aggregate saving. For that, we construct amodel that di�ers from the baseline in that both its marital risk and relative earnings distri-bution match the patterns found in the United States during the sixties. Under this scenario,we �nd that the baseline equilibrium saving rate is 10% percent lower than in the sixties modeleconomy. The result implies that if changes in marital risk are accompanied by changes inthe distribution of earnings, the model falls short of predicting any decline in saving.Table 5: Model Economy: Actual and Hypothetical Saving Rates. (Demographic and Earn-ings Change) Expression Saving RateActual Saving Rate of the Eighties Pj2J �80j �yjY �80 ŝ80j 1.00Population Structure of the Sixties Pj2J �60j �yjY �80 ŝ80j 1.83Relative Incomes of the Sixties Pj2J �80j �yjY �60 ŝ80j 0.90Population Structure and Incomes of the Sixties Pj2J �60j �yjY �60 ŝ80j 1.60Actual Saving Rate of the Sixties Pj2J �60j �yjY �60 ŝ60j 0.90We now ask ourselves, why is the equilibrium saving rate in this model economy lessthan that found in the low marital risk model? The equilibrium e�ects of changes in relativeearnings are twofold. One the one hand, saving in this model might be higher than in the lowmarital risk model, since the relative earnings of females are lower, the costs associated withmarital dissolution are greater. On the other hand, the need to save for retirement mightbe less in this model (relative to the low marital risk model), since the importance of laborearnings of older age groups has fallen since the sixties.24 From our results, we infer the lattere�ect to dominate the former.24The fall in old-age labor earnings can be attributed to a more generous social pension program.28



B The Speci�c Properties of Divorce and IllegitimacyIn previous sections, we study the equilibrium e�ect of demographic change that re-sults from a combination of reduced divorce and illegitimacy. However, we are also interestedin understanding the extent to which changes in divorce and illegitimacy, in isolation, workto a�ect aggregate saving. For that, we construct two model economies: one with the divorcepatterns of the sixties and the other with the illegitimacy patterns of the sixties. Our resultsshow that divorce and illegitimacy behave similarly, although the e�ects of changes in popu-lation structure due to changes in illegitimacy are slightly greater in magnitude. In addition,as Table 6 shows, the equilibrium saving rates of lower divorce on the one hand and lowerillegitimacy, on the other are each about 1% higher than the baseline saving rate. (Recallthat the combined e�ect of lower divorce and illegitimacy gave us an equilibrium saving ratewhich was 2% greater than the baseline.) The evidence indicates that neither of these factors(in isolation) can contribute much to the fall in the U.S. saving rate.Table 6: Model Economy: Actual and Hypothetical Saving Rates. (Isolating the E�ect ofChanges in Divorce and Illegitimacy) Expression Saving RateDivorce Illegit.Actual Saving Rate of the Eighties Pj2J �80j �yjY �80 ŝ80j 1.00 1.00Population Structure of the Sixties Pj2J �60j �yjY �80 ŝ80j 1.31 1.43Relative Incomes of the Sixties Pj2J �80j �yjY �60 ŝ80j 0.94 0.93Population Structure and Incomes of the Sixties Pj2J �60j �yjY �60 ŝ80j 1.23 1.32Actual Saving Rate of the Sixties Pj2J �60j �yjY �60 ŝ60j 1.01 1.017 Sensitivity AnalysisTo explore the robustness of our �ndings, we look at a variety of other versions of themodel economies that di�er on the most delicate features of our calibration: the size of thepecuniary costs associated with divorce and the relative weight assigned to each member ofthe couple. 29



A Divorce Under Costless ResourcesIn this section, we are interested in understanding the extent to which the behavioralresponse associated with increases in the rate of marital dissolution is a�ected by changes inthe cost of divorce. In our previous simulations, we assumed that when marriage ends throughdivorce, 40% of common assets are destroyed in the split. Now we assume that commonassets are not destroyed and are split as follows:  m = 0:4 and  f = 0:6. The absence oftransaction costs not only increase the expected return to saving for married couples, butalso make divorce less costly. The e�ect on household saving behavior is conicting. Whilehigher expected returns encourage married couples to save more because divorce is less costly,precautionary saving motives are less relevant.Our results are similar to those described in the asset destruction case. We �nd thatthe equilibrium saving rate in the no-asset-destruction baseline model is 6.96%, comparedwith 6.38% in the standard asset destruction baseline model. In addition, changes in theincidence of divorce and illegitimacy have virtually no e�ect on aggregate saving. As Table 7indicates, the saving rate in the low marital risk model is only 0.7% higher than that foundin the no asset destruction baseline model. (Recall that in the presence of asset destructionthe low marital risk saving rate is 2% higher than the baseline.) Savings are normalized sothat the saving rate of the eighties model economy (in the absence of asset destruction) isunity.Table 7: Model Economy: Actual and Hypothetical Saving Rates. (The Case of CostlessDivorce Under Demographic Change Only) Expression Saving RateActual Saving Rate of the Eighties Pj2J �80j �yjY �80 ŝ80j 1.00Population Structure of the Sixties Pj2J �60j �yjY �80 ŝ80j 1.94Relative Incomes of the Sixties Pj2J �80j �yjY �60 ŝ80j 0.88Population Structure and Incomes of the Sixties Pj2J �60j �yjY �60 ŝ80j 1.67Actual Saving Rate of the Sixties Pj2J �60j �yjY �60 ŝ60j 1.01Like in the asset destruction model, we �nd that while changes in the structure of30



households, the product of higher divorce and illegitimacy, work to reduce the rate of saving,changes in the saving behavior and the relative income of households o�set most of thedecrease.B Changes in the Relative Weights of Married CouplesIn this section, we study the robustness of our model to changes in the weights weassign to the female and male spouses. In our previous simulations, we assumed that theinterests of the female spouse and the male spouse were given equal consideration. Here weconstruct a model economy where the female spouse has a higher say in the consumption andsaving decisions of the married couple. We assume that for all ages i of the female spouse andages j of the male spouse, �i;f;j = 0:6, while �j;m;i = 0:4. Since females outlive males, marrymales who are older, and face greater �nancial loss from marital dissolution, females' desireto save is greater. When the interest of the female spouse is given higher consideration, wewould expect not only saving to be higher in the standard baseline model, but also a greaterbehavioral reaction to changes in marital risk.As predicted, we �nd that the saving rate in this model calibrated to the eightiesis 6.43%, slightly higher than the saving rate in the standard baseline model (6.38%). Thee�ects of changes in divorce and illegitimacy on saving are slightly higher than those describedin our previous simulations, where the interest of each spouse in the decision making of themarried couple is given equal consideration. (See Table 8.) When females have a higher sayin the decision making of the couple, we �nd that the saving rate in the sixties to be 3%higher than in the eighties. Therefore, while giving females a higher weight in the decisionmaking process of the couple, improve our results in the direction of the data, the proposeddemographic changes persistently fall short of accounting for much of the decline in the U.S.saving rate.8 TransitionIn the previous sections, we compared steady-state saving rates across di�erent demo-graphic scenarios and found that the recent demographic change, the product of increases inmarital risk, has not played a signi�cant role in determining the fall in the U.S. saving rate.We now study whether some reduction in saving can be associated to the fact that people31



Table 8: Model Economy: Actual and Hypothetical Saving Rates. (The Case of HigherFemale Spouse Decision Weights) Expression Saving RateActual Saving Rate of the Eighties Pj2J �80j �yjY �80 ŝ80j 1.00Population Structure of the Sixties Pj2J �60j �yjY �80 ŝ80j 1.85Relative Incomes of the Sixties Pj2J �80j �yjY �60 ŝ80j 0.87Population Structure and Incomes of the Sixties Pj2J �60j �yjY �60 ŝ80j 1.58Actual Saving Rate of the Sixties Pj2J �60j �yjY �60 ŝ60j 1.03have been preempting these social changes. It could very well be that households during thesixties behaved according to the rules of divorce and illegitimacy of the eighties, in whichcase, their saving rate would be much higher than what the low marital risk model predicts.We construct two transitions that di�er in how we treat changes in relative earnings.In the �rst transition, we assume that the initial saving rate is given by the equilibrium of thelow marital risk economy, where relative earnings are constant at the eighties level. The �nalsaving rate corresponds to that of the baseline model. We then suppose that even before anydemographic change takes place, agents modify their behavior, preempting an increase in thelikelihood of divorce and illegitimacy. We then calculate the saving rate over the demographictransition, where agents behave according to the baseline model.The second transition di�ers from the �rst in that the relative earnings distribution isassumed constant at the sixties level throughout the transition. The initial equilibrium savingrate corresponds to that of the model economy, which combines the marital risk and earningspatterns of the sixties. The �nal saving rate is the equilibrium result in an economy withthe marital risk patterns of the eighties, yet the earnings distribution of the sixties. Like inthe other transition, we then assume that before any demographic change takes place, agentsmodify their behavior, forecasting an increase in marital risk. saving are then calculated overthe demographic transition, where agents behave according to the marital risk regime of theeighties, yet the relative earnings of the sixties.Table 9 describes the evolution of saving rates along the transition. We assume the32



initial steady state is dated at 1950 and that the demographic structures found in 1950 and1960 are equal. The sharp di�erence in saving rates between these two dates is due solelyto di�erences in saving behavior, which result from the fact that agents are forecasting anincrease in marital risk and are responding to such a forecast. In both transition scenarios,saving rates increase between 1950 and 1960, and fall monotonically over time to levels belowthe initial steady state. Table 9: Saving Rates Along the TransitionYear Scenario I Scenario II1950 6.52% 5.72%1960 11.67% 10.99%1965 9.03% 9.03%1970 8.61% 7.87%1975 7.85% 7.11%1980 7.34% 6.60%1985 6.99% 6.26%1990 6.76% 6.03%1995 6.60% 5.87%2000 6.50% 5.77%9999 6.38% 5.66%Next, we ask ourselves whether the results of our transition resemble the evolution ofthe U.S. saving rate dating back to the �fties. For this purpose we use data complied byGokhale, Kotliko�, and Sabelhaus (1996), who track the U.S. household saving rate between1950 and 1993.25 Table A5. in Appendix 3 shows U.S. saving rates by decade. Saving ratesremained broadly stable between the �fties and sixties (increasing only slightly) and decreasedmonotonically thereafter. In contrast, our transition results predict a sharp increase in savingbetween the �fties and sixties, followed by a similar monotonic drop. The evidence rejects thehypothesis that household saving would increase between the �fties and sixties, preemptinga rise in the likelihood of divorce and illegitimacy.25In contrast to C�ordoba (1996), who employs CEX to calculate household saving rates, Gokhale, Kotliko�,and Sabelhaus (1996) use the National Income and Product Accounts.33



9 ConclusionIn this paper, we question whether there is any relationship between recent changesin the structure of households, the product of the sharp increase in likelihood of divorce andillegitimacy, and the decline in the rate of saving, observed in the United States betweenthe sixties and eighties. To this purpose, we construct a general equilibrium, overlappinggenerations model that distinguishes between the sexes, and in which agents are subject toexogenous uninsurable changes in their household type. Our �ndings indicate that the recentincrease in marital risk can account for only a modest decline in saving. The explanation liesin that while we have observed a decline in the number of high-saving married households,the e�ect is o�set by an increase in household saving resulting from increases in marital risk.The framework and methodology developed in this paper should also allow us to ad-dress a broad range of policy issues. Johnson and Skinner (1986) �nd that the rise in the U.S.divorce rate between 1960 and 1980 can explain close to 20% of the observed increase in fe-male labor force participation. Their results indicate that while actual separation marginallyreduced market e�ort for males, it led to a substantial rise in women's working hours. In ad-dition, and perhaps more interestingly, they �nd that females respond to a higher probabilityof divorce by working to gain more job experience. Their �ndings suggest that expandingpreferences to include time allocation decisions would enrich the set of issues that could bestudied in relation to marital risk.There exists a broad range of income taxes and government welfare programs thatare marital status-dependent and therefore a�ect intrahousehold saving and time allocationdecisions. Take the case of social security, where today over one-quarter of all bene�t pay-ments are made to surviving spouses and dependents. Our two-sex framework provides uswith an empirically consistent way of studying how public provision of retirement and lifeinsurance might a�ect private saving, life insurance ownership, and welfare across householdmembers.26Finally, our framework can be used to address issues in more traditional �elds of26Cubeddu (1995) �nds that the U.S. social security system e�ectively transfers resources from males tofemales. However, he models the life-cycle behavior of single men and women and treats social security purelyas a retirement insurance program. He regards this as a serious limitation and suggests incorporating survivorand spouse insurance in a modeling context where men and women make joint economic decisions.34



macroeconomics, such as business cycles. The data show huge di�erences in the time alloca-tion patterns betweenmarket and home production activities of agents who di�er according tosex and marital status. In addition, we �nd that women and young workers su�er larger em-ployment volatilities than other demographic groups. Standard business cycle models assumeworkers are identical and, therefore, are incapable of predicting why di�erent demographicgroups observe di�erent cyclical variations in their employment. These extensions, can helpus not only understand these empirical regularities, but also asses the impact of aggregateuctuations on the welfare of di�erent demographic groups.
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Appendix 1. Computation of the EquilibriumOur model presents us with a series of technical di�culties that render standard algo-rithm solutions insu�cient. Perhaps the most important problem is that the agent's problemcannot be solved backwards as in standard overlapping generations models. The standardprocedure is to go to the last period of an agent's life, where the future is no longer rele-vant, and solve for the behavior of the agent. In turn, this behavior describes the nature ofthe future for agents of the previous age. The recursive nature of the problem allows us todetermine the behavior of all agents. Consider now our two-sex environment. If agents aresingle in the last period of life, we can solve for their behavior. However, the problem of themarried couple is more involved, since the future includes di�erent possible evaluations bythe two spouses. Suppose one spouse is in his or her last period of life, while the other is not.To determine the behavior of this married couple, we must know the behavior of the youngerspouse. Since the younger spouse can potentially remarry, the behavior of all other agents inthe economy has to be simultaneously determined in order to solve for his or her behavior.The question now is how to translate the described di�culties into a solution algorithm.In order to solve for the behavior of the agent, we must simultaneously solve for the behaviorof all agents. We must provide guesses not only for the decision rule of agents but also forthe distribution of assets in the economy, since agents must take this into account when facedwith the potential of marriage. The algorithm for computing an equilibria for this economyis as follows:1. Provide initial values for relative factor prices.2. Provide an initial guess for the economy's wealth distribution f�oi;g;zg and decision rulesfyoi;g;zg.3. Given factor prices and the economy's wealth distribution and decision rules, we solvethe dynamic programming problem for all agents and obtain new decision rulesfy0i;g;zg.4. If the new decision rules approximately equal our decision rules guess, we continue.Otherwise, we update our guess for the decision rules and return to step 3.5. After decision rules converge, the associated new wealth distribution is determined:f�0i;g;zg. If the new wealth distribution approximately equals our wealth distributionguess we are done. Otherwise, we adjust our guess, for the wealth distribution andreturn to step 3.We approximate the true decision rules with piecewise linear functions. To solve thedynamic programming problem, we assign a uniform grid on the space of asset holdings. Toreduce computation time, the grid on assets used to compute decision rules is much coarserthan that used to compute the economy's wealth distribution. In addition, we de�ne assets inper adult values, rather than in per household values. The number of grid points for decisionrules is 41, while the number of grid points on the economy's wealth distribution is 101. Since38



we assume that agents are liquidity-constrained we restrict the lower bound on the assets'values to be zero. We also make sure that the upper bound on assets is non-binding.A 1. 1. Demographics Change versus Behavioral ChangeWe are interested not only in comparing steady state equilibrium outcomes, but alsoin determining the extent to which our equilibrium results are the product of changes inthe composition of households or changes in their saving behavior induced by changes inmarital risk. In this subsection, we describe the implications for capital accumulation ofisolating demographic change from behavioral change, as we move from a low marital riskeconomy to one where marital risk is greater. Variables associated with the low divorce andillegitimacy risk economy are labeled with superscript low, while high marital risk variableshave superscript high. In what follows, we outline the steps involved.1. Compute the steady state decision rules and the associated wealth distribution forthe low marital risk economy following procedure outlined in the previous section:fylowi;g;z(�low; �low)g and f�lowi;g;z(ylow; �low; �low)g, respectively.2. Compute the stationary demographic structure associated with the high marital riskregime: �highi;g;z (�high).3. Determine the capital stock implied by the demographic structure of the high maritalrisk economy. However, isolate these demographic changes from changes in decisionrules implied by the increase in marital risk:K = Xi;z �highi;f;z Za2A a �lowi;f;z(da) +Xi Xz2so;sw �highi;m;z Za2A a �lowi;m;z(da) (A1)Above, we describe the steps involved in determining the implications for economyaggregates of changes in the demographic structure of an economy when they are isolatedfrom corresponding changes in the behavior of households. Likewise, we can determine theaggregate implications of changes in the behavior of households as we move from a low to ahigh marital risk regime, while abstracting from the implied population structure changes.The algorithm is outlined below.1. Compute the steady state decision rules and the associated wealth distribution for thehigh marital risk economy, following the procedure outlined in the previous section:fyhighi;g;z (�high; �high)g and f�highi;g;z (yhigh; �high; �high)g, respectively.2. Compute the stationary demographic structure associated with the low marital riskregime: �lowi;g;z(�low).3. Determine the capital stock implied by the decision rules of the high marital risk econ-omy. However, isolate these behavioral changes from demographic changes implied bythe increase in marital risk:K = Xi;z �lowi;f;z Za2A a �highi;f;z (da) +Xi Xz2so;sw �lowi;m;z Za2A a �highi;m;z(da) (A2)39



Appendix 2. Calculation of Individual Transition Probabilities1. We use the fact that transition from one spouse to another involves a spell of beingsingle. We construct transitions from married to married distinguishing by age byusing information on transitions from single to married. Speci�cally, we construct thefollowing statistics:��i;g(`jj) = qi;g  �̂i;g(sojj)�̂i;g(Sjj) �̂i;g(`jso)�̂i;g(M jso) + �̂i;g(swjj)�̂i;g(Sjj) �̂i;g(`jsw)�̂i;g(M jsw)! (A3)for ` = j + 1, and then add the probability of not remarrying:��i;g(kjj) = ��i;g(kjj) + (1� qi;g)�̂i;g(M jj) (A4)2. We have to account for mortality, and the PSID do not allow us to do so, since wecannot disentangle those who died from those who left the sample in 1985 compared to1980. To properly account for mortality we use the following steps:27(a) We compute the complement of those who stay married to the same spouse, x̂i;g(j):x̂i;g(j) = 1 � (1� qi;g)��i;g(j + 1jj): (A5)(b) We de�ne the probability of marital dissolution as the maximum value of x̂i;g(j)and the probability of spousal death:xi;g(j) = max fx̂i;g(j); (1� j;g�)g: (A6)(c) Then we rede�ne the transition probabilities and account for the agent's ownprobability of death as follows:�i;g(zjj)i;g = 8>>>>>>>><>>>>>>>>: �̂i;g(zjj)x̂i;g(j) xi;g(j) for z 2 S��i;g(zjj)x̂i;g(j) xi;g(j) for z 2M and z 6= j + 1(1� xi;g(j)) + qi;g ��i;g(zjj)x̂i;g(j) xi;g(j) for z 2M and z = j + 1 (A7)3. We make the transitions of males and females consistent with each other. (Recall that�i;m;j = �j;f;i for all i; j 2 I.) We impose that the male's transition has to adjust tomatch the number of females of each type. We do this by scaling the rows of �i;m;jappropriately while conserving the ratios generated by the original matrix betweensingle males with and without dependents, and between the transition from and tomarriage across the di�erent age groups of the wives.2827While studies reveal that the probability of remarriage, controlling for age and sex, is slightly higher afterdivorce than after the death of a spouse, we assume that they are equal. See Cherlin (1992).28The transformation also requires that the new matrix is a Markov matrix; that is that no element is eithernegative or above 1. This requires some additional rules when this property is violated. The description of40



Appendix 3. Tables and Figures of InterestTable A1.: Transitional Probabilities for Males Between Marital StatusesConditional on Being Married Conditional on Being SingleAge Married Single w/o Single w/ Married Single w/o Single w/15-19 .800 .200 .000 .169 .804 .02720-24 .831 .119 .050 .354 .606 .04025-29 .885 .079 .036 .387 .573 .04030-34 .932 .039 .029 .368 .611 .02135-39 .931 .041 .028 .163 .698 .14040-44 .919 .038 .043 .258 .645 .09745-49 .941 .036 .024 .273 .636 .09150-54 .954 .031 .015 .227 .727 .04555-59 .928 .063 .009 .125 .833 .04260-64 .914 .067 .018 .143 .786 .07165-69 .930 .039 .03170-74 .882 .105 .013 .000� .875� .125�75-80 .800 .181 .019Table A2.: Transitional Probabilities for Females Between Marital StatusesConditional on Being Married Conditional on Being SingleAge Married Single w/o Single w/ Married Single w/o Single w/15-19 .733 .067 .200 .271 .532 .19720-24 .847 .039 .114 .366 .454 .18025-29 .878 .035 .086 .295 .545 .16030-34 .895 .023 .082 .179 .696 .12535-39 .907 .019 .074 .121 .697 .18240-44 .898 .024 .079 .123 .690 .18745-49 .895 .036 .069 .101 .765 .13450-54 .898 .039 .062 .073 .818 .10955-59 .846 .103 .051 .016 .902 .08260-64 .850 .121 .029 .013 .948 .03965-69 .813 .131 .05670-74 .724 .241 .034 .009� .953� .037�75-80 .681 .203 .116Source: PSID 1980:1985.� Averages of 65 to 80.these rules is tedious and is available upon request. The rules are designed so that the new male transitionmatrix inherits as many properties as possible from the original.41



Table A3.: Household Equivalence ScalesMarital Status �zSingle w/o Dependents 1.000Single w/ Dependents 1.750Female Spouse 15-19 2.200Female Spouse 20-24 2.325Female Spouse 25-29 2.450Female Spouse 30-34 2.575Female Spouse 35-39 2.700Female Spouse 40-44 2.450Female Spouse 45-49 2.200Female Spouse 50-54 1.950Female Spouse 55+ 1.700Table A4.: Actual and Hypothetical Saving Rates Across Model EconomiesDivorceDivorce IllegitimacyDivorce Illegitimacy Illegitimacy Earnings DataPj2J �80j �yjY �80 ŝ80j 1.00 1.00 1.00 1.00 1.00Pj2J �60j �yjY �80 ŝ80j 1.31 1.43 1.83 1.83 1.55Pj2J �80j �yjY �60 ŝ80j 0.94 0.93 0.87 0.90 0.87Pj2J �80j �yjY �80 ŝ60j 0.74 0.61 0.09 -0.20 1.94Pj2J �60j �yjY �60 ŝ80j 1.23 1.32 1.56 1.69 1.38Pj2J �60j �yjY �80 ŝ60j 1.08 1.08 1.02 1.02 2.40Pj2J �80j �yjY �60 ŝ60j 0.70 0.59 0.14 -0.00 1.74Pj2J �60j �yjY �60 ŝ60j 1.01 1.01 1.02 0.90 2.15Table A5.: U.S. Saving Rates: 1950-1993Years Saving Rate1950-59 11.5%1960-69 11.7%1970-79 10.8%1980-89 5.9%1990-93 3.2%Source: Gokhale, Kotliko�, and Sabelhaus (1996).42



Figure 1: Demographic Structure by Sex and Marital Status: CPS 1988 and 196643



Figure 2: Baseline Demographic Structure by Marital Status (Eighties): Females
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Figure 3: Baseline Demographic Structure by Marital Status (Eighties): Males
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Figure 4: Earnings Index by Age, Sex and Marital Status: CPS 198846



Figure 5: Low Marital Risk Demographic Structure by Marital Status (Sixties): Females
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Figure 6: Low Marital Risk Demographic Structure by Marital Status (Sixties): Males
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Figure 7: Earnings Index by Age, Sex and Marital Status: CPS 196649



Figure 8: Average Wealth-Age Pro�le by Household Type: Baseline Economy
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Figure 9: Average Wealth-Age Pro�le by Household Type. Source: 1992 Survey of ConsumerFinances
51


